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National Extension Workshop: Communication Options for Extension

1   eXtension: Contributor and volunteer participation and pro-
cedures. J. P. Jacob*, University of Kentucky, Lexington.

There are 2 Communities of Practice (CoP) with eXtension that poultry 
specialists can contribute to, providing them with access to a wider audi-
ence. The first is the new CoP for small and backyard poultry flocks. The 
new CoP was launched in October 2012 and targets the needs of poultry 
owners with small- to medium-sized production flocks as well as those 
with backyard flocks. This encompasses a wide audience from urbanites 
with a handful of chickens to small production units of 500 to 20,000 
birds per year. Many of the backyard flocks are kept as pets, but for the 
larger producers poultry are kept as a source of income. According to 
the 2007 Ag Census there were > 143,000 farms in the US with laying 
flocks of < 20,000 hens. Of these, 125,195 had < 50. More than 10,000 
farms sold < 16,000 broilers during the year, with the majority of those 
farms selling < 2,000. There were also over 5,500 farms selling < 2,000 
turkeys each year. To address the needs of this diverse group, educational 
materials have been produced and are available at www.extension.org/
poultry but more material is needed. The materials currently include 
factsheets, frequently asked questions, glossary terms, factsheets, videos 
and webinars. Additional materials are needed covering a variety of 
poultry production areas. Any members of the CoP can create materials 
but all materials must be reviewed by 2 people and then pass through 
the copyediting process before being ‘published’ and made available 
on the eXtension website. The second CoP that poultry specialists can 
contribute to is the poultry section of www.eOrganic.org. This CoP 
deals specifically with organic production and has a more rigorous 
review process. Once the articles are completed, they are assigned by 
the eOrganic staff to 2 members to review. If accepted for publication 
and any changes made based on the reviews, the article than goes to 
certification review to make sure the contents comply with the USDA 
organic standards. Finally it goes to copyediting and gets ‘published’ 
and available online. For either CoP, collaboration on the production 
of educational material is easily achieved in the work space available. 
Anyone from the CoP can login from anywhere, at any time, and make 
updates or suggestions to a work in progress.

Key Words: communication, multigeneration, educational material

2   Alternative means of communicating with clientele. P. A. 
Curtis*, Auburn University, Auburn, AL.

When trying to communicate with others, have you ever felt like you 
were talking to a brick wall? Or like you are talking to someone who is 
deliberately misunderstanding everything you say? Today’s workplace is 
made up of employees from 4 generations. Each of the 4 generations has 
their own preferences and expectations regarding the work environment. 
The challenge is that not everyone wants to be communicated with and 
to in the same way. Traditionalists (born before 1946) prefer more formal 
communications and may be offended by the communication approaches 
utilized by Generation X and Generation Y. Baby boomers (born 1946 
to 1964) prefer phone, fax, email, voicemail, and Facebook. Genera-
tion X does not like group work and prefers to communicate using cell 
phones, Facebook, and Twitter. The millennials (born 1977 to 1997) are 
highly social and community oriented. They share their lives via social 
networks. Millennials communicate and share information 24/7. When 
preparing presentation and educational materials for multigenerational 
audiences, it is important to think about how your audience prefers to 
receive information. The differing core values between the generations 
also impact how they will interpret messages. The more you understand 

your audience’s communication style and how they are interpreting what 
you are saying, the better you can communicate and the more effectively 
you can work with them.

Key Words: communication, multigeneration, educational material

3   Extension disaster education network (EDEN): Poultry dis-
ease prevention and control. N. G. Zimmermann*1, N. L. Tablante1, 
J. Timmons2, J. Renshaw1, and J. Madsen1, 1University of Maryland, 
College Park, 2University of Maryland Eastern Shore, Princess Anne.

Our eXtension (electronic Extension) Community of Practice on avian 
influenza has published 22 pages of content covering a wide range 
of information on AI, including facts about the virus, AI in poultry 
and humans, biosecurity practices, and emergency preparedness and 
response. With decreasing federal and state funding to support traditional 
extension activities, web-based programs such as eXtension, along with 
social media outlets are rapidly becoming the major means of disseminat-
ing information to small-scale poultry flock owners and other sectors of 
the poultry industry. EDEN pre-dates eXtension; it covered all natural 
and terrorist disasters. The zoonotic highly pathogenic avian influenza 
(HPH5N1) or “Asian flu” outbreak made resources available to add 
avian influenza information to EDEN. Later, EDEN was incorporated as 
a Community of Practice (COP) in eXtension. Unlike their commercial 
poultry counterparts, small-scale poultry flocks may not have adequate 
biosecurity. Backyard flock owners who search the internet for informa-
tion on biosecurity, avian influenza (AI), and other poultry diseases may 
not always get credible, science-based information. While traditional 
methods of disseminating information (e.g., workshops, fact sheets) are 
still used by Cooperative Extension, non-traditional methods such as 
eXtension, social media (e.g., Facebook), Moodle, and Second Life have 
been gaining wide popularity and acceptance. Our AI eXtension team has 
created 3 avian influenza biosecurity Modular Object-Oriented Dynamic 
Learning Environment (Moodle) courses that focus on backyard flock 
owners, youth and 4-H members, and emergency responders. Topics of 
the course are organized into modules specific for each target audience. 
After completing each section, the user may take a practice quiz to test 
his/her knowledge on the subject. Upon completing each module, the 
user may take a final exam. If the user scores 70% or higher on the final 
exam, he/she receives an avian influenza biosecurity certificate that may 
be printed. We have also set up a questionnaire to get feedback from 
users as a course evaluation.

Key Words: eXtension, disease prevention, avian influenza, small 
flock, EDEN

4   Alternatives to traditional peer-review journals for extension 
programming relative to promotion and tenure. T. E. Porter*, Uni-
versity of Maryland, College Park.

Research scholarship is often assessed by the number of peer-reviewed 
publications and the impact factor of the publication outlets. Teaching 
productivity is typically evaluated by the number credits taught and 
student evaluations. Although evaluation of extension programs can 
also include similar criteria, such as number of peer-reviewed publica-
tions, impact assessments, and client surveys, other outlets for extension 
programming exist. Alternative outlets for individual extension programs 
will be presented based on input from leaders of academic departments 
across the country.

Key Words: extension, promotion, publication
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Environment and Management I

5   Infrared thermography temperature in the turkey (Meleagris 
gallopavo), correlated to feed intake but not to feed efficiency? O. 
W. Willems*1, S. P. Miller1, and B. J. Wood1,2, 1University of Guelph, 
Guelph, ON, Canada, 2Hybrid Turkeys, Kitchener, ON, Canada.

Due to the amount of time and effort required in measurement, often 
only a limited number of animals are assessed for individual feed effi-
ciency traits, and this can lower the amount of genetic progress made. 
Measuring the surface temperatures of the unfeathered areas of turkeys 
has been proposed as a method to monitor the proportion of feed energy 
ingested and metabolized. Theoretically, a low temperature would mean 
a bird is utilizing feed more efficiently by partitioning a larger amount 
of energy in body weight gain then into heat production. The aim of this 
trial was to assess correlations between feed efficiency traits, such as 
body weight (BW), body weight gain (WG), feed intake (FI), residual 
feed intake (RFI) and residual body weight gain (RG) with infrared 
thermography (IR) traits, such as head area temperature (tHEAD), eye 
area temperature (tEYE) and distal metatarsus temperature (tDM). The 
trial assessed 175 toms for FI and BW over a 6-wk period, from 16 to 22 
wk of age, with measurements taken each week. At the end of each week 
IR images were taken using an IR camera (ThermaCamTM SC2000). 
Turkeys had ad libitum access to feed and water. All traits were adjusted 
for the fixed effects of line and hatch according to the model: Yij = μ 
+ linei + hatchj + eij, using the GLM procedure of SAS. Traits were 
then compared using the CORR procedure in SAS. Correlations were 
low for both tHEAD and tEYE with all feed efficiency traits, however 
tDM showed low to moderate correlations between FI (0.04 to 0.34), 
BW (0.07 to 0.20), and WG (0.11 to 0.23). In the last 3 wk of the trial, 
tDM showed moderate correlations with RG (0.16 to 0.23) and these 
Pearson correlation coefficients are shown in Table 1.

Table 1. Pearson correlation coefficients between infrared thermography im-
ages of the distal metatarsus in the turkey (tDM1 to tDM5) and residual body 
weight gain (RG1 to RG5) over a 6-wk trial of 175 tom turkeys

Trait tDM1 tDM2 tDM3 tDM4 tDM5
RG1 −0.04 −0.13 −0.11 0.06 0.08
RG2 −0.05 0.08 0.01 0.05 −0.04
RG3 0.04 0.14 0.16 0.18 0.09
RG4 0.12 0.22 0.08 0.20 0.13
RG5 0.13 0.15 0.13 0.05 0.23

Key Words: turkey, feed efficiency, infrared thermography, residual 
body weight gain

6   The effect of unheated, low trypsin inhibitor, whole soybeans 
included in feed, and miscanthus grass versus pine shavings as a 
bedding on the performance of tom turkeys reared to market age. 
C. E. Evans*, J. L. Grimes, C. R. Stark, A. C. Fahrenholz, and J. D. 
Garlich, North Carolina State University, Raleigh.

Commercial unheated soybeans (SB) fed to turkeys results in reduced 
performance due to increased levels of trypsin inhibitors (TI) and anti-
nutritive oligosaccharides (OLG). Non-GM SB have been selected for 
reduced TI and OLG. Additionally, a bedding material shortage has 
increased the need for alternatives such as miscanthus grass (MG). The 
objectives of the study were to evaluate 2 novel SB for their efficacy as a 
feedstuff for turkeys as well as the use of MG versus pine shavings (PS). 
Male LW poults (672) were raised in a curtain-sided floor-pen house with 
14 birds per pen (64 ft2) from hatch to 19 wk. One of 4 dietary treat-

ments (TRT) were randomly assigned to 48 pens: soybean meal (SBM), 
low TI unheated SB (LT), low TI and low OLG unheated SB (LO), and 
standard, untreated, and unheated SB (ST). The unheated whole SB (w/
hulls) and grains were roller milled to 700 microns. Birds were reared 
to 4 wk on a common crumbled diet. From 4 to 19 wk, birds were fed 
typical turkey rations with up to 40% milled unheated SB replacing 
SBM. TRT diets were iso-caloric, iso-nitrogenous, and fed as a coarse 
mash. The PS or MG bedding were randomly assigned to pens within 
dietary TRT. Feed intake (FI) and BW were measured at 6, 9, 12, 15, 
and 19 wk. Bedding type did not affect BW or FI. MG resulted in lower 
FCR at 6, 9, and 15 wk versus birds on PS (2.61 versus 2.67 ± 0.27 at 
15 wk). Birds fed SBM had greater BW (19.1 ± 0.19 kg) as compared 
with other TRT. Birds fed LO and LT exhibited greater BW (16.7 and 
16.3 ± 0.19, respectively) compared with ST (13.6 ± 0.19). The FI of 
birds fed LO, LT, and SBM were similar (50.0, 49.3, and 50.9 ± 0.72 kg, 
respectively), while ST depressed FI (43.15 ± 0.72 kg). Birds fed SBM 
had the best FCR (2.65 ± 0.03) followed by those fed LO, LT, and then 
ST (3.02, 3.01, and 3.19 ± 0.03, respectively). We conclude MG may 
be a viable bedding and that feeding low TI and OLG diets improve 
turkey performance as indicated by BW, FI and FCR when compared 
with commercial unheated SB.

Key Words: turkey, soybean, trypsin inhibitor, alternative litter, mis-
canthus grass

7   Cleaning and disinfection of broiler transport coops with per-
acetic acid and alkaline based cleaners. E. Fowlkes*1, D. Caldwell1, 
J. Byrd2, J. Lee1, C. Hinojosa-Garza1, M. Ross1, S. Iselt1, R. Latham1, 
J. Garcia1, L. Froebel1, D. Caldwell2, and M. Farnell1, 1Texas A&M 
University, AgriLife Research and Extension, College Station, 2USDA-
ARS, College Station, TX.

Broiler transport coops are rarely washed and may result in carcass 
contamination. Previous trials, conducted in our laboratory, have 
demonstrated that foaming cleaners and disinfectants can significantly 
reduce bacteria when applied to a surface for the recommended 10 min 
contact time. We hypothesized that a commercially available disinfec-
tant or cleaner applied through a compressed air foam system (CAFS) 
followed by high pressure water rinse may further reduce the microbial 
load if allowed an extended contact time of 30 min. Treatments consisted 
of (1) high pressure water rinse control, (2) product application with a 
3-min low pressure water rinse and (3) product application followed 
by a 3-min high pressure water rinse. A foaming alkaline based cleaner 
(Trial 1) and a peracetic acid (PAA) with a foaming agent (Trial 2) were 
applied to freshly soiled coops. These products were applied via CAFS, 
allowed to soak for 30 min and washed with a low pressure water rinse 
to remove residual chemical or with a high pressure water rinse to 
remove organic matter. A 5 × 5 cm area of the coop floor was swabbed 
pre and post treatment using a flame sterilized stainless steel template 
and gauze pre-moistened with buffered peptone water. All samples 
collected were stomached, serially diluted, spread plated onto tryptic 
soy agar or Campy-Cefex agar, incubated and enumerated. In trial 1, 
the foaming alkaline based cleaner treatments resulted in no significant 
differences in the microbial load of the coop floors. However, significant 
reductions in aerobic bacteria (2.37 logs) and Campylobacter (3.23 logs) 
were observed with the PAA treatments in trial 2. These data indicate 
that the use of a compressed air foam system combined with PAA and 
a foaming agent may reduce aerobic bacteria and Campylobacter on 
the floors of broiler transport coops.
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Key Words: cleaning and disinfection, transport coop, food safety, foam

8   The effect of hydrogen peroxide and ultraviolet light egg 
sanitization treatment on embryo viability, hatchability and chick 
quality. N. L. Fuchs*, S. A. Winkler, G. S. Archer, and C. D. Coufal, 
Texas A&M University, College Station.

Previous studies have shown that a spray application of hydrogen per-
oxide (H2O2) followed by exposure to UV light (UV) is an effective 
method (H2O2/UV method) of eggshell sanitization. The purpose of 
this study was to determine whether the H2O2/UV method would affect 
embryo viability, hatch of fertile eggs or quality of hatched chicks. In 
Experiment 1, eggs were collected for 5 d from a White Leghorn flock. 
Only visibly clean eggs were selected for use, and each day half were 
treated with the H2O2/UV method using a prototype machine and half 
were not treated (control). After collection and treatment on d 1 through 
4, eggs were placed into an egg cooler for storage until the fifth day of 
egg collection when all eggs were set in incubators. A total of 1,350 eggs 
were collected. Control eggs were divided among 3 incubators and the 
treated eggs were divided among 3 separate incubators. All eggs were 
briefly removed from the incubators on d 10 and candled. Eggs with no 
visible development were removed and broken out for classification. A 
second experiment was conducted to assess the impact of H2O2/UV egg 
sanitization during long-term storage before incubation. In Experiment 
2, 720 broiler breeder eggs were collected from a commercial farm. On 
the day of collection, half of the eggs were treated with the H2O2/UV 
method and half were not treated (control). Eggs were then stored in 
an egg cooler for 18 d. Eggs were then divided among the 6 incubators 
(3 incubators per treatment) as in Experiment 1. On d 18 at the time of 
transfer to the hatchers, eggs were candled to remove nonviable eggs and 
broken out for classification. No statistical differences were observed for 
embryo mortality, hatch of fertile or chick quality parameters. However, 
the hatch of fertile for control and treated eggs in Experiment 1 was 
89.6 and 92.8%, respectively. In Experiment 2, the hatch of fertile for 
control and treated eggs was 60.0 and 67.4%, respectively. The data 
from both experiments indicate that the H2O2/UV method does not 
negatively impact hatchability or chick quality.

Key Words: hydrogen peroxide, UV light, egg, incubation, hatchability

9   Correlation of microbial levels in sanitized and unsanitized 
waterlines on broiler farms. P. Maharjan*, T. Clark, M. Scantling, 
and S. Watkins, University of Arkansas, Fayetteville.

An evaluation of poultry farm water supplies was conducted to deter-
mine if a difference in microbial build up existed for waterlines from 
commercial broiler houses which sanitize or do not sanitize the water 
systems. Swab samples from waterlines were taken from each of these 
4 types of barns from 4 different farms: (1) clean lines Between Flocks 
(BF) and Sanitize Water when Birds are Present (SWBP); (2) clean 
lines BF but do not SWBP; (3) do not clean lines BF but SWBP; and 
(4) do not clean lines BF and do not SWBP. All swab samples placed 
in 25 mL of sterile BPD were plated for aerobic plate count (apc) and 
for yeast and mold counts using 3M Petrifilm. From 4 commercial type 
1 barns in a farm, 8 pre-flush and 8 post-flush swab samples (2 lines 
randomly selected out of 8 lines/barn) were pulled using standard swab-
bing techniques between flocks. A second set of 8 samples was taken 
(2 from each of the same 4 barns but different lines) with birds present 
at 43 d of age. This sampling procedure was repeated for 3 consecutive 
flocks for the same barns. Microbial results were analyzed using least 
squares means of GLM procedure of SAS. The between flocks apc for 
post flush (average log10 - 1.20) were significantly lower (P < 0.05) 

than pre flush counts (average log10 - 4.09) for all 3 flocks for all barns. 
Day 43 apc counts (average log10 - 4.14) were significantly higher (P 
< 0.05) as compared with initial post-flush counts for all 3 flocks for 
all barns signifying build-up of biofilms regardless of water treatment. 
General comparisons for microbial results with type 1 barns to other 
barn types were made for the samples taken while birds were present (d 
43 samples) and found to be not significantly different (P > 0.05) except 
for type 4 which was significantly higher (P < 0.05). This evaluation 
indicates that in spite of line cleaning between flocks and water sanitation 
with birds present, biofilms can still develop over a 6-wk period. These 
results suggest that line cleaning be done between flocks to minimize 
microbial shedding in water systems for the next flock of chicks.

Key Words: microbe, waterline, sanitation, biofilm, chick

10   Influence of total sulfur amino acid levels in broiler starter 
diets on early performance following coccidiosis vaccination. R. 
Latham*, J. Lee, K. Perry, S. Iselt, and D. Caldwell, Texas A&M Uni-
versity, College Station.

The objective of the current trials was to investigate varying starter diet 
calculated total sulfur amino acid levels on non-vaccinated or vaccinated 
broiler performance through 18 d of rearing. Vaccination during Trial 1 
was by a commercial spray cabinet while Trial 2 involved vaccination 
by oral gavage. The experimental design was a 5 × 2 factorial with 5 
diets varying in TSAA level (0.75, 0.85, 0.95, 1.00, or 1.05%) fed to 
either non-vaccinated or coccidiosis vaccinated broilers. On day of 
hatch, male Cobb 500 broiler chicks were obtained from a commercial 
hatchery and randomly placed for rearing in electrically heated brooder 
batteries. Average body weights (BW) and feed conversion ratio (FCR) 
were determined on d 6, 13 (d 12 in Trial 2), or 18 of each trial. During 
Trial 1, observed BW measurements on d 6, 13, and 18 suggest no 
added benefit (P < 0.05) of feeding a TSAA level greater than 0.95% 
in non-vaccinated broilers. Observed BW of vaccinated broilers on d 6 
and 13 indicated feeding a TSAA concentration of 1.05% was neces-
sary (P < 0.05) to achieve BW similar to non-vaccinated broilers. An 
interaction between TSAA level and vaccination on FCR in Trial 1 
was not observed. During Trial 2, an interaction between TSAA level 
and vaccination on BW or FCR on d 6 or 18 was not observed. BW 
measurements on d 12 of Trial 2 revealed a trend of increased BW (P 
< 0.05) associated with increasing TSAA level in both vaccinated and 
non-vaccinated broilers. Also on d 12 of Trial 2, FCR improvements 
(P < 0.05) were observed at all TSAA levels above 0.75%, regardless 
of vaccination status. Future studies should focus on evaluating these 
parameters when starter diets are fed for industry-similar durations 
shorter than 18 d. These data suggest broiler performance during coc-
cidiosis vaccination may be linked to TSAA level in the starter phase 
of grow-out.

Key Words: TSAA, coccidiosis vaccination, broiler performance

11   DNA barcoding, phylogenetic and morphometric analysis of 
Eimeria spp. infecting turkeys. M. E. Ogedengbe*1, S. El-Sherry1,3, 
M. A. Hafeez1, H. D. Chapman2, and J. R. Barta1, 1University of 
Guelph, Guelph, ON, Canada, 2University of Arkansas, Fayetteville, 
3Assiut University, Assiut, Egypt.

Coccidiosis in turkeys is caused by enteric coccidia species belonging to 
genus Eimeria (including E. meleagrimitis, E. dispersa, E. gallopavonis 
and E. adenoeides). Current identification methods, based mainly on 
morphometric and biological characteristics, are insufficient to reliably 
differentiate among species. Although nuclear 18S rDNA sequences have 
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been used widely for phylogenetic reconstructions and species charac-
terization, this gene has limitations as a molecular marker for species 
differentiation in the case of closely related coccidia. To address this, 
new nuclear 18S rDNA and mitochondrial COI sequences were obtained 
from single oocyst-derived lines from Eimeria sp. isolates (E. adenoeides 
KCH, E. adenoeides USA; E. adenoeides Weybridge, E. meleagridis 
Arkansas, E. dispersa and E. meleagrimitis USMN08–01. Phylogenetic 
analysis of multiple 18S rDNA sequences obtained from single oocyst-
derived lines of E. meleagrimitis show that divergent, paralogous 18S 
rDNA copies exist within the nuclear genome of this parasite: Type A 
with 4 new sequences; and Type B with 9 new sequences. Both Type 
A and Type B sequences were obtained from each of the single oocyst 
derived lines of E. meleagrimitis. In contrast, COI sequences of E. 
meleagrimitis and E. adenoeides were identical among lines from the 
same species and COI sequences from individual Eimeria species were 
easily distinguished from other Eimeria species infecting the same host 
with lower intraspecific genetic distances compared with 18S rDNA 
sequences. The COI locus is apparently free of divergent copies that were 
demonstrated for the nuclear rDNA loci. These observations confirm 
the utility of the mitochondrial COI locus as a species-level genetic 
marker for Eimeria spp. infecting turkeys. Histological and morpho-
metric details obtained via experimental infections in vivo support these 
phylogenetic conclusions. We encourage COI-based DNA barcoding of 
coccidia as part of the species description or re-descriptions of any new, 
or newly isolated, species of Eimeria or related parasites.

Key Words: 18S rDNA, mt COI gene, coccidiosis, molecular taxonomy, 
parasitology

12   Live Eimeria vaccine success from the hatchery to the barn 
and the role of environmental management. K. R. Price*1, J. 
Bulfon1, M. T. Guerin1, L. Newman2, B. M. Hargis3, S. Leeson1, and J. 
R. Barta1, 1University of Guelph, Guelph, ON, Canada, 2Merck Animal 
Health, Summit, NJ, 3University of Arkansas, Fayetteville.

Live Eimeria vaccination is gaining acceptance in poultry production as 
this method stimulates immunity from the first dose of vaccine oocysts 
and is enhanced through fecal-oral transmission (“cycling”). Commonly, 
day old chicks are inoculated with a spray that, like any indirect appli-
cation method, may lead to non-uniform oocyst ingestion. Insufficient 
cycling following vaccination may only allow for limited immunity to 
develop and chickens risk coccidiosis when challenged. Environmental 
management becomes critical for vaccine success. Uniformity of initial 
vaccine uptake and the level of protection from challenge infections 
with modifications to the cage environment were tested. Variation in 
spray vaccine uptake was assessed by counting oocysts shed at 6 d 
post inoculation. Oocyst shedding ranged from 0 to > 100,000 oocysts 
per gram of feces. An additional experiment indicated that low relative 
humidity (<25%) during the initial vaccination period had a negative 
impact on vaccine success. In a secondary trial, birds were separated 
into 4 groups and reared on 3 different cage floor modifications to 
examine protection against challenge infection. Treatment groups were: 
oral-gavage “vaccinated” (E. acervulina, E. brunetti and E. tenella); 
fecal-oral transmission, “contact-vaccinated”; and controls. Cage floor 
modifications were: 0% cage floor coverage (CFC); 40% CFC with 
thick paper; and 40% CFC with fiber trays. In general, vaccinated and 
contact-vaccinated birds reared on 40% CFC with paper or trays during 
the treatment phase had significantly higher body weight gains than 
challenged controls during challenge infection with E. acervulina at 3 
weeks of age. However, no significant difference was noted for birds 
reared on 0% CFC. Birds challenged with homologous E. brunetti or E. 
tenella did not follow this trend, which may have been due to a decrease 

in relative humidity during the initial oocyst sporulation stage in the 
barn. Complete live Eimeria vaccine success requires environmental 
management to moderate fecal-oral transmission of vaccine parasites.

Key Words: coccidiosis, disease control, immunization, poultry envi-
ronment, parasitology

13   Impact of skip-a-day and every-day feeding programs on the 
colonization of Salmonella Typhimurium in broiler breeder pul-
lets. K. M. Wilson*1,2, B. L. McLendon2, D. V. Bourassa1, E. R. Mon-
tiel2, J. L. Wilson2, N. A. Cox1, and R. J. Buhr1, 1USDA-ARS, Athens, 
GA, 2University of Georgia, Athens, 3Merial Select Inc., Gainesville, 
GA.

Feed restriction during pullet rearing is required to maintain flock uni-
formity, limit body weight gain, and optimize broiler breeder reproduc-
tive fitness. The impact of restrictive feeding programs on Salmonella 
colonization after environmental challenge was investigated in broiler 
breeder pullets in an experimental rearing facility at the University of 
Georgia. Pullets (135 chicks/pen) were placed on litter into the 3 feed-
ing program rooms, each room containing duplicate pens. The feeding 
programs were as follows: 1) Skip-a-day in trough feeders (SAD); 2) 
Every-day in trough feeders (EDT); 3) Every-day on the litter (EDL). 
On d 1, an additional group of hatchmate chicks were gavaged with 4.0 
× 104 cells of a nalidixic acid-resistant Salmonella Typhimurium. The 
ceca from these seeder chicks (n = 10/wk) were sampled at 4 and 5 wk 
to determine Salmonella colonization. All were positive, and at 5 wk, 
5 Salmonella-seeder pullets were commingled into each pen. At 7 and 
11 wk, stepped-on drag swab sampling of the litter was conducted and 
confirmed persistence of Salmonella. At 8 and 12 wk, ceca were sampled 
from 10 pullet penmates/pen and 2 composite spleen samples (5 spleens 
per composite) were collected/pen before feeding. At 12 wk, cloacal 
swabs were also taken from all pullets sampled and an additional day 
of collection occurred for SAD (off feed day). Salmonella prevalence 
for ceca from SAD pullets was significantly (P < 0.05) higher at both 
8 wk (70% combined direct and enriched culture) and at 12 wk (40% 
positive) for both on and off feed sample days. EDT fed pullets had 
40% Salmonella-positive ceca at 8 wk and only 5% at 12 wk. EDL fed 
pullets had 30% Salmonella-positive ceca at 8 wk and 5% at 12 wk. 
Spleens were positive in all treatments at 8 wk, only SAD at 12 wk, 
and the cloacal swabs only 2/80 (2.5%) were Salmonella-positive and 
neither appeared associated with ceca results. These results suggest that 
feeding broiler breeder pullets SAD may contribute to a persistently 
higher Salmonella ceca colonization after environmental challenge.

Key Words: restrictive feeding, broiler breeder pullet, Salmonella 
Typhimurium, colonization

14   Gut bacterial ecology of developing Pekin ducks. A. L. 
Porter*1, S. Colton1, C. Campbell1, E. Gerometta1, R. Haas1, A. Lind-
berg1, S. Gallemore1, G. S. Fraley1, A. A. Best1, and S. M. Fraley2, 
1Hope College, Holland, MI, 2South Crossing Veterinary Center, Kent-
wood, MI.

Riemerella anatipestifer (RA) is a bacterial pathogen causing septicemia 
in Pekin ducks. This disease generates substantial economic losses for 
poultry duck producers in the food industry. Little is known about the 
pathogenesis or the source of this pathogen in ducks. To determine if 
RA is a natural part of the gut ecology within ducks, we collected the 
contents of the paired cecae in ducks over a 6-wk period, isolated the 
total bacterial DNA from the samples, and analyzed for the presence of 
RA, E. coli, and Salmonella using PCR. Data shows the absence of RA 
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in samples in the cecae of ducks from hatch to market weight. Given 
the lack of current knowledge regarding the gut ecology of Pekin ducks 
we submitted the isolated bacterial DNA for total community ecologi-
cal analyses, using next generation sequencing technology to sequence 
bacterial 16S rRNA taxonomic markers. Initial analyses revealed as 
many as approximately 36,000 unique bacterial taxa present in the gut 
of developing Pekin ducks. Interestingly, we observed a complete shift 
in gut bacterial taxonomic composition around d 8 post-hatch. This time 
frame may correlate with observations that maternally derived passive 
immunity is also lost at about d 8 of age. Thus maternal antibodies may 
contribute to the gut ecology of Pekin ducks.

Key Words: cecum, gut health, yolk sac

15   The effects of different wavelengths of light on develop-
ment and behavior of grow-out Pekin ducks. C. L. Campbell*1, S. 
Colton1, M. Rice1, M. Turk3, S. M. Fraley2, and G. S. Fraley1, 1Hope 
College, Holland, MI, 2South Crossing Veterinary Center, Kentwood, 
MI, 3CMT Dux Consulting, Leesburg, IN.

Research has shown that red light conditions improve growth and 
decrease aggressive behaviors in chickens and turkeys, although more 
recent study suggests that blue-green light may improve production of 
broilers. However, to date no research has been conducted to examine 
whether different wavelengths of light have an impact on production in 
the Pekin duck. To determine this, we raised Pekin ducks under aviary 
conditions that were similar to standard commercial barns. The ducks 
(final n ~160 ducks/pen) were housed under 3 conditions: red light 
(approximately 780nm), blue light (approximately 450nm) and white 
light. Light sources in each pen were standardized to produce peak 
energy at 1.6 × 103 photons/m2/s at the level of the ducks’ head. Ducks 
were given ad libitum access to water and commercial duck diet, and 
were housed on pine shavings at a density of 0.43m2 per duck. Ducks 
were evaluated weekly for body weight and condition and a subjective 
measure of the duck’s anxiety levels was determined. All ducks were 
video recorded and anxiety was determined by analyzing the activity 
of ducks between 0700 and 1200 h for 2 d each week. We found that 
ducks housed under blue light had significantly (P < 0.01) reduced body 
weight at every age until the end of the experiment (processing age; 
35 d). Ducks housed in the blue pen also showed a significantly (P < 
0.01) higher level of activity compared with ducks under red or white 
lights. In addition, while evaluators were in the pens most the ducks 
under blue light began panting, they were much less inquisitive than 
other ducks, they took longer to exhibit normal social behavior once 

evaluation was completed, and they frequently “swarmed” without 
apparent stimulation. Ducks under blue lights also showed significantly 
(P < 0.05) elevated corticosterone, but reduced growth hormone levels. 
There were no differences in any measurements between the red and 
white lighted pens. These data suggest that unlike the chicken, blue lights 
may be inappropriate for raising Pekin ducks in a commercial setting.

Key Words: corticosterone, growth hormone, behavior, stress

16   Growth performance of fast growing broilers reared under 
different types of pasture management: Implications for organic 
and alternative production systems. H. R. Arambel*1, J. R. Moyle2, 
A. N. Woo-Ming1, K. Arsi1, P. J. Blore1, F. D. Clark1, D. J. Donoghue1, 
and A. M. Donoghue2, 1University of Arkansas, Fayetteville, 2USDA-
ARS, Fayetteville, AR.

Outdoor access is a critical component of organic poultry production 
and currently there is a demand to provide organic poultry producers 
with information concerning housing options, especially as the National 
Organic Program is considering the need for increased outdoor access. 
The purpose of this study was to evaluate different housing systems 
and their environmental influence on growth parameters, leg strength 
and pathogen colonization of Salmonella. This study used fast-growing 
broilers to simulate the current trend of switching from slower growing 
broilers to modern broilers, ultimately reducing feed and labor costs. 
The pasture used in the study contained a mixture of forages to mimic 
the conditions commonly used for pasture poultry farms in our area. 
Four treatment groups were used: 1) a fixed house without pasture 
access (control), 2) a fixed house with pasture access, 3) hoop houses 
without pasture access (environmental control), and 4) hoop houses 
with pasture access. To determine potential seasonal effects of pasture 
consumption on production parameters, this study was repeated in the 
spring, summer and fall. Our results found that birds moved to hoop 
houses had reduced growth rates compared with birds that remained in 
the fixed houses. In addition, the pasture access did not significantly alter 
growth rate or feed conversion compared with birds that did not have 
pasture access; leg strength (determined by bone breaking strength) was 
also unaffected by varying housing management. Salmonella was not 
detected in any of the treatment groups. This study provides informa-
tion for organic producers to consider when developing a production 
program, specifically focusing on housing options. Funded in part by 
the USDA-NIFA-OREI 2011-01955.

Key Words: free range, broiler, management, organic, housing
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Symposium: Fundamentals of Feed Efficiency: Animal to Genome

17   Feed efficiency in the real world: An industry perspective. K. 
Christensen*, OK Foods Inc., Fort Smith, AR.

The measurement of feed efficiency in the broiler industry is one of pri-
mary measurements used to monitor and evaluate broiler performance. 
It has a significant impact on the competitiveness in the marketplace as 
nearly 70% of the cost of raising a commercial broiler is feed. Although 
feed costs may shift up or down, it will always represent the highest input 
cost in commercial poultry production. Feed efficiency has improved 
dramatically since the establishment of the commercial chicken busi-
ness. Due to significant improvements primarily in genetic selection and 
nutrition, growth rates have increased (resulting in higher body weights 
in fewer growth days) as has feed efficiency. Market weights of broilers 
have nearly doubled while feed conversions have dropped 20 points 
or more. Feed costs, however, have steadily increased the past several 
years due to supply, export pressure and the production of ethanol from 
corn. The loss of certain feed additives traditionally used to support 
feed conversion and a small but increasing interest by consumers to 
purchase chickens raised without antibiotics have resulted in an industry 
wide loss of efficiency and added to production costs. Although feed 
efficiency will continue to improve through genetic selection, nutrition 
and management, an effort to develop new strategies to manage produc-
tion efficiency that may focus on intestinal physiology (e.g., lowering 
intestinal inflammation, manipulating microbial environment or even 
at the cellular level) is the new frontier that will bring technologies to 
further improve production efficiency in the poultry industry.

Key Words: feed efficiency, poultry industry, gut health

18   Impact of gastrointestinal ecology on feed efficiency. G. 
Tellez*, University of Arkansas, Fayetteville.

The fields of immunology, neuroendocrinology, microbiology, nutrition 
and metabolism are rapidly converging. The gastrointestinal tract (GIT) 
is not only the largest immune and endocrine organ; the enteric nervous 
system contains more neurons than the periphery nervous system. The 
GIT also represents the greatest exposed surface to environmental fac-
tors (e.g., food, feed ingredients, microbes). However, a wide range of 
factors associated with diet and infectious disease agents can negatively 
affect the delicate balance among the components of the chicken gut 
and, as a result, affect health status and production performance of birds 
in commercial poultry operations. The surface of the GIT mucosa is not 
a static barrier that simply prevents microbial invasion but a critical 
interface for microbiota–immune system interactions. The impact on 
gut health often comes from microbial imbalance in the gut, because this 
microbiota affects host nutrition, protection, and gut development. Any 
gut damage caused by pathogens will also lead to poor gut health, which 
will, in turn, affect nutrient utilization efficiency. Subclinical forms of 
infection with no obvious signs of lesions such as Coccidiosis or Necrotic 
enteritis are often financially more devastating than acute, short-term 
infections. Likewise, dietary factors that modulate the immune system 
and gut microbiota should be considered when formulating diets and 
managing feeding practices. Marked changes in socio-economic status, 
cultural traditions, population growth and agriculture are affecting diets 
worldwide for humans and animal production. Understanding how 
diet ingredients and nutritional status influence the composition and 
dynamic operations of gut microbial communities, and the innate and 
adaptive arms of the immune system, represents an area of scientific 
need, opportunity and challenge. This review focuses on intestinal 

microbiota–immune interactions leading to intestinal homeostasis, 
and show that these interactions at the GIT mucosal surface are critical 
for driving not only for feed efficiency but also for both protective and 
pathological immune responses systemically.

Key Words: gut health, inflammation, microbiota, feed efficiency

19   Nutrigenomics applications to feed efficiency and nutrient 
utilization. S. E. Aggrey*1, F. González-Cerón1, J. Lee1, A. B. Kar-
nuah1, and R. Rekaya2, 1Department of Poultry Science, University of 
Georgia, Athens, 2Department of Animal and Dairy Science, Univer-
sity of Georgia, Athens.

Gene expression profiles of feed efficiency phenotypes in chicken 
are generally unknown. We have studied the global and targeted gene 
expression differences in 2 chicken populations divergently selected 
for low (LRFI) or high (HRFI) residual feed intake (RFI) at d 35 and 
42. Using duodenal tissue, a global view of gene expression differences 
between LRFI and HRFI suggested that RFI can be explained by dif-
ferences in cell division, growth, proliferation and apoptosis, protein 
synthesis and lipid metabolism. Chickens selected for improved RFI 
achieve efficiency by reducing feed intake with no change in weight 
gain upregulating CD36, PPARα, HMGCS2, GCG and downregulat-
ing PCSK2, CALB1, SAT1 and SGK1. Further, the avian target of 
rapamycin (avTOR) pathway was upregulated in LRFI at both ages 
compared with the HRFI. Other differentially expressed genes at d 35 
include AKT, EEF2, EIF4EBP1, PDK1, RPS6KP1, MLST8, GHRL, 
PI3K, FOXO1 and MDM2. At d 42, there was no change in expression 
of avTOR target RPS6KP1 and MDM2. There was a positive correlation 
between RFI and fecal nitrogen (N). The purine salvage pathway was 
activated in the LRFI compared with HRFI at d 42. To maintain growth 
in the LRFI birds, excess N was deaminated mostly to generate purine 
nucleotides. Generating purine nucleotides primarily from the purine 
biosynthesis pathway is energetically costly, and to preserve energy, they 
preferentially generate nucleotides from the purine salvage pathway. The 
LRFI birds need to generate sufficient nucleotides to maintain growth 
despite reduced FI then results in reduced fecal N.

Key Words: gene expression, avTOR, nitrogen recycling, divergent 
selection

20   Role of mitochondria in feed efficiency; bioenergetics, genes, 
and proteins. W. G. Bottje* and B.-W. Kong, University of Arkansas, 
Fayetteville.

With severe drought in 2012, diversion of grain to ethanol production, 
and greater global demand for grain, feed efficiency (FE) remains an 
important genetic trait in animal agriculture. There are many factors 
(e.g., genetics, environmental, nutrition, management, behavioral) 
that impact feed efficiency. A major biological component of FE are 
mitochondria (physiology, biochemistry) that have been linked to FE 
in several animal species. Global gene expression studies conducted in 
breast muscle in a male broiler line indicate that a high FE broiler phe-
notype exhibited upregulation of anabolic, energy sensing and energy 
coordination genes, and downregulation of cytoskeletal architecture 
genes compared with a low FE broiler phenotype. A hallmark of low 
FE is greater oxidative stress that includes higher mitochondrial reac-
tive oxygen species (ROS) production, extensive protein damage, and 
upregulation of stress responsive genes (e.g., heat shock proteins [HSPs] 
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and superoxide dismutase). Certain HSPs (e.g., HSP90, crystalline α B, 
ubiquitin specific peptidase 5) that were upregulated in breast muscle 
in the low FE broiler phenotype are reported to stabilize misfolded or 
damaged proteins. Ubiquitin specific peptidase 5 is associated with 
protein ubiquitination that functions to repair damaged proteins, or in 
recycling of amino acids following hydrolysis in proteosomes. Ubiquiti-
nation and proteolysis are energetically expensive processes that require 
considerable ATP expenditure from input for protein synthesis and then 
for protein ubiquitination and degradation. Possibly, additional energy 
expenditure required for protein repair contributes to development of 
low FE. The underlying cause of higher mitochondrial ROS production 
that is a likely cause of greater protein oxidation is not known but may 
represent an important component in poor feed efficiency. We suggest 
that identifying and ‘fixing’ this problem could help in the ongoing 
improvements of feed efficiency being made in animal agriculture.

Key Words: feed efficiency, gene expression, mitochondria, protein

21   Understanding the physiological basis of residual feed intake 
and feed efficiency. N. K. Gabler*, J. F. Patience, J. C. M. Dekkers, 
and S. M. Lonergan, Department of Animal Sciences, Iowa State Uni-
versity, Ames.

Improving feed efficiency (FE) of meat production livestock is an 
important goal for sustainability and profitability. This must be achieved 

without compromising growth rate and meat quality. Compared with 
growth and development, our understanding of the molecular biology 
and physiology regulating feed efficiency (FE) is relatively limited. In 
recent years, this understanding has been enhanced through the study of 
residual feed intake (RFI) in selection experiments. RFI is a measure of 
FE that is calculated by determining the difference between an individual 
animal’s observed and its expected feed intake based on performance. 
Therefore, animals with low RFI are more FE than animals with a 
high RFI. The main biological factors that contribute to differences in 
RFI may include physical activity, feed intake patterns and behavior, 
stress, nutrient digestibility and efficiency of utilization, composition 
of gain and metabolism. Results from our lines of pigs that have been 
divergently selected for high versus low RFI show that changes in body 
composition explain some of the variation observed in RFI divergence. 
Molecular and physiological explanations for the observed differences 
in response to divergent selection based on RFI in pigs will be explored. 
Data that support the hypothesis that a significant part of RFI differ-
ences may be related to protein turnover and degradation rates will be 
presented. These differences could be linked to mitochondrial function 
and oxidative stress in muscle and liver tissues. This work was sup-
ported by USDA-AFRI Competitive Grant #2010–65206–20670 and 
#2011–68004–30336.

Key Words: swine, residual feed intake, feed efficiency, mitochondria
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22   Influence of zinc oxide nanoparticles on growth perfor-
mance, carcass quality and growth index of immune organs of 
broiler chickens. Y. Ebrahimnezhad, J. Gheiasi1, N. Maheri Sis, M. 
Mohammadi Khah, and F. Ahmadi*, Islamic Azad University, Shabe-
star, Iran.

This research was carried out to investigate the effects of zinc oxide 
nanoparticles (nano-ZnO) on growth performance, carcass quality and 
growth index of immune organs of broilers. A total of 300 one-day old 
male broilers (Ross 308) were randomly allotted to 5 treatments and 5 
replicates in a completely randomized design. Experimental diets were: 
T1) control (basal diet without Nano- ZnO) and T2, T3, T4 and T5 basal 
diet supplemented with 30, 60, 90, and 120 ppm nano- ZnO per kg, 
respectively. Birds had ad libitum access to feed and water throughout 
study (1–42 d). At 21 and 42 d, live body weight, feed intake and feed 
conversion ratio were evaluated. At 42 d of age, 5 birds (one bird per 
replicate) were selected based on proximity to mean treatment weight 
and then slaughtered. Visceral and immune organs were removed and 
relative weight calculated. Edible parts of carcass such as breast and 
thigh were removed and evaluation was performed at 42 d of study 
period. Results indicated that nano-ZnO had significantly affected on 
the live body weight and feed conversion ratio compared with control 
group (P < 0.05). Weights of edible parts of carcass were statistically 
(P < 0.05) improved by increasing organic Zn levels in the diet. Highest 
weights observed in birds fed diets contain 90 ppm nano- ZnO per kg. 
Growth index of bursa and thymus had significantly increased in birds 
fed 90 ppm nano- ZnO per kg (P < 0.05) in comparison with control and 
other treatments. In conclusion, these data indicated that in comparison 
to the control group 60 and 90 ppm nano-ZO /kg fed birds were resulted 
in significantly increased performance traits, breast and thigh weight, 
as well as increased growth index of bursa of Fabricius and thymus.

Key Words: broiler, carcass yield, zinc oxide nanoparticle, immune 
organ

23   Impact of aflatoxin B1 on broiler chicks and efficacy of an 
aluminosilicate binder to ameliorate adverse effects. X. Chen*1, N. 
Horn2, and T. J. Applegate1, 1Purdue University, West Lafayette, IN, 
2JBS United, Sheridan, IN.

A 3-wk study was conducted to evaluate the effects of graded levels 
of purified aflatoxin B1 (AFB1) source and an aluminosilicate binder, 
Engage-M, on the performance, serum biochemistry, and hepatic func-
tions in broiler chicks. A total of 384 male broiler chicks were randomly 
allocated to 8 treatments, with 8 cages/treatment (6 birds/cage). Dietary 
treatments were arranged as 4 × 2 factorial with 4 concentrations of 
AFB1 (0, 0.5, 1, and 2 mg/kg) and 2 concentrations of Engage-M (0 
and 0.5 g/kg). There was no significant interaction between AFB1 and 
Engage-M for growth performance. With regards to main effects, diets 
containing 2 mg/kg AFB1 reduced chick BW by 15.4% and 23.6% at 
14 and 21 d of age, respectively (P < 0.001). Engage-M improved d 14 
to 21 BW gain (P < 0.001), and showed a trend to improve d 0 to 21 
BW gain (P = 0.061). Relative liver weight was increased by 2mg/kg 
AFB1 (P < 0.001), which was reduced by Engage-M (P = 0.019); and 
there was a significant interaction between Engage-M and AFB1 (P = 
0.031). No significant interactions between AFB1 and Engage-M were 
found for serum biochemistry and liver anti-oxidant status parameters 
except for serum albumin and serum P (P < 0.05). With regards to main 
effects, supplementation of 1 and 2 mg/kg AFB1 to broiler chicks nega-

tively affected major serum measures including albumin, total protein, 
globulin, glucose, P, alkaline phosphatase, and creatine phosphokinase 
(CPK); Engage-M ameliorated the AFB1-induced increase of CPK 
concentrations (P = 0.039). The activity of liver superoxide dismutase 
activity was decreased by AFB1 at 2 mg/kg, which was ameliorated by 
supplementation of Engage-M (P = 0.046). Results from this study indi-
cate that AFB1 contamination at 2 mg/kg negatively affects the growth 
performance, serum biochemistry, and hepatic functions of growing 
broilers, and supplementation of Engage-M partially ameliorated in 
the impact of aflatoxicosis.

Key Words: aflatoxin B1, broiler, performance, antioxidant, serum

24   The effect of calcium lignosulfonate, mixer-added fat, and 
feed form on true amino acid digestibility and digesta viscosity. A. 
M. Corey*1, K. G. S. Wamsley2, T. S. Winowiski3, and J. S. Moritz1, 
1West Virginia University, Morgantown, 2Mississippi State University, 
Mississippi State, 3LignoTech, Rothschild, WI.

Increased ingredient price may prompt poultry integrators to use pellet 
binders to improve pellet quality and enhance broiler performance. 
Calcium lignosulfonate (CaLS) has been shown to increase pellet 
durability and improve energy efficiency during manufacture of pellets. 
Additional related industrial uses of CaLS include decreasing viscosity 
of poured concrete and stabilization of emulsions by preventing aggre-
gation. Previous studies have documented decreased feed passage rate 
and improved true amino acid digestibility (TAAD) with CaLS. The 
objectives of the current study were to evaluate the effect of CaLS, 
mixer added fat (MAF), and feed form on TAAD and digesta viscosity. 
Treatments were arranged in a 3 × 2 × 2 factorial randomized complete 
block design consisting of CaLS (0, 0.5, or 1%), MAF (1 or 3%), and 
feed form (pellet or ground pellet). Data for TAAD and digesta viscosity 
were determined using 4 replications of cecectomized roosters and 8 
replications of 23 mixed-sex broilers, respectively. A 3-way interaction 
of main effects (P < 0.05) demonstrated that pelleted diets had a negative 
effect on digestibility of several tested amino acids in diets manufactured 
with 1% MAF + 0% CaLS and 3% MAF + 1% CaLS. An interaction 
between CaLS and MAF regarding digesta viscosity (P < 0.05) was 
demonstrated by the combination of 0.5% CaLS + 3% MAF increasing 
viscosity compared with other treatments. These data corroborate past 
benefits demonstrated with CaLS in pelleted diets; however, the ratio 
of CaLS and MAF may determine the extent of benefit. The authors 
speculate that fat emulsions are formed by mechanical sheer when feed 
is extruded during pelleting. A 0.5:3 ratio of CaLS to MAF may stabilize 
the emulsion, effectively increasing the number of oil droplets in feed, 
increasing digesta viscosity and optimizing TAAD. Levels of CaLS 
and MAF that exceeded this ratio may have fluidized the digesta and 
decreased viscosity to a degree detrimental to digestibility.

Key Words: calcium lignosulfonate, mixer-added fat, digesta viscosity, 
amino acid digestibility, broiler performance

25   Efficiency of supplementing nettle for the intensification of 
egg yolk yellowness. Y. Loetscher*, M. Kreuzer, and R. E. Messikom-
mer, ETH Zürich, Switzerland.

Yolk color is an important quality trait of eggs. Plant-derived additives 
like tagetes petals are an interesting alternative to synthetic pigmentation, 
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especially in organic production. Unexpected coloring effects of nettle 
on broiler skin suggest that this plant could be a cost-efficient coloring 
agent as well. Natural additives often have effects on lipid oxidation. In 
this experiment, the effect of nettle addition to feed on yolk yellowness 
and oxidative stability was investigated in laying hens. A wheat-based, 
balanced diet was fed to forty 70-wk-old H&N Brown Nick layers. The 
exclusion of tocopherols and maize ensured low dietary antioxidant 
and pigment levels. All hens were fed the basal diet plus pigmentation 
(25ppm Carophyll Yellow and 15 ppm Carophyll Red) for 2 wk. In 
the 4-wk experimental period, the effect of 3 nettle (N) dosages (A: 
6.25, B: 12.5, C: 25 g/kg) from 2 batches (1, 2) was compared with a 
negative control (CO, basal diet only) and a positive control (PO, pig-
mentation and 40 ppm α-tocopherylacetate). Egg quality traits and yolk 
color (L*a*b* color space) were measured. Susceptibility to oxidation 
(TBARS) was evaluated in lyophilized yolk powder stored at 20°C 
in wk 0, 4, 8, and 12 of storage. ANOVA was conducted using SAS. 
Experimental feeding had no effect on the egg quality traits such as shell 
stability, egg weight, and Haugh units. Yolk yellowness (b*) was lowest 
(P > 0.05) with CO (18.3). All N treatments (ø 30.3) caused b* values 
equal to PO (29.4). Batch differences were only detected between N1B 
(24.6) and N2B (31.6). In wk 12, lipid oxidation (TBARS, mg MDA/kg) 
in egg yolk powder was highest (P > 0.05) for N1B (29.5) and lowest (P 
> 0.05) in PO (7.9) compared with CO (18.3) and intermediate values 
for all other groups (ø 17.2). Even the lowest dosage of nettle addition 
to layers feed was sufficient to intensify yolk yellowness equal to, or 
better than, synthetic pigmentation. No adverse effect on egg quality 
and lipid oxidation (except for N1B) was observed, either. Therefore, 
nettle is a suitable alternative for natural yellow pigmentation of the yolk.

Key Words: laying hen, egg yolk, natural pigment, nettle, TBARS

26   Effect of carvacrol and trans-cinnamaldehyde on Aspergillus 
flavus and Aspergillus parasiticus growth and aflatoxin production. 
H. Yin*, A. Kollanoor-Johny, M. J. Darre, and K. Venkitanarayanan, 
University of Connecticut, Storrs.

Aflatoxins (AF) are toxic metabolites produced by molds, including 
Aspergillus flavus and Aspergillus parasiticus. Contamination of poul-
try feeds with AF is a major concern for the poultry industry, due to 
serious economic losses stemming from reduced feed efficiency, egg 
production and hatchability. Additionally, owing to their carcinogenic 
and hepatotoxic effects, AF residues in meat poses a potential public 
health hazard. We investigated the inhibitory effect of 2 GRAS-status 
plant derived compounds, carvacrol (CR) and trans-cinnamaldehyde 
(TC), on A. flavus and A. parasiticus growth, and AF production in broth 
culture and chicken feed. In pure cultures, potato dextrose broth added 
with CR (0, 0.02, 0.04, and 0.08%) or TC (0, 0.05, 0.01, and 0.02%) 
was inoculated with A. flavus or A. parasiticus (~105 cfu/mL), and 
incubated at 25°C for 7 d. Samples were collected on d 0, 1, 3, 5, and 7 
to determine mold counts and AF production. Similarly, 200 g samples 
of chicken feed supplemented with CR and TC (0, 0.4, 0.8, and 1.0%) 
and inoculated with A. flavus or A. parasiticus were incubated at 25°C 
for 7 d. The mold population and aflatoxin concentrations (total AF and 
B1) were determined on d 0, 1, 5, and 7. All studies were replicated 3 
times with duplicate samples. Carvacrol and TC substantially inhibited 
A. flavus and A. parasiticus growth and AF production in broth culture 
and chicken feed (P < 0.05). Carvacrol was found to be more effective 
in reducing AF production than TC (P < 0.05). The results suggest 
that CR and TC could potentially be used as feed additives to control 
aflatoxins in poultry feed.

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

27   Evaluation of yeast cell wall products on full-term broiler 
performance in birds subjected to ingredient-based dietary stress. 
J. Fowler*1, M. Hashim1, A. U. Haq1, J. R. Corley2, and C. A. Bailey1, 
1Texas A&M University, College Station, 2LeSaffre Feed Additives, 
Milwaukee, WI.

Microflora within the ceca of birds can vary significantly based on 
changes in the ingredient composition of the diet and can influence 
overall broiler performance. This experiment evaluates whether an 
ingredient-induced dietary stress can be ameliorated by including a yeast 
cell wall extract (YCW) prebiotic at 250 ppm. A total of 960 straight-
run Cobb-500 broiler chicks were randomly distributed among 64 6’ × 
6’ floor pens (15 birds per pen). Eight dietary treatments were assigned 
to 8 pen replicates such that each treatment had equal representation 
across the rearing facility. All birds underwent a 42-d, 3-phase rearing 
program over a 3-wk starter, 2-wk grower, and 1-wk withdrawal period. 
Treatments were assigned as a 2 × 4 factorial arrangement, with major, 
ingredient-based dietary changes made on a weekly basis compared 
with a more traditional corn-soy feeding program, both with and without 
1 of 3 YCW prebiotics and a negative control. Nutrient composition 
was calculated to be the same across all treatments within each phase. 
Weekly body weight and feed consumption were collected, mortality 
was monitored daily, and a productivity index was calculated. Data 
were analyzed as a 2 × 4 full factorial with the 2 diet types and 1 of 3 
YCW products or negative control, and means of the main effects of 
YCW type were separated using Duncan’s Multiple Range Tests. Main 
effects of dietary stress had significant (P ≤ 0.05) negative effects on 
broiler performance throughout the study. There were consistent ame-
liorative effects of the YCW treatments across both the control and the 
dietary-stress groups. Effectiveness of YCW on ameliorating dietary 
stress appeared most effective during the starter and grower phases, but 
appeared less significant during the sixth week.

Key Words: broiler, prebiotic, yeast cell wall

28   Influence of yeast cell wall on hind gut microflora and early 
production laying hen performance. M. Hashim*1, J. R. Corley2, J. 
Fowler1, A. Haq1, M. Hume3, L. Koenig4, and C. Bailey1, 1Texas A&M 
University System, College Station, 2Lesaffre Feed Additive, Milwau-
kee, WI, 3USDA-ARS, College Station, TX, 4Research and Testing 
Laboratories, Lubbock, TX.

To evaluate the effects of 2 levels of yeast cell wall (YCW) on lower 
intestine microflora and performance of phase-one laying hens, a total 
of 75 Lohmann W-36 replacement pullets (17 wk old) were distributed 
among 75 cages. Diets were prepared following the management guide 
for those birds and a single basal diet was divided into the 3 treatments. 
Treatments were control basal diet, basal diet supplemented with 250 
ppm of YCW (YCW 250), and basal diet supplemented with 500 ppm 
of YCW (YCW 500). Individual birds per cage served as the experi-
mental unit for this study. Feed and water were offered ad libitum. Data 
were collected when birds were 21 wk old and hen day egg production 
was >90%. At the end of the study cecal contents were collected from 
18 birds (6 birds per treatment at 36 wk old). Denaturing gradient gel 
electrophoresis and pyrosequencing techniques were used to determine 
the gross and individual changes in the lower gut microflora. Egg weight 
was higher in YCW 250 at age 21–28 wk and higher than YCW 500 at 
age 29–32 wk with P-value ≤0.05. The DGGE dendrogram indicated 
that microflora populations of YCW 250 and control were different at 
83.9% similarity coefficient (SC) and both treatments were different 
from YCW 500 at 80.0% SC. Pyrosequencing showed the level of 
Lactobacillus genus was 36.9, 29.6, and 14.4% of the bacterial com-
munity in YCW 250, 500, and control, respectively. Overall, feeding a 
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diet supplemented with YCW improved egg weight and YCW modified 
the population of microflora in the cecum.

Key Words: prebiotic, layer, microflora, DGGE, pyrosequencing

29   Enzyme-pretreated yeast and yeast-derived products as 
potential prebiotics in broiler chickens nutrition. M. Radfar*, A. 
Rogiewicz, B. Mansoori, and B. A. Slominski, University of Mani-
toba, Winnipeg, MB, Canada.

Yeast products are rich sources of mannans, β1,3- and β1,6-glucans, 
and nucleotides, which could function as prebiotics. Moreover, DDGS 
as co-products of brewer’s yeast fermentation contain a significant 
quantity of yeast biomass (i.e., 6%). The objective of this study was 
to investigate the effects of different yeast cell wall lytic enzymes on 
mannan and β1,3-glucans depolymerization so they become water-
soluble and thus more bioactive. Different yeast products were incu-
bated with single enzymes or enzyme combinations to determine the 
degree of cell wall polysaccharides degradation. None of the enzymes 
evaluated showed any activity toward yeast mannans. However, a 
significant difference in β-1,3-glucans degradation of Yeast cell wall 
(from 303.8 to 61.2 mg/g), brewer’s yeast (from 178.4 to 60.7 mg/g), 
Torula yeast (from 100 to 13.2 mg/g), and DDGS (from 9.6 to 3 mg/g) 
was observed using β-1,3-glucan laminaripentaohydrolase. Based on the 
solubility in 80% EtOH and water, yeast β-1,3-glucans were converted 
to simple glucose, glucooligosaccharides and low-molecular weight 
glucans while mannans stayed relatively intact, yet dissociated from 
the β-glucan structure and thus water-soluble. Based on this evalua-
tion, different enzyme-pretreated yeast products, including a mixture 
of brewer’s and Torula yeasts, a commercial product Maxi-Gen Plus, 
and DDGS were produced and fed to broiler chickens from 4 to 20 d 
of age. No significant differences (P > 0.05) in BWG were observed. 
Regardless of the enzyme treatment, the decrease (P < 0.05) in FCR 
was observed for diets containing brewer’s and Torula yeasts (1.39 vs. 
1.31), and Maxi-Gen Plus (1.39 vs. 1.32). A slight decrease (P = 0.068) 
in SCFA production (from 164.3 to 144.3 μMol/g) in the ceca of birds 
consuming diets containing enzyme-pretreated yeast products was noted, 
suggesting some shift in microbial population of the lower gut. Bacteria 
enumeration is currently underway to determine any potential changes 
resulting from feeding the enzyme-treated yeast products.

Key Words: yeast product, enzyme, broiler, SCFA

30   Effects of exogenous enzymes and direct-fed microbials on 
performance, energy utilization, and body composition of broiler 
chicks. G. R. Murugesan* and M. E. Persia, Iowa State University, 
Ames.

An experiment was conducted to examine the effects of exogenous 
enzymes (EE) and direct-fed microbials (DFM) on performance, energy 
utilization, and body composition in broiler chickens. Ross 308 chicks 
were fed one of 4 experimental diets (control (CON), CON + EE, CON 
+ DFM and CON + EE + DFM) from hatch until d 21. Each group was 
comprised of 8 cages with 7 chicks per cage. One chick per cage was 
randomly euthanized for dual-energy x-ray absorptiometry analysis on d 
7, 14 and 21. On d 21, blood, and liver samples as well as cecal contents 
were collected from one randomly selected chick per cage. Feed intake 
(P < 0.05) was reduced for chicks fed EE during d 1–7. Feed conversion 
ratio (FCR) was lowered by EE and or DFM during d 1–21 (P ≤ 0.01), 
while EE reduced FCR during d 1–14. Although either EE or DFM 
lowered FCR during d 1–21, the effect of the combination was higher 
(P = 0.04) than other groups. Cecal molar proportions of propionate and 

butyrate as well as total short-chain fatty acids were increased (P ≤ 0.01) 
with DFM addition. Serum nonesterified fatty acids were decreased (P ≤ 
0.01) in treatment chicks compared with CON chicks, while triglyceride 
and cholesterol levels were lowered (P ≤ 0.01) by DFM. Liver glucose-
6-phosphate dehydrogenase (G6PDH) activity was increased (P ≤ 0.01) 
with DFM supplementation while there were no significant differences 
in the activities of glyceraldehyde-3-phosphate dehydrogenase or fatty 
acid synthase. Liver glycogen concentration was increased (P ≤ 0.01) 
with both EE and DFM addition. Chick lean mass was increased (P = 
0.01), while fat mass was reduced (P ≤ 0.01) by DFM on d 7, but not 
over the remaining period of the experiment. Elevated liver glycogen 
and G6PDH activity for DFM supplemented chicks indicate increased 
glucose-sparing which may be associated with the effect of butyrate. The 
combination of EE and DFM appear to result in an additive response 
for feed conversion from d 1–21 suggesting independent mechanisms 
involved in increasing energy utilization.

Key Words: dual-energy x-ray absorptiometry, short-chain fatty acid, 
serum cholesterol, glucose-6-phosphate dehydrogenase, glycogen

31   Administration of phytate-degrading Lactobacillus improves 
growth of broiler chicks. T. E. Askelson*, J. T. Lee, A. Campasino, 
and T. Duong, Texas A&M University, College Station.

Probiotics have been demonstrated to promote growth, stimulate immune 
responses, and improve the microbial food safety of poultry. While 
widely used, their effectiveness is mixed and the mechanisms through 
which they contribute to poultry production are not well understood. 
Phytases isolated from microorganisms are increasingly supplemented in 
feed to improve digestibility and reduce anti-nutritive effects of phytate. 
The microbial origin of these enzymes suggests a potentially important 
mechanism of probiotic functionality. Our objective was to investigate 
phytate degradation as a novel probiotic mechanism using recombinant 
Lactobacillus cultures expressing Bacillus subtilis phytase. B. subtilis 
phy was codon optimized for expression in Lactobacillus and cloned into 
the expression vector, pTRK882. The resulting plasmid, pTD003, was 
transformed into Lactobacillus acidophilus, Lactobacillus gallinarum, 
and Lactobacillus gasseri. SDS-PAGE revealed an approximately 44 
kDa protein in the culture supernatants of Lactobacillus pTD003 trans-
formants corresponding to the predicted molecular weight of B. subtilis 
phytase. The phytate degrading ability of these cultures was evaluated 
by determining the amount of inorganic phosphate released from sodium 
phytate. Expression of B. subtilis phytase increased phytate degradation 
of L. acidophilus, L. gasseri, and L. gallinarum 4-, 10-, and 18-fold over 
the background activity of empty vector transformants. The effect of 
administration of recombinant phytase-expressing L. gallinarum and 
L. gasseri was evaluated in broiler chicks fed a phosphorous deficient 
diet (0.25% aP). Phytase-expressing L. gasseri improved weight gain 
(P < 0.05) of broiler chickens to a level comparable to chickens fed a 
phosphorous adequate control diet (0.40% aP) demonstrating proof-
of-principle that administration of phytate-degrading probiotic cultures 
can improve performance of livestock animals. Additionally, this will 
inform future studies investigating whether probiotic cultures are able 
to combine the performance benefits of feed enzymes with the animal 
health and food safety benefits traditionally associated with probiotics.

Key Words: Lactobacillus, probiotic, phytate, phytase

32   A commercial study comparing the effects of antibiotic and 
direct-fed microbial supplementation on gut lactic acid bacteria 
populations in turkeys. A. J. Madisen*1, J. C. Remus2, S. Dunham1, 
E. Davis1, and D. Petri1, 1Animal and Environmental Applications, 
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DuPont Nutrition and Health, Waukesha, WI, 2Danisco Animal Nutri-
tion, DuPont Industrial Bioscience, St. Louis, MO.

Lactic acid producing bacteria (LAB) such as Lactobacillus and Entero-
coccus can be beneficial for poultry. With the use of a specific 3-strain 
Bacillus subtilis based direct-fed microbial (DFM), the microbial 
ecosystem can be shifted toward these beneficial bacteria, especially 
those of the Lactobacillus genera, a commensal bacterial group with 
numerous beneficial species and no known pathogenic representative. 
A study was conducted with a commercial integrator to evaluate the 
differences in the gastrointestinal microbiota of commercially raised 
turkeys administered different feed additives. In a 2 × 2 arrangement of 
treatments, factor dietary treatments using a basal diet with either 0.05% 
Bacillus subtilis-based DFM or 0.002% virginiamycin (antibiotic growth 
promoter; AGP) were fed and compared over factor time during the 
starter and finisher/withdrawal (F/WD) phases. The basal diet included 
bacitracin methylene disalicylate at 0.005% during the starter phase. For 
the 2 feed phases, small intestine mucosa was collected from birds in 
both production phases, including 18 samples each between 2 and 6 wk 
of age (starter phase) and 11 and 15 wk of age (F/WD phase). Total LAB 
counts in the intestinal mucosae of birds did not differ (P > 0.40) between 
production phases or dietary additives. The proportion of Lactobacillus 
relative to the total LAB population was greater (P < 0.05) when birds 
were fed diets with DFM compared with birds fed diets containing AGP 
during the starter phase; however no differences were seen between 
dietary treatments during the F/WD phase (diet × phase interaction, P 
< 0.05). Inversely, the proportion of Enterococcus relative to the total 
LAB population was lower (P < 0.05) in birds fed the DFM compared 
with AGP in the starter phase, but no difference was observed during 
the F/WD phase (diet x phase interaction, P < 0.05). Results from this 
study indicate that the inclusion of the DFM shifted the gastrointestinal 
LAB population toward enhanced Lactobacillus populations and fewer 
Enterococcus during the starter phase of production.

Key Words: virginiamycin, Bacillus probiotic, Lactobacillus, turkey

33   Effects of exogenous enzymes and direct-fed microbials sup-
plementation on first-cycle laying hen performance, energy digest-
ibility, gut integrity and pathogen colonization. G. R. Murugesan1, 
I. V. Wesley2, J. Remus3, P. W. Plumstead3, and M. E. Persia*1, 1Iowa 
State University, Ames, 2USDA-National Animal Disease Center, 
Ames, IA, 3DuPont Industrial Biosciences-Danisco Animal Nutrition, 
Marlborough, United Kingdom.

Corn-soybean meal (SBM)-dried distillers grains with solubles (DDGS) 
based diets were used to generate experimental diets including an 
industry type control (CON), the same diet with reduced energy (RE), 
RE + exogenous xylanase, amylase, and protease enzymes (XAP), and 
RE + XAP + a combination of spores from 3 Bacillus spp. direct-fed 
microbial strains (XAP+DFM) that were fed to Hy-Line W36 laying 
hens from 25 to 40 wk of age. The RE diet was formulated to contain 
a 100 kcal/kg reduction in ME compared with the CON diet. Each diet 
was fed to 8 replicate groups of 9 hens in a completely randomized 
design. Supplementation of XAP+DFM increased AMEn compared 
with RE at wk 36 (P = 0.09), wk 38 (P ≤ 0.01) and wk 40 (P = 0.03) by 
an average of 116 kcal/kg. At the end of the experimental period, ileal 
morphology, nutrient flux and mucin (MUC2) mRNA expression were 
determined from one randomly selected hen per replicate group. Colon 
trans-epithelial electrical resistance (TER) and endotoxin permeability 
co-efficient (Papp) were measured using one randomly selected hen per 
replicate group for the XAP and XAP+DFM groups. No significant dif-
ferences were found in ileal morphology, but XAP increased the active 
transport of d-glucose and l-lysine (P ≤ 0.01). The Bacillus spp. direct-

fed microbials increased ileal MUC2 mRNA expression and colon TER, 
while decreasing Papp (P ≤ 0.01). Colonization of Campylobacter spp. 
in the colon was reduced with the addition of the Bacillus spp. direct-
fed microbials (P ≤ 0.05). These results indicate that, energy utilization 
was increased with exogenous XAP and XAP+DFM, while the Bacillus 
spp. direct-fed microbials increased gut barrier function and lowered 
pathogen colonization. Addition of these additives to corn-SBM-DDGS-
based diets may improve gut health and energy utilization of laying hens.

Key Words: nutrient transport, trans-epithelial electrical resistance, 
MUC2, LPS, campylobacter

34   The efficacy of Bacillus subtilis (QST 713) in broiler chickens 
when used in combination with bacitracin or tylosin for treatment 
of necrotic enteritis. G. B. Tactacan*, J. K. Schmidt, M. J. Miille, and 
D. R. Jimenez, AgraQuest Inc. (a Bayer CropScience company), Win-
nipeg, MB, Canada.

Oral antibiotic therapy can lower the number and growth of beneficial 
microbes in the digestive tract. When administered to animals, a certain 
proportion of beneficial microbes becomes disrupted leading to vulner-
ability of the gut to colonization of pathogenic microorganisms. The 
addition of probiotics in the diet can help assist in the replenishment 
of beneficial microbes and help bring the intestinal microflora to a bal-
anced state. A study in broiler chickens was conducted to look at the 
efficacy of Bacillus subtilis (QST 713) when used in combination with 
Bacitracin or Tylosin for treatment of necrotic enteritis (NE). A total of 
396 day-old male broiler chicks were randomly assigned to receive 1 
of 6 treatments: 1) basal diet (control), 2) basal + Bacitracin (50 ppm), 
3) basal + QST 713 (106 cfu/g), 4) basal + Bacitracin (25 ppm) + QST 
713 (5x105 cfu/g), 5) basal + Bacitracin (50 ppm) + QST 713 (106 
cfu/g), 6) basal + Tylosin (200 ppm) + QST 713 (106 cfu/g). A RCBD 
was used with 6 treatments in each of 11 blocks of pens with each pen 
consisting of 6 birds. Data were subjected to ANOVA using the PROC 
Mixed procedure of SAS. Feeding QST 713 alone or in combination with 
Bacitracin or Tylosin, increased (P < 0.05) body weight gain compared 
with the control. However, QST 713 (1010 cfu/g) plus Bacitracin (50 
ppm), increased body weight gain (P < 0.05) compared with birds fed 
QST 713 alone. QST 713 improved FCR (P < 0.05) compared with the 
control, but was not significant (P > 0.05) compared with birds fed QST 
713 plus Bacitracin or Tylosin. Overall, this study indicated that QST 713 
alone or in combination with therapeutic levels of Bacitracin or Tylosin 
can help optimize the growth performance and FCR of broiler chickens 
infected with NE. QST 713 can therefore be used in conjunction with 
conventional antibiotics to help mitigate the adverse effects of NE in 
the production performance of broiler chickens.

Key Words: Bacillus subtilis (QST 713), bacitracin, tylosin, necrotic 
enteritis, broiler

35   Comparative evaluation of probiotics and salinomycin 
effects on performance and coccidiosis control in broiler chickens. 
W. Abdelrahman*1, M. Mohnl1, K. Teichmann2, B. Doupovec1, G. 
Schatzmayr2, R. Windham3, B. Lumpkins4, and G. Mathis4, 1Biomin 
Holding GmbH, Herzogenburg, Austria, 2Biomin Research Center, 
Tulln, Austria, 3Biomin USA Inc., San Antonio, TX, 4Southern Poultry 
Research, Athens, GA.

Annual financial loss to the poultry industry as a result of coccidiosis 
has been estimated to circa 3 billion USD, which is mainly due to in-
feed medications and the disease impact on birds’ health. The objective 
of this study was to evaluate and compare the effects of probiotics and 
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salinomycin as feed additives on performance and coccidiosis control in 
male broilers raised to 42 d of age. The study consisted of 360 Cobb male 
broiler chickens randomly allocated to 4 groups each with 3 replicates. 
Group 1; untreated, unchallenged “control negative,” group 2; untreated, 
challenged “control positive,” group 3; salinomycin 66 PPM, challenged 
and group 4; probiotics, challenged. On d 15, all birds (except group 
1) were challenged with Eimeria acervulina, maxima, and tenella that 
were mixed into the feed. FCR and mortality were recorded throughout 
the experiment. On d 21 and 42, coccidiosis lesions and litter conditions 
were scored. On days, 7, 14, 21, 28, 35, and 42, 10 fresh fecal samples 
were collected, pooled and oocyst counts per gram of fecal material 
were determined. The results showed that mortality, litter and lesion 
scores at d 21 and 42, and oocysts shedding at d 21 did not differ sig-

nificantly (P > 0.05) between the probiotics and the salinomycin groups. 
However on d 28, oocyst shedding was significantly lower (P < 0.05) 
in the salinomycin group than the control positive but insignificantly 
lower than the probiotics group. Body weights of the probiotics group 
at d 42 were significantly lower (P < 0.05) than the salinomycin group; 
however, the FCR values were not significantly different between the 
2 groups (P > 0.05). The results of this study showed that probiotics 
supplementation can be considered as a potential strategy to control 
coccidiosis in broiler chickens.

Key Words: probiotic, salinomycin, coccidiosis, broiler, performance
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Metabolism and Nutrition: Nutrition I

36   The utilizable energy contents of wheat distillers dried grains 
with solubles for turkeys without or with supplementation of xyla-
nase, amylase and protease using regression method. A. Adebiyi* 
and O. Olukosi, Scottish Rural University College, Edinburgh, United 
Kingdom.

The utilizable energy content of wheat distillers dried grains with 
solubles (wheat-DDGS) without or with supplementation of enzyme 
containing xylanase, amylase and protease (XAP) activities was deter-
mined for turkeys using linear regression method. A total of 126 BUT 
10 male turkeys were fed a nutrient-adequate starter diet from d 1 to 
14. On d 14, the birds were assigned to 6 dietary treatments consisting 
of 3 levels of wheat-DDGS (0, 300, or 600 g/kg) and 2 levels of XAP 
(0 or 250 mg/kg of diet) in a randomized complete block design with 
7 replicate pens and 3 birds per replicate pen. The diets were fed for 
7 d. Energy-yielding ingredients in the wheat-soybean meal reference 
diet were replaced by wheat-DDGS in a way that their ratios were the 
same across all the diets. Grab excreta samples were collected from 
each pen from d 18 to 20 to determine the AME of the diet by the index 
method. The AME or AMEn of wheat-DDGS was determined from the 
slope of regression of wheat-DDGS-associated energy intake (kcal) 
against wheat-DDGS intake (kg). Increasing the dietary inclusion of 
wheat-DDGS from 0 to 600 g/kg of the diet linearly decreased (P < 
0.05) dry matter retention and total tract energy retention, irrespective 
of XAP supplementation. There were wheat-DDGS × XAP interactions 
(P < 0.05) on dietary AME and AMEn. Dietary AME and AMEn values 
decreased linearly (P < 0.05) as the level of wheat-DDGS increased 
in the diets without XAP, whereas there was no effect of increasing 
wheat-DDGS level on dietary AME or AMEn in XAP-supplemented 
diets. From the regression analysis, the ME values (kcal/kg DM) of 
wheat-DDGS without and with supplemental XAP were 3,355 and 3,558, 
respectively. Corresponding MEn values (kcal/kg DM) were 3,109 and 
3,294, respectively. Enzyme supplementation increased (P > 0.05) both 
the ME and MEn of the wheat-DDGS by 6 percent. It was concluded 
from the current study that the wheat-DDGS is a valuable source of ME 
for turkeys and that XAP supplementation can further increase energy 
availability from the feedstuff.

Key Words:  wheat-DDGS, metabolizable energy, enzyme 
supplementation

37   Prediction equations for apparent metabolizable energy of 
corn distillers dried grains with solubles determined in broiler 
chicks from 10 to 18 days of age. K. J. Meloche*1, B. J. Kerr2, G. 
C. Shurson3, and W. A. Dozier III1, 1Auburn University, Auburn, Ala-
bama, 2USDA-ARS National Laboratory for Agriculture and the Envi-
ronment, Ames, IA, 3University of Minnesota, St. Paul.

The ethanol industry has been extracting 2 to 6% corn oil from corn 
distillers dried grains with solubles (DDGS) as a strategy to generate 
additional revenue through the production of crude corn oil. As a result, 
the AMEn value of reduced oil DDGS may be decreased by as much 
as 300 to 600 kcal/kg. An experiment was conducted to examine the 
nutrient composition of DDGS to develop prediction equations for 
AMEn in broilers. Fifteen samples of DDGS ranging in ether extract 
(EE) from 3.15 to 13.23% (DM-basis) were collected from various dry 
milling plants and were subsequently fed to broiler chicks to determine 
AMEn. A corn-soybean meal control diet was formulated to contain 

15% dextrose, and test diets were created by mixing the control diet 
with 15% DDGS at the expense of dextrose. A total of 1,344 male Ross 
× Ross 708 chicks housed in battery grower cages (7 birds/cage; 0.06 
m2/bird) was randomly assigned to 16 dietary treatments (12 replicate 
pens per treatment). Broilers were fed experimental diets from 10 to 
16 d of age, followed by a 48 h total excreta collection period. On a 
DM-basis, AMEn of the 15 DDGS samples ranged from 1,869 to 2,824 
kcal/kg. Analyses were conducted to determine the gross energy (GE), 
CP, EE, moisture, starch, total dietary fiber (TDF), neutral detergent 
fiber (NDF), acid detergent fiber (ADF), and ash content of the DDGS. 
Stepwise regression resulted in the following best-fit equation for AMEn 
(DM basis): AMEn, kcal/kg = –12,282 + (2.60 × GE) + (89.75 × CP) + 
(125.80 × starch) – (40.67 × TDF) (R2 = 0.90; SE = 98.76; P ≤ 0.0001). 
Ether extract did not enter the model as a significant predictor of AMEn. 
These results indicate that the composition of DDGS may be used to 
generate prediction equations for AMEn in broiler chicks.

Key Words: broiler, distillers dried grains with solubles, metabolizable 
energy, prediction equations, fiber

38   Effect of dietary cereal grain on different male line broiler 
crosses. A. G. C. DesLauriers*, M. J. Zuidhof, and D. R. Korver, Uni-
versity of Alberta, Edmonton, AB, Canada.

In many regions worldwide, wheat replaces corn as the main cereal in 
commercial broiler diets. Different broiler lines may respond differently 
to inclusion of wheat in the diet. Growth and yield differences were 
observed in response to a 2 × 2 factorial arrangement of treatments, with 
corn- and wheat based-diets fed to chicks from Ross 708 hens bred to 
either a North American (NA ML) or a European (EU ML) male line. 
It was hypothesized EU ML birds fed wheat-based diets would have 
higher growth and yield performance relative to the NA ML. Broilers 
were obtained from 43 wk old Ross 708 commercial females crossed to 
a NA ML or a EU ML. Broilers (n = 1,600) were randomly assigned to 
corn- or wheat-based diets. Broilers were allocated into 16 pens with 4 
replicate pens per treatment of 100 birds with a stocking density of 14.55 
birds/m2. Group BW and feed intake were measured at 0, 10, 25, and 
35 d and FCR calculated. At 35 d of age, 288 broilers were processed 
to collect Pectoralis major and minor, thigh, drum, wing and fatpad 
weights. Differences were reported as significant at P ≤ 0.05. Total 
breast muscle yield was higher in the corn treatment than the wheat 
treatment (22.5% and 19.2%, respectively). Thigh yield (10.8%) was 
lower in the EU ML group fed corn than all other treatments, which 
ranged from 11.4% to 11.8%. All treatments had similar FCR, averaging 
1.84. Wheat-fed birds had lower overall BW compared with corn-fed 
birds from 10 to 35 d of age (1,995 and 2,304 g at 35 d, respectively). 
The NA ML group fed wheat had 12.20% lower BW at 35 d than NA 
ML group fed corn (2,093 and 2,347 g, respectively); and lower total 
breast yield (20.5% and 23%, respectively). The EU ML group fed wheat 
had lower BW at 35 d than EU ML group fed corn (1,896 g and 2,260 
g, respectively); lower fat-pad, and lower total breast yield (17.9% and 
21.9%, respectively); but 0.76% higher wing yield. Yield differences 
were greater due to cereal type than due to male strain. Overall the EU 
ML group did not have higher growth and yield performance on wheat-
based diets than the NA ML group.

Key Words: broiler, wheat, corn, performance, yield
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39   Effect of adding phytase to low phytate and normal phytate 
SBM diets on male broiler performance and gizzard weight. B. M. 
Nusairat*, C. R. Stark, and J. Brake, Prestage Department of Poultry 
Science, North Carolina State University, Raleigh.

This study evaluated the effects of phytase in diets containing Normal 
Phytate (NP) versus Low Phytate (LP) soybean meal (SBM) on BW, 
feed intake (FI), and adjusted FCR (AdjFCR) of broilers grown to 35 d 
of age. A total of 512 Ross 708 male broiler chicks were assigned to 32 
pens in 4 blocks with 16 birds per pen. From 1 to 9 d, corn-SBM diets 
either with or without phytase were fed to 16 pens per diet. From 10 
to 35 d, a 2 × 2 factorial arrangement of SBM type (LP and NP SBM) 
and phytase addition (with and without) with 8 pens per diet was used. 
Birds and feed were weighed at 9, 22, and 35 d of age and 3 birds per 
pen were necropsied at both 22 and 35 d of age to determine gizzard 
weight. Data from 10 to 35 d were analyzed as a randomized complete 
block design. From 10 to 22 d FI decreased when phytase was added to 
the LP SBM diet (1,103 versus 1,054 g) but no decrease was observed 
in birds fed NP SBM with added phytase and treatments did not affect 
BW and AdjFCR. A similar decrease in FI was observed from 23 to 35 d 
when phytase was included in the LP diets. Broiler BW was decreased by 
phytase in the LP SBM diet (2,183 versus 2,034 g) at 35 d but increased 
when phytase was added to the NP SBM diet (2,249 versus 2,094 g). The 
AdjFCR was improved by phytase addition to the NP SBM diet (1.64 
versus 1.78 g:g) but was poorer for birds fed the LP SBM diet (1.84 
versus 1.71 g:g). Phytase decreased gizzard weight of birds consuming 
LP SBM compared with other combinations at 22 d but was comparable 
among SBM phytase combinations at 35 d. Results demonstrated that 
phytase significantly improved live performance in broilers fed diets 
formulated with NP SBM. Reduced gizzard weight in birds consuming 
LP SBM with phytase at 22 d could be causally related to the poorer 
subsequent performance of these broilers and/or there could have been 
a negative effect of intestinal calcium and phosphorus balance in the 
LP SBM environment.

Key Words: broiler, normal phytate SBM, low phytate SBM, phytase

40   Improving the safety of food and feed from low quality 
grains using a novel grain sorting technology. M. Kautzman*1, J. 
Smillie1, M. Mostrom2, M. Wickstrom1, and T. Scott1, 1University of 
Saskatchewan, Saskatoon, SK, Canada, 2North Dakota State Univer-
sity, Fargo.

Current grading standards of grains in Canada are based on visual 
grading of the physical characteristics. An increasingly common cause 
of downgrading is the incidence of Fusarium damaged kernels (FDK). 
This physical damage is attributed to Fusarium, a fungus which devel-
ops under favorable environmental conditions and infection can cause 
lower crude protein (CP) deposition. Incidence of FDK > 0.25% will 
lower the grade, with a tolerance of 5% FDK for export feed grain. 
During infestation, the fungi can produce a variety of mycotoxins, the 
most common being deoxynivalenol (DON). It is well recognized that 
Near Infrared Reflectance (NIR) can accurately predict CP of whole 
grain. Our objective is to evaluate the capacity of this new technology 
to sort individual wheat, barley or durum kernels for FDK based on CP. 
During calibration a sample of kernels are scanned, the distribution of 
CP established and 10% increments of grain from the distribution curve 
are produced for validation of actual CP values. Each fraction was ana-
lyzed to determine the concentrations of 16 common mycotoxins. Five 
FDK wheat samples of unsorted grain contained levels of FDK ranging 
from 1.4 to 7.6%, associated concentrations of DON varied from 0.9 
to 8.4ppm and CP, from 12.7 to 15.4%. Based on preliminary sorting, 
the lowest 20% CP kernels had the highest incidence of FDK and DON 

and the remaining 80% of the material was substantially reduced. The 
correlation between FDK and DON was significant (P < 0.0001, r2 = 
0.62) but not between FDK and CP (P = 0.26, r2 = 0.06) or DON and 
CP (P = 0.09, r2 = 0.14). There does seem to be some inconsistency in 
the ability to eliminate all FDK and mycotoxins between grain sources; 
however, these appear to be related to specific sources of damaged grain. 
These results suggest the opportunity to increase safety and value of 
Fusarium downgraded grain.

Key Words: fusarium, deoxynivalenol, near infrared reflectance, crude 
protein, wheat

41   Effect of particle size and inclusion level of distillers dried 
grains with solubles (DDGS) and pellet quality on growth perfor-
mance and gastro-intestinal (GIT) development of broilers. W. J. 
Pacheco*, A. C. Fahrenholz, C. R. Stark, P. R. Ferket, and J. Brake, 
Department of Poultry Science, North Carolina State University, 
Raleigh.

distillers dried grains with solubles (DDGS) is a competitive ingredient 
in least-cost poultry feeds, but dietary inclusion is often limited because 
of its adverse effects on pellet quality and nutrient digestibility. Dietary 
inclusion of coarse ground particles of feed ingredients can alter GIT 
development, nutrient digestion, and broiler performance. The objective 
of this study was to evaluate the effect of particle size and inclusion 
level of DDGS, and pellet fines on broiler live performance and GIT 
development. A total of 2,304 male broilers were randomly distributed 
among 12 treatments with 6 replicate pens per treatment consisting of a 
2 × 2 × 3 factorial arrangement of DDGS particle grind sizes (350 and 
700 µm), DDGS inclusion levels (15 and 30%), and pellet fines levels 
(0, 25, and 50%). The starter diets were fed in crumbled form and the 
grower and finisher diets in pelleted form. Feed consumption and BW 
were determined at 14, 35, and 42 d of age and adjusted feed conver-
sion ratio (AdjFCR) was calculated by including mortality weights. 
Gizzard and proventriculus were collected at 42 d of age. Birds fed 350 
µm DDGS exhibited greater BW at 42 d than birds fed 700 µm DDGS 
(P < 0.05). Birds fed pellets with no fines had greater 35 and 42 d BW 
than birds fed 50% fines (P < 0.05). Birds fed 30% DDGS had poorer 
AdjFCR (P < 0.05) at 42 d than birds fed 15% DDGS. Birds fed 30% 
DDGS had greater proventriculus weight (P < 0.05) than birds fed 15% 
DDGS. In contrast, gizzard weight was only affected by particle size 
and pellet fines. Birds fed 700 µm DDGS had greater gizzard weight 
(P < 0.05) than birds fed 350 µm DDGS. Additionally, the birds receiv-
ing no fines in the feed had smaller gizzards as compared with birds 
receiving 25% or 50% fines (P < 0.05). The results of this experiment 
indicated that birds performed better when fed 350 µm DDGS with no 
fines in the pelleted feed.

Key Words: particle size, DDGS, pellet quality, gizzard, proventriculus

42   Broiler diet formulation using algae biomass based on digest-
ible nutrient content. A. M. Evans*1, D. L. Smith2, and J. S. Moritz1, 
1West Virginia University, Morgantown, 2Eastern New Mexico Univer-
sity, Portales.

Crude oil prices have influenced the development of next generation 
alternative fuel sources. Algae is a leading candidate as an alternative 
fuel due to its short growing cycle, lack of requirement for arable land 
or potable water, and photosynthetic efficiency. The extraction of oil 
from algae for fuel generates a co-product, algae biomass, that when 
dried, has potential as a feed ingredient. The objectives of the current 
study were 1) to determine true metabolizable energy (TMEn) and true 
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amino acid digestibility (TAAD) of algae biomass and 2) incorporate 
this ingredient into Cobb 500 broiler starter diets. Algae biomass, corn, 
and a 50% mix of the 2 were precision fed to intact and cecectomized 
Single Comb White Leghorn Roosters with 6 replications per treatment 
to determine TMEn and TAAD, respectively. All treatments differed 
for TMEn and TAAD (P < 0.0001). Algae biomass had approximately 
90% of the metabolizable energy of corn. The crude protein content of 
algae biomass was 59% and digestible essential amino acids were at 
least 10% greater than corn. Algae biomass metabolizable energy was 
determined to be 3,139 kcal/kg and the digestible methionine, cysteine, 
lysine, and threonine coefficients were determined to be 1.07, 0.42, 
2.10, and 1.97, respectively. Algae biomass was also analyzed for total 
calcium and phosphorus and these values were adjusted to 90 and 33% 
availability, respectively. Commercial levels of nutrients for Cobb 500 
broilers were used to formulate a series of diets to test the practicality 
of algae biomass as a feed ingredient. Based on metabolizable energy, 
digestible amino acids, and calculated mineral availabilities a starter 
diet containing up to 21% algae biomass was successfully formulated.

Key Words: algae biomass, rooster, true amino acid digestibility, diet 
formulation, true metabolizable energy

43   The effects of wheat supplementation to corn and soybean 
meal based diets on the manufacture of pellets and subsequent 
turkey performance. J. W. Boney*, A. E. Lamp, and J. S. Moritz, 
West Virginia University, Morgantown.

Corn price and benefits associated with pelleting may encourage wheat 
supplementation in turkey diets. The objectives of this study were to 
describe the manufacture effects of corn and soybean meal based diets 
with and without supplemented wheat and to assess turkey performance 
when these diets were fed. The wheat source was a hard winter variety 
with an analyzed crude protein level of 10% and a calculated neutral 
detergent and acid detergent fiber percentage of 9 and 3 respectively. 
Wheat was included at 15% of the formulation using calculated nutrient 
values to meet poult requirements. Dietary nutrient values were calcu-
lated to be similar between the wheat supplemented diet and corn and 
soybean meal diet. Pellets were conditioned at 79°C for 10 s, extruded 
through a 4.7 × 38 mm die, and crumbled before poult feeding. A coated 
phytase was added at the mixer and a multi-enzyme preparation was 
added post pelleting for both diets. Eight replicate pens of 80 male 
Hybrid Converter poults were fed either the wheat supplemented diet or 
corn and soybean meal based diet for 6 weeks. The wheat supplemented 
diet increased pellet mill motor amperage by 5%, hot pellet temperature 
by 0.6°C, and production rate by 2% relative to the corn and soybean 
meal based diet. Wheat inclusion increased pellet durability by 4% or 3.5 
percentage points and improved the percent crumbles retained on a no. 
6 Tyler sieve (3.35 mm) by 20%. The average particle size of the wheat 
supplemented diet crumbles was 18% greater compared with the corn 
and soybean meal based diet crumbles (2116 vs. 1796 µm, respectively). 
Poult feed intake, weight gain, feed conversion ratio, and mortality 
percentage were not affected due to dietary treatment (P < 0.05).

Key Words: wheat, feed manufacture, poult performance, pellet dura-
bility, particle size

44   Effect of dried distillers grains with solubles and wheat bran 
on broiler and layer chick performance, energy and fiber digest-
ibility. M. Walugembe*, M. F. Rothschild, and M. E. Persia, Iowa 
State University, Ames.

The recent increases in the prices of corn and oil have led to an increase 
in the use of dietary fiber in poultry rations to reduce feed costs. An 
experiment was conducted in a 2 × 2 factorial arrangement of treatments 
to evaluate the effects of feeding high and low fiber diets on the perfor-
mance of chickens bred for egg production and meat production. The 
low fiber diet was based on corn-soybean meal (SBM) and the higher 
fiber diets were formulated using corn-SBM-distilled dried grains with 
solubles (DDGS) and wheat bran. The higher fiber diet contained 6% 
DDGS and 6%wheat bran from 1 to 12 d of age and 8% DDGS and 
8% wheat bran from 12 to 21 d of age. The 2 strains of chicks, broil-
ers and layers, were randomly assigned to experimental diets with 11 
replicate cages per treatment. The evaluation criteria consisted of body 
weight gain, feed intake, feed conversion, nitrogen corrected appar-
ent metabolizable energy (AMEn), and neutral detergent fiber (NDF) 
digestibility. Higher fiber inclusion reduced broiler chick weight gain 
but had no effect on layer chick weight gain resulting in an interaction 
(P ≤ 0.05). There were no significant differences in AMEn between 
either strains or dietary fiber concentrations although layer chicks had 
increased NDF digestibility in comparison to broiler chicks, regardless 
of dietary fiber (P ≤ 0.05). Increased fiber concentration also resulted 
in significant ileal and total tract NDF digestibility (P ≤ 0.05). These 
differences in performance and digestibility may be related to feed 
intake and passage rate differences between the strains and suggest that 
layer chicks may be able to better utilize feedstuffs higher in fiber in 
comparison to broiler chicks.

Key Words: dietary fiber, layer, broiler, performance

45   Nutritional evaluation of canola meals produced from new 
varieties of canola seeds. C. Parr*, X. Chen, and C. Parsons, Univer-
sity of Illinois, Urbana.

Nine new varieties of test canola meal (CM) were evaluated and com-
pared with conventional canola meal (Conv CM). Results showed that 
the test CMs had higher levels of crude protein and AA in comparison 
to the Conv CM. All of the test CMs also had lower fiber values as mea-
sured by acid detergent fiber and neutral detergent fiber. Precision-fed 
rooster assays were conducted to determine true metabolizable energy 
(TMEn) of the CMs wherein roosters were tube-fed 30 g of CM and 
excreta were collected for 48 h post-feeding. When TMEn values of the 
test CM were compared with Conv CM, all of the test CMs had higher 
values than the Conv CM (P < 0.05). Precision-fed cecectomized rooster 
assays were then conducted to determine standardized AA digestibility 
in the CMs. Standardized AA digestibility values for most of the test 
CM were higher than those for the Conv CM (P < 0.05) and the test 
CM contained much higher levels of digestible AA than the Conv CM 
due to their higher protein and AA content. The results of this study 
indicate that canola meals from the new varieties of canola seeds have 
increased TMEn and digestible AA levels for poultry when compared 
with Conv CM.

Key Words: canola meal, true metabolizable energy, amino acid, 
precision-fed rooster assay, poultry

46   Performance, health and tissue weights of broiler chickens 
fed graded levels of hairless hulled yellow and brown canary seed. 
H. L. Classen*1, M. Cho1, P. Hucl1, S. Gomis1, and C. A. Patterson2, 
1University of Saskatchewan, Saskatoon, SK, Canada, 2Pathfinders 
Research and Management Ltd., Canada.

Canary seed (Phalaris canariensis L.) is not registered as a feed ingredi-
ent in Canada and research is required to confirm its efficacy and safety 
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in animal feeding. Research examined the effects of dietary levels (0, 
15, 30 and 45%) of yellow (C05041) and brown (CDC Maria) canary 
seed on the performance and health of broiler chickens. Eight (6 birds 
each) and 5 (4 birds each) replications per treatment were used from 
0 to 21 and 22 to 35 d (d) of age, respectively. Statistical analyses for 
growth performance and cause of mortality (0 to 21 and 22 to 35 d) 
and organ weights (35 d) were completed using SAS version 9.2 using 
Proc Mixed as a 4 × 2 factorial arrangement. Proc Reg of SAS version 
9.2, linear and quadratic regression analyses, were used to define the 
effect of canary seed level. Growth rate and feed intake were affected 
in a quadratic manner by canary seed level from 0 to 21 d with highest 
growth achieved by 15 and 30% treatments, but these response criteria 
were not affected from 22 to 35 d. Feed to gain ratio decreased linearly 
with increasing canary seed for both 0–21 and 22–35 d time periods. 
Mortality was not affected by level of canary seed. Birds fed the C05041 
cultivar died more (primarily from yolk sac infection) than did birds 
fed CDC Maria from 0 to 7 d of age, but there was no effect of cultivar 
from 7 to 35 d of age. Level of canary seed affected jejunum, kidney 
and bursa of Fabricius proportional weights in a quadratic manner with 
no differences between the 0 and 45% treatments; cultivar did not affect 
the weights of these organs. On a percentage of live weight bases, level 
and cultivar of canary seed did not affect carcass, gizzard, ileum, heart, 
liver and spleen weights. No interactions were found between dietary 
level and cultivar of canary seed. Treatment did not affect gross necropsy 
at trial end or histopathology of key organs. Yellow and brown hairless 
canary seed has nutritional merit and is safe for animal feeding.

Key Words: canary seed, feed, growth, health, chicken

47   The effects of varying levels of dietary raffinose and stachy-
ose on the virulence of Clostridium perfringens in broiler chickens. 
E. McMillan, D. Toole, G. Page, and M. Yegani*, Nutreco Canada, 
Guelph, ON, Canada.

Diet composition is known to influence the occurrence and severity of 
necrotic enteritis (NE) caused by Clostridium perfringens (CP). Raf-
finose (RF) and stachyose (ST), anti-nutritional factors present in large 
quantities in soybean meal, are poorly digested in chickens, but have 
been cited as preferential energy sources for CP. Reducing the level of 
these carbohydrates in the diet may be associated with the lower occur-
rence of NE in broilers. The objective of this study was to investigate 
if the presence of varying levels of these compounds, derived from 
different soybean meal varieties, can have any impact on NE in broiler 
chickens in a NE disease challenge model. Ross 708 male broiler chicks 
(1,152) were assigned to 64 pens (18 birds per pen) in a completely 
randomized block design with a factorial arrangement of 2 diets (low 
or high levels of RF and ST) and 7 strains of CP in a 24-d study. In the 
pre-challenge period (d 0–14), feeding a low RF and ST diet significantly 
reduced feed intake (P = 0.006) and improved FCR (P < 0.001), with 
no impact on average daily gain (P = 0.35). However, low RF and ST 
levels had no effects on performance variables post-challenge (d 14–24, 
P > 0.20) or overall (d 0–24, P > 0.12). Dietary levels of RF and ST had 
no effects on NE lesion scores (P = 0.17) or mortality (NE-related or 
total mortality, P > 0.73). The present results indicate that using low RF 
and ST soybean meal is of limited benefit in reducing NE severity in a 
challenge model, but may improve production performance of broiler 
chickens under non-challenge conditions.

Key Words: necrotic enteritis, Clostridium perfringens, raffinose and 
stachyose, lesion score, broiler chicken

48   Influence of source and level of glycerin in the diet on growth 
performance, liver characteristics, and nutrient digestibility in 
broilers from 1 to 21 days of age. H. A. Mandalawi1, M. V. Kimiaeit-
alab1, V. Obregón2, D. Menoyo1, and G. G. Mateos*1, 1Universidad 
Politécnica de Madrid, Madrid, Spain, 2Bio-Oils Huelva, S.L., Huelva, 
Spain.

In total, 630 one-day-old Ross-308 chicks were used to study the influ-
ence of source and level of inclusion of raw glycerin (Gly) in the diet 
on growth performance, digestive traits, total tract apparent retention 
(TTAR), and apparent ileal digestibility (AID) of nutrients in broilers 
from 1 to 21 d of age. There was a control diet based on corn and soy-
bean meal and 8 additional diets that formed a 2 × 4 factorial with 2 
sources of Gly varying in glycerol content (H-Gly, 87.5% glycerol and 
L-Gly, 81.6% glycerol) and 4 levels of Gly inclusion (2.5, 5.0, 7.5, and 
10%).The 2 Gly used were obtained from a single batch of soy oil used 
for biodiesel production, dried under 2 different processing conditions. 
Each treatment was replicated 7 times. Main effects and interaction 
were studied. Also, pre-planned polynomial contrasts were performed 
to study the L and Q effects of Gly level on the different traits. From 
d 1 to 21, FCR improved linearly (L, P < 0.01) as the Gly content of 
the diet increased. At 21 d of age, the relative weight (% BW) of the 
digestive tract and liver (L, P < 0.01) and the lipid content of the liver 
increased as the level of Gly in the diet increased. Liver color was not 
affected by diet. TTAR of DM was higher for the H-Gly diet than for the 
L-Gly diet (P < 0.05) and increased quadratically (Q, P < 0.05) as the 
Gly content of the diet increased. The AMEn of the diets increased (L, 
P < 0.001) with Gly inclusion. Also, the AID of DM and GE increased 
(P < 0.01) with increased level of dietary Gly. It is concluded that raw 
glycerin obtained from the biodiesel industry from soy oil can be used 
efficiently as a source of energy at levels of at least 10% in diets for 
broilers from 1 to 21 d of age.

Key Words: broiler performance, glycerol, ileal digestibility, liver 
lipid, nutrient retention

49   Nutritive value and protein quality of soybean meals accord-
ing to origin and crop year. P. G. Rebollar, C. de Blas, R. Lázaro, 
B. Saldaña, and G. G. Mateos*, Universidad Politécnica Madrid, 
Madrid, Spain.

Nutrient composition and protein quality of soybean meal (SBM) depend 
on genotype, environmental conditions during plant growth, storage, 
and processing of the beans. Previously (5 yr period; 2007–2011), we 
had collected and analyzed for major dietary components, AA, and pro-
tein quality a total of 387 samples collected from USA, Brazil (BRA), 
and Argentina (ARG). During yr 2012, 90 extra samples (30 per each 
country) were collected and the analytical data were compared with 
those of the previous 5 yr. On DM bases (samples of the 6 yr period; 
2007–2012), SBM from USA (n = 179) and BRA (n = 144) had more 
CP (53.7, 53.0, and 51.7%; P < 0.001) than SBM from ARG (n = 156). 
Also, USA meals had more sucrose, oligosaccharides, and P contents, 
but less crude fiber and NDF than BRA meals, with ARG meals being 
intermediate (P < 0.001). Trypsin inhibitor activity (3.5, 2.9, and 2.8 
mg N/g), PDI (19.7, 15.3, and 16.4%), and KOH solubility (86.6, 82.6, 
and 81.6%) were higher (P < 0.001) for USA than for BRA and ARG 
meals. Lys content per unit of CP was higher (6.16, 6.09, and 6.05%; 
P < 0.001) for USA than for ARG and BRA meals. The average CP, P, 
and sugars contents of the SBM, independent of country of origin, were 
similar in the 2 periods considered. However, USA meals had less CP 
(52.5 vs. 53.9%; P < 0.05) and more sucrose (8.9 vs. 8.1%; P < 0.05) 
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in 2012 than in the previous 5 yr period. Also, Lys profile independent 
of origin was higher for SBM of the 2012 crop than for the average of 
the 5 previous year crops (6.13 vs. 6.10% CP, respectively; P < 0.001). 
The differences in nutrient content of the SBM among the 3 countries 
considered were similar in 2012 than in the previous 5 yr period. It is 
concluded that nutritive value of SBM varies with country of origin and 

year of collection but that the differences among origins are maintained. 
Therefore, SBM had to be analyzed frequently, taking into account 
origin of the bean and crop year, to better evaluate its nutritional value.

Key Words: crop year, nutritive value, protein quality, soybean meal 
origin
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Physiology, Endocrinology and Reproduction I

50   Production of donor-derived chicks from transplantation 
of adult ovarian tissue in Japanese quail (Coturnix japonica). J. 
Liu*1,2, K. M. Cheng1, and F. G. Silversides2, 1University of Brit-
ish Columbia, Vancouver, BC, Canada, 2Agriculture and Agri-Food 
Canada, Agassiz, BC, Canada.

Ovarian transplantation has been used to recover female fertility in 
day-old chickens and week-old quail, which is of special importance 
for birds because the large yolk prevents cryopreservation of oocytes 
or embryos. We tested whether the fertility of ovarian tissue from adult 
birds could also be recovered by transplantation. Ovaries were isolated 
from 12- to 13-week old Japanese quail hens from a line (WB) that is 
homozygous for the recessive white-breasted gene (wb) for plumage 
coloration. The yellow follicles and most of the large white follicles were 
removed, and the remaining tissue was cut into pieces of approximately 
3 to 4 mm2. Within 2 h, pieces of ovarian tissue were transplanted into 
ovariectomized, week-old female quail from a line (QO) that is homo-
zygous for wild type plumage coloration. Following transplantation, the 
recipients were given an immunosuppressant for 2 weeks. Untreated 
female QO chicks of the same age were raised with the recipients to 
act as controls. Ten of 12 recipients survived to maturity and 7 of these 
laid eggs, but all stopped laying by 17 weeks of age. The age at first 
egg of those recipients that laid eggs (75.7 ± 4.2d) was later than that 
of control hens (51.8 ± 1.7d) and their egg production was less (21.7 
± 5.7 versus 60.8 ± 3.5 eggs). The recipients were paired with fertile 
males from the WB line to determine whether the eggs were derived 
from regenerated host ovarian tissue or transplanted adult tissue. Only 
2 hens laid eggs during the test period and all 15 chicks from both hens 
were derived from the transplanted adult tissue. This breakthrough in 
ovarian transplantation demonstrated that the reproductive potential of 
ovarian tissue from adult quail hens can be restored by transplantation, 
which could be used for cryoconservation of quail or assist in ex situ 
conservation of endangered species.

Key Words: Japanese quail, ovarian tissue, adult, transplantation, 
conservation

51   Chicks produced from cryopreserved testicular tissue in 
Japanese quail. J. Liu*1,2, K. M. Cheng1, and F. G. Silversides2, 1Uni-
versity of British Columbia, Vancouver, BC, Canada, 2Agriculture and 
Agri-Food Canada, Agassiz, BC, Canada.

Cryopreservation of testicular tissue can allow long-term preservation of 
male germplasm of avian species. The feasibility of using vitrification 
procedures and transplantation of testicular tissue was tested in Japa-
nese quail, for which semen cryopreservation has not been successful. 
Testes were removed from week-old Japanese quail and transfixed on 
acupuncture needles. The tissue was equilibrated with cryoprotective 
agents (DMSO, ethylene glycol and sucrose), plunged into liquid nitro-
gen, and stored in 2-mL macrotubes. Cryopreserved tissue was warmed 
in sucrose solutions at room temperature or at 40°C and transplanted 
under the dorsal skin of castrated, week-old recipients, with untreated 
tissue transplanted as a control. Twenty of the 21 recipients survived 
the surgery and 18 had viable transplants at maturity, with no differ-
ence between untreated and cryopreserved tissue. Eleven transplants 
were isolated and sampled. Fluid extrusion from the transplants was 
collected and inseminated surgically into the magna of 22 quail hens; 
10 inseminations included proctodeal gland foam. Egg production was 
recorded before and after insemination and eggs collected for 2 wk fol-

lowing insemination were incubated. Egg production was reduced by 
intramagnal insemination and none of the hens inseminated with foam 
produced fertile eggs. Five hens inseminated without foam produced a 
total of 8 live offspring. One of these hens was inseminated with fluid 
derived from untreated tissue and 4 with fluid from cryopreserved tissue. 
Histological examination showed spermatogenesis in the transplants, and 
the seminiferous tubules, lumens, and epithelium were of comparable 
sizes to those of testicular tissue from intact males. These results dem-
onstrate that testicular tissue of Japanese quail can be preserved using 
vitrification procedures and the reproductive potential can be recovered 
through transplantation.

Key Words: Japanese quail, cryopreservation, testicular tissue, vitri-
fication, transplantation

52   Identifying embryonic myosin isoforms in the avian pectora-
lis major muscle during incubation. J. Griffin*, M. Lilburn, and M. 
Wick, The Ohio State University, Columbus.

Myosin, the predominant protein expressed in avian breast muscle, is 
temporally expressed in a highly specific temporal and spatial series of 
developmental isoforms. Four isoforms are expressed during embryonic 
development and 2 post-hatch. It is hypothesized that sequential expres-
sion of the embryonic isoforms could be associated with signaling events 
with respect to other key myogenic transcription or regulatory factors. 
The objective of this study was to develop PCR primers for the embry-
onic transcripts that code for the developmental isoforms of myosin. 
On d 17 of incubation, pooled tissue samples from the embryonic PM 
muscle were collected and each pool represented muscle collected 
from 5 embryos. The pooled samples were collected in liquid nitrogen 
and stored in −80°C before RNA extraction. The embryonic RNA was 
isolated using TRIzol, according to the manufacturer’s recommenda-
tions (Life Technologies) and the integrity of the RNA was evaluated by 
analyzing the relative intensities of the 18S and 28S subunits of rRNA. 
These RNA samples were subsequently analyzed using oligonucleotide 
PCR primers specific for each of the 3 developmental embryonic myosin 
isoforms in an endpoint RT-PCR using housekeeping genes as loading 
controls. The housekeeping genes, 18S rRNA, 28S rRNA, GAPDH, 
and a positive PCR control based on a recombinant myosin heavy chain 
template has been validated, for normalization of expression analysis 
by RT –PCR. A plasmid that contains the coding sequence for the full 
length light meromyosin (LMM) serves as a positive control for our PCR 
experiments. These plasmids are maintained in E. coli DH5α, thereby 
providing an infinite supply of highly consistent positive control. Primers 
are currently being validated for isoform specificity based on previously 
published and preliminary data. This will allow for a detailed analysis 
of myosin temporal expression in avian embryos and increase our 
knowledge of the developmental events underlying avian myogenesis.

Key Words: pectoralis major (PM), myosin, isoform, muscular dys-
trophy (MD), RTPCR.

53   Cerulenin upregulates heat shock protein-70 gene expression 
in chicken muscle. S. Dridi*1 and J. Buyse2, 1University of Arkansas, 
Center of Excellence for Poultry Science, Fayetteville, 2Catholic Uni-
versity of Leuven, Heverlee, Belgium.

Lines of evidence suggested that systems involved in the regulation of 
the stress responses and of energy homeostasis are highly integrated. 
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Since cerulenin, the natural antibiotic product of the fungus Cephalospo-
rium ceruleans and a broad-spectrum fatty acid synthesis (FAS) inhibi-
tor, has been shown to affect food intake and energy balance, and since 
the biomarker of stress Hsp-70 gene was found to interact directly with 
fatty acids, we hypothesized that cerulenin may regulate Hsp-70 gene 
expression. Therefore, the present study was undertaken to examine this 
issue. Intravenous administration of cerulenin (15 mg/kg) significantly 
(P < 0.05, ANOVA followed by post hoc multiple comparisons Student 
Newman-Keuls tests) decreased food intake and induced Hsp-70 mRNA 
levels in muscle, but not in liver or hypothalamus of 2-week-old broiler 
chickens (n = 4). These changes were accompanied by an unpregulation 
of muscle uncoupling protein (UCP) and carnitine palmitoyltransferase 
1 (CPT-1) mRNA levels. This result indicated that the regulation of 
Hsp-70 gene expression in normal chickens, as estimated by oxidative 
stress indices [thiobarbituric acid reacting substances (TBARS), ferric 
reducing/antioxidant power (FRAP), and ceruloplasmin oxidase activ-
ity] levels, is tissue-specific. In attempt to discriminate between the 
effect of cerulenin and cerulenin-reduced food intake on Hsp-70 gene 
expression, we also evaluated the effect of food deprivation on the same 
cellular responses. Food deprivation for 16h did not affect Hsp-70 gene 
expression in all tissues examined, indicating that the effect of cerulenin 
is independent of the inhibition of food intake. To ascertain whether the 
effect of cerulenin is direct or indirect, we carried out in vitro studies. 
Cerulenin treatment did not affect Hsp-70 gene expression in Leghorn 
Male Hepatoma (LMH) and Quail Myoblasts (QM7) cell lines, sug-
gesting that the observed effect in vivo may be mediated through the 
central nervous system.

Key Words: cerulenin, food deprivation, oxidative stress, cell, heat 
shock protein

54   Cellular bioenergetics in quail muscle cells. K. Lassiter*, 
B.-W. Kong, and W. G. Bottje, Department of Poultry Science, Uni-
versity of Arkansas, Fayetteville.

This study was conducted to assess cell bioenergetics in an avian muscle 
cell line (quail muscle 7, QM7). An XF24 Flux Analyzer (Seahorse Bio-
sciences, Billerica MA) was used to measure oxygen consumption rate 
(OCR) and proton production rate (PPR) to assess oxidative phosphory-
lation and glycolysis activity, respectively, in a 24-well plate format. For 
bioenergetic investigations, it is necessary to optimize conditions that 
include cell seeding density and chemicals concentrations of oligomycin 
(to inhibit ATP synthase), FCCP (carbonilcyanide p-trifluoromethoxy 
phenylhydrazone, to uncouple oxidative phosphorylation and stimulate 
maximal OCR), and antimycin A (to inhibit respiratory chain activity). 
The results indicated that optimal conditions were 25,000 cells per 
well, 1.5 μM oligomycin, 250 nM FCCP, and 10 μM Antimycin A. A 
bioenergetic profile of the cells was then determined with a ‘BOFA’ 
analysis that monitors OCR during basal (B) conditions and in response 
to oligomycin (O), FCCP (F) and Antimycin A (A) that enables deter-
mination of oxygen consumption linked to ATP synthesis, proton leak, 
oxygen reserve capacity, and non-cytochrome c oxidase activity. In 
these studies, 12 to 15 wells were treated with chemicals, 5 to 8 for 
vehicle treated controls, and the remaining 4 wells used for background 
correction. In QM7 cells provided 25 mM glucose and 5 mM pyruvate 
as energy substrates, it was determined that 26% of O2 consumption 
was devoted to ATP synthesis, 39% to spare reserve capacity, 15% due 
to proton leak, and 20% to non-cytochrome c oxygen consumption. 
Increases in PPR were observed following treatment with oligomycin 
and FCCP. Qualitatively similar results were obtained in QM7 cells 
that were transfected with a green fluorescent protein marker. To our 
knowledge, this is the first study to use a relatively new flux analysis 

approach to assess cell bioenergetics in avian muscle cells. Studies 
are underway to assess effects of overexpression (via transfection of 
expression vectors) and knockdown (via RNA interference) of proteins 
involved in cellular bioenergetics in QM7 cells. Funding for this study 
was provided by Arkansas Biosciences Institute, Little Rock, AR.

Key Words: cell bioenergetics, quail muscle cell

55   Rapid activation of neuropeptide and pituitary hormone 
mRNA in broiler chicks following exposure to long photoperiods 
or sulfamethazine. W. J. Kuenzel*1, G. Nagarajan1, M. Madkour2, 
and S. W. Seong1, 1University of Arkansas, Fayetteville, 2National 
Research Center, El-Dokki, Giza, Egypt.

Past experiments in our lab have shown that transferring male broiler 
chicks to a long photoperiod coupled with sulfamethazine (SMZ) admin-
istration resulted in activation of the hypothalamo-pituitary-gonadal 
(HPG) axis including significant increases in a neuropeptide and enzyme 
mRNA associated with a possible photopigment, gonadotropin releas-
ing hormone 1 (GnRH-1) and follicle stimulating hormone β (FSHβ) 
mRNA during the first 24h of photostimulation compared with controls 
subjected to a short photoperiod. An unknown question was whether 
chicks transferred to a long photoperiod alone, would show a similar 
pattern of gene activation and begin testes development within the first 
week. To test this, 4 treatment (trt) groups were formed: a short-day 
photoperiod, long-day photoperiod, short-day SMZ, and long-day SMZ 
group. Birds were sampled on d 3 and 7 (n = 6/trt) after initiation of 
the study. Results showed that the long-day+SMZ and the long-day trt 
groups showed a significant increase in GnRH-1 in the preoptic area and 
mid-hypothalamic region, respectively, compared with short-day+SMZ 
fed birds as well as short-day controls on d 3. Pituitary gonadotropin 
LHβ and FSHβ mRNA were significantly elevated by long-day and long-
day+SMZ trts compared with short-day groups on d 3 and 7. For the 3-d 
sampling time, both the long-day and long-day+SMZ groups showed 
significant elevation of thyrotropin releasing hormone (TRH) mRNA in 
the mediobasal hypothalamus and on d 7 significantly greater pituitary 
thyroid stimulating hormone (TSHβ) mRNA compared with both short-
day groups. Results suggest that regarding the primary components of the 
HPG axis, both long-day photoperiod and long-day+SMZ trts activate 
the same neuroendocrine hormones. The addition of SMZ results in 
augmentation of the cascade effecting a more rapid testes development. 
Supported in part by the Division of Agriculture, Univ. of Arkansas.

Key Words: hypothalamo-pituitary gonadal axis, neuroendocrine, 
testes development

56   Photoactivation of proposed deep brain photoreceptors in 
the chicken brain. S. W. Kang*1, G. Nagarajan1, M. Madkour2, and 
W. J. Kuenzel1, 1University of Arkansas, Fayetteville, 2Animal Produc-
tion Department, National Research Center, El-Dokki, Giza, Egypt.

Three deep brain photoreceptors [melanopsin (Opn4), opsin5 (Opn5) 
and vertebrate ancient opsin (VAOpsin)] were reported as candidate 
photopigments involved in the perception of photoperiodic information 
affecting onset and development of avian reproduction. Aim of this study 
was to test response of these photoreceptors by long-day photoperiod 
in chicken brain. Two-week-old chickens (LD8:16) were transferred 
to individual cages 1 d before experiments. Experiment 1: 16 chickens 
were kept on a short photoperiod (LD8:16) before the first long day 
(LD16:8) and whole brains were sampled in the dark before lights on 
and at 4 h, 12 h, and 16 h time points during the first long day with diet 
sulfamethazine (SMZ; 0.2%). Experiment 2: 72 chickens were divided 
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into 4 groups (Short day control (SC), Short day SMZ, Long day control, 
Long day SMZ) and were sampled at 3, 7, and 28 d. The dissected brain 
samples were taken from the septal-preoptic area (SepPre), anterior-mid 
hypothalamus (Hypo#1), and posterior and mediobasal hypothalamus 
(Hypo#2) (n = 6). The qRT-PCRs were performed for Opn4, Opn5, and 
VAOpsin expression. The VAOpsin expression decreased initially (4 h 
and 12 h), and both Opn4 and VAOpsin expression were significantly 
increased at the16 h during the first long-day exposure (P < 0.05). These 
results indicate that candidate photoreceptors initiate their response 
during the first long-day photoperiod. Three long-day photoperiod 
induced 8.4-fold increase of VAOpsin expression in Hypo#1, 15.4-
fold increase of Opn4 expression in Hypo#2, and 97.8-fold increase of 
Opn5 expression in Hypo#2 compared with SC birds (P < 0.01). At 7 
d and 28 d, these high activations were significantly diminished. The 
combination of long-day and SMZ diet did not activate 3 photoreceptors 
excepting the significant increase of Opn5 expression in SepPre from 
both long-day and long-day plus SMZ dietary treatment (P < 0.05). The 
results suggest that 3 photoreceptors are involved in the perception of 
long-day photoperiodic information. Supported in part by the Division 
of Agriculture, Univ. of Arkansas.

Key Words: reproduction, photoneuroendocrine system, photorecep-
tor, SMZ, brain

57   Effect of corticosterone on the expression of arginine-vasoto-
cin and corticotropin-releasing hormone receptors in the anterior 
pituitary of male broilers. S. W. Kang* and W. J. Kuenzel, University 
of Arkansas, Fayetteville.

In the anterior pituitary (AP) gland of chickens, 4 receptors [vasotocin 
receptor 2 (VT2R) and 4 (VT4R), corticotropin-releasing hormone 
receptor one (CRHR1) and 2 (CRHR2)] are involved in the acute stress 
(AS) response. To understand the role of corticosterone (CORT) regu-
lating the expression of these receptors during chronic stress (CS), 7–8 
week old broilers were assigned to 4 groups: acute control (AC), AS, 
chronic control (CC), and CS. The CS group received 1 h of stress for 
10 consecutive days and AS birds received only one restrained treat-
ment (n = 8). Blood was drawn for radioimmunoassay (RIA) of CORT. 
RIA results showed that CORT levels in d 9 and 10 were significantly 
decreased compared with d 1. The elevated expression levels of VT2R 
and CRHR2 during AS were significantly decreased to the level of con-
trols after 10 d of CS (P < 0.05). The decreased VT4R expression level 
in the AS was more significantly decreased by CS and the decreased 
CRHR1 expression by AS did not significantly change by CS. The pre-
treatment of CORT 30 min before AVT/CRH treatment in the primary 
AP cells resulted in a dose-dependent decrease of POMC hnRNA (P < 
0.05). Without CORT in the culture media, VT2R, VT4R and CRHR1 
were significantly increased within 15 min and decreased at 1 h and 6 h 
by AVT/CRH. CRHR2 was increased at 1 h and 6 h. The pretreatment of 
CORT before AVT/CRH induced a dose-dependent increase of VT2R, 
VT4R and CRHR2, and a decrease of CRHR1 at the highest dose of 
CORT (10 ng/mL, P < 0.05). Taken together, these data indicate the 
negative-feedback action of CORT at the AP level may be closely related 
with the downregulation of VT2R, VT4R, CRHR1, and CRHR2 during 
CS. Furthermore, the results suggest that plasma CORT concentration 
per se other than the CORT signal itself may be the important factor 
affecting the degree of negative-feedback regarding adaptation to CS in 
in vivo. Supported in part by NSF grant #IOS-0842937 and the Arkansas 
Biosciences Institute grant.

Key Words: chronic stress, arginine-vasotocin receptor, corticotropin-
releasing hormone receptor, corticosterone, feedback regulation

58   Immobilization stress and induced changes in avian hypo-
thalamic structures immunostained with arginine vasotocin. G. 
Nagarajan*, S. W. Kang, and W. J. Kuenzel, University of Arkansas, 
Fayetteville.

Peripheral administration of arginine vasotocin (AVT) and corticotropin 
releasing hormone (CRH), primary neuropeptides in the hypothalamus-
pituitary-adrenal (HPA) axis, was shown to have a synergistic effect 
on the release of corticosterone (CORT – a stress hormone) in chick-
ens. Hypothalamic AVT-immunoreactive (-ir) structures activated by 
psychological stressors, such as immobilization, are not well known 
in chickens. Thus, one hour immobilization stress was used in male 
chickens, 6–7 weeks of age. Four groups were designed for this study 
[acute control (AC), acute stress (AS), chronic control (CC) and chronic 
stress (CS) - 1 h immobilization for 10 d; n = 6/group]. Blood samples, 
from the brachial vein, and brain samples were collected immediately 
after 1 h stress. Concentrations of plasma CORT determined by RIA 
were found significantly higher (P < 0.01) in the AS group compared 
with the AC group. A significant decrease (P < 0.05) of plasma CORT 
was observed in the CS group over the 10 d stress period. A dual immu-
nocytochemical procedure was performed on brain sections (anti-AVT 
and anti-c-FOS). Activated cells and/or neurons, following a stimulus, 
can be distinguished by cFOS-ir in the nucleus of cell body. Activation 
of different cell types, based upon size of the cell body, was observed in 
the hypothalamus. The medial subnucleus of the complex paraventricular 
nucleus showed an increased activation of small AVT-ir cells (5–12 μm 
in diameter), 30% higher in the AS and greater than 50% in the CS (P < 
0.05) groups. The ventral periventricular nucleus showed nearly a 20% 
increased activation of small neurons (15–25 μm in diameter), in the 
AS group compared with the AC group. Plasma CORT results suggest 
that birds developed a physiological adaptation during chronic stress. 
Differential activation of small AVT-ir cells and neurons in 2 chicken 
hypothalamic subnuclei indicate that specific AVT-ir structures are 
involved in the regulation of the HPA axis following immobilization 
stress. Supported in part by NSF grant (IOS#0842937) and an Arkansas 
Biosciences Institute grant.

Key Words: immobilization, stress, arginine vasotocin, corticosterone, 
hypothalamus

59   The mRNA expression of amino acid transporters, ami-
nopeptidase, and the di- and tri-peptide transporter pept1 in 
the embryo of the broiler shows developmental regulation. K. B. 
Miska*1, R. H. Fettrer1, and E. A. Wong2, 1USDA-ARS, Beltsville, MD, 
2Virginia Tech, Blacksburg.

Amino acid transporter proteins are responsible for the movement of 
amino acids (AA) into as well as out of the cell. In the intestine, these 
proteins are present on the apical and basal membranes of enterocytes 
and are essential in the uptake of AAs and their release into the blood 
stream for delivery to the rest of the body. Aminopeptidase (APN) is an 
enzyme that removes AAs from the N terminus of polypeptides making 
free amino acids available for transport. The purpose of the current study 
was to determine the initiation of transcription for these genes during 
embryogenesis. Fertilized eggs of Ross broilers were sampled at d 9, 
11, 15, 17, 19 and 20 post-oviposition. The ceca, duodenum, ileum and 
jejunum, as well as the liver were sampled from 3 to 4 embryos at each 
time point. At d 9 and 11 it was not possible to discern the different areas 
of the gut therefore the entire intestine was taken. Samples were placed 
in RNA later and frozen at −70 until RNA isolation. The expression of 
a peptide (PepT1) and 10 amino acid transporter genes (rBAT, bo,+AT, 
Bo,AT, EAAT3, y+LAT1, y+LAT2, LAT1, ATB0,+, CAT1, and CAT2) 
as well as APN were measured using absolute quantitation qRT-PCR. 
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At d 9 and 11 of embryogenesis, the expression of all the genes in the 
intestinal tissue was either undetectable or very low. However, with the 
exception PepT1, the expression of these genes was detectable in the 
liver. By d 15 of embryogenesis, all of the genes were expressed in the 
intestine as well as the liver at high levels (1 × 102 to 1 × 105 molecules 
mRNA/ng of total RNA) and these levels remained relatively constant 
until d 20. Our data suggests that expression of amino acid transporters is 
developmentally regulated, and by d 15 of development, the enterocytes 
in the intestine express high levels of these genes. Based on our results, 
we hypothesize that at d 9 and 11 the gut may not function in amino 
acid uptake and possibly relies on other structures such as the yolk sac. 
As the gut matures it becomes able to transport amino acids, so that it 
is fully functional at hatch.

Key Words: amino acid transport, expression, broiler, qRT-PCR, 
embryo

60   Effects of avian infectious bronchitis virus on eggshell for-
mation with reference to immunoresponse in the hen oviduct. T. 
Nii*, N. Isobe, and Y. Yoshimura, Hiroshima University, Graduate 
School of Biosphere Science, Higashi-Hiroshima, Hiroshima, Japan.

The aim of this study was to determine the mechanism by which eggshell 
formation is disrupted by the avian infectious bronchitis virus (IBV) in 
hen oviducts. IBV live vaccine (20 mL, 106.5EID50; KAKETSUKEN) 
was injected into the magnum of laying hens (170-d-old) at 24 or 48 h 
before tissue collection. The eggshell membrane structure, gene expres-
sion related to eggshell formation (collagen I, V and CaBP-D28K), 
densities of cytotoxic cells (CD8+ cell and TCR-γδ+ T cell) as well as 
gene expressions of molecules related to cytotoxic immune reaction 
(B-NK, perforin, granzyme and IL-2) and proinflammatory cytokines 
(IL-1β, IL-6, IFN-γ) in the isthmus and uterus were then examined. 
Significance of difference between the control and IBV groups was 
examined by t-test. The outer layer of eggshell membrane was thin or 
fragmented in the oviposited eggs. Histological examination showed 
no tissue degeneration in the isthmus and uterus of the IBV group. The 
gene expressions of collagen type I, but not of collagen type V, in the 
isthmus and CaBP-D28K in the uterus were significantly lower in the 
IBV group than in the control. The frequencies of CD8+ cells and TCR-
γδ+ T cells in the mucosa of the isthmus and uterus were significantly 
increased in the IBV group compared with the control group. The gene 
expressions of molecules related to cytotoxic activity and inflammatory 
cytokines were higher in the IBV group than in the control. The present 
results suggest that stimulation by live virus of IBV vaccine disrupts 
eggshell formation, which probably mimics the disrupted process of 
eggshell formation caused by wild type IBV. The live virus of the IBV 
vaccine enhanced the density of the cytotoxic cells and increased gene 
expressions related to cytotoxic response and inflammatory cytokines in 
the isthmus and uterus although tissue degeneration was not observed. 
Thus, the disruption of eggshell formation by IBV may be caused by 
the suppression of synthesis of eggshell membrane and eggshell matrix 
substances. Cytotoxic factors from cytotoxic cells and proinflammatory 
cytokines that are synthesized in response to the virus may participate 
in that suppression mechanism.

Key Words: IBV, eggshell, NK cell, T cell, inflammatory cytokine

61   Bone development in embryos from contemporary and 
mid-1980’s broiler strains. R. Yair*1,2, Z. Uni1, R. Shahar2, and A. 
Cahaner3, 1Department of Animal Science, Robert H. Smith Faculty 
of Agriculture, Hebrew University of Jerusalem, Rehovot, Israel, 
2The Koret School of Veterinary Medicine, Robert H. Smith Faculty 

of Agriculture, Food and Environment, Hebrew University of Jerusa-
lem, Rehovot, Israel, 3Department of Genetics, Faculty of Agriculture, 
Hebrew University of Jerusalem, Rehovot, Israel.

Contemporary broilers often suffer from leg problems related to their 
rapid growth. This study aimed at comparing the leg bone (tibia) 
development and properties during last week of incubation in embryos 
from a contemporary strain (Cobb 500) and from a research popula-
tion descending, without selection on growth and body weight, from 
a commercial broiler strain in 1986. Random samples of 100 fertile 
eggs per strain (Cobb 500 and “1986”) were incubated. Ten eggs per 
strain were randomly selected on 14E, 17E, 19E and 21E (at hatch); 
the tibia and its muscles were dissected from each embryo and weighed 
separately. Each tibia was subjected to biomechanical evaluation using 
a micromechanical testing device and cortical structure analysis using 
a µCT. On E21, mean tibia weight was similar in both strains whereas 
mean weight of chicks and of tibia muscles were 12% higher in Cobb 
500 than in “1986” suggesting higher muscle load on the tibia in Cobb 
500. The stiffness of the tibia between E17 and E21 was 9 to 20% lower 
in Cobb 500. Structural analysis has shown that on E17, Cobb 500 
embryos had about 50% higher cortical and medullary area and 84% 
higher moment of inertia, suggesting improved bone structure. However, 
at hatch (E21) “1986” chicks exhibited better bone structure as shown 
by 33, 66 and 100% higher cortical area, medullary area and moment 
of inertia, respectively. Those structural differences hint that during the 
last days of incubation the “1986” embryos improve their bone structure 
much rapidly than Cobb. This study demonstrates that the tibia bone of 
hatchlings from contemporary strain have to cope with higher muscle-
induced loads, while their bones have lower mechanical capabilities 
compare with broilers of 25 years ago. Examination of yolk mineral 
content and their uptake by the embryo during incubation showed that 
in the last days of incubation the “1986” embryos had higher P and Zn 
levels and higher rate of consumption than the Cobb 500 embryos. As 
those minerals are important for bone development, the lower mechani-
cal and structural properties presented by contemporary broilers might 
be related to their low content of yolk minerals.

Key Words: embryo, bone, mineral, weight

62   Complete system to secure poultry genetic resources by inte-
grating germ-line chimera and germ cells cryopreservation tech-
nologies. Y. Nakajima*, E. Mizuno, A. Asano, N. Ishikawa, and A. 
Tajima, University of Tsukuba, Tsukuba, Japan.

Conservation of avian genetic resource is critically important for the 
progress of future poultry industry. It has been suggested that avian 
genetics resources can be conserved and retrieved by combining germ-
line chimera and germ cells cryopreservation technologies, namely 
spermatozoa, primordial germ cells (PGC) and gonadal germ cells 
(GGCs). Present study, therefore, was conducted to integrate current 
available technologies to conserve and retrieve genetic resources in 
chicken. Gonadal germ cells were recovered from gonads of 7-day-old 
Rhode Island Red (RIR) embryos by using PBS[-] method (Nakajima et 
al. 2011), and suspended in freezing medium containing 10% dimethyl-
sulfoxide (DMSO). Germ-line chimeras were produced by transferring 
of 200 frozen-thawed GGCs (f-GGCs) or unfrozen GGCs (u-GGCs) into 
the dosal aorta of 2-d-old White Leghorn embryos. Germ cell recipient 
embryos were hatched, raised until puberty, and progeny testing was 
conducted by mating RIR of opposite sex. Fertility and the proportion 
of brown-feathered chicks were ranged between 16.5% and 46.1% and 
between 0.00% and 16.7%, respectively, when frozen-thawed sperm 
collected from male germ-line chimeras, produced by transferring 
u-GGCs, was inseminated to normal female RIR.
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Fertility and the proportion of brown-feathered chicks were 7.61% 
and 50.0%, respectively, when female germ-line chimeras, produced 
by transferring f-GGCs, was inseminated with frozen-thawed sperm 
collected from normal RIR. Moreover, two brown-feathered progeny 
were obtained after inseminating two female germ-line chimeras, pro-
duced by transferring u-GGCs, with frozen-thawed sperm from male 
germ-line chimera, produced by transferring u-GGCs. These results 
proved that avian genetic resources could be conserved and retried 
by integrating germ-line chimera technology and cryopreservation of 
germ cells, namely spermatozoa and GGCs.

Key Words: cryopreservation, germ-line chimera, gonadal germ cells 
(GGCs), spermatozoa

63   Influence of egg storage time on hatchability and chick qual-
ity traits of commercial and Egyptian local broiler breeders. H. M. 
Safaa*1, H. N. Sobhy2, and M. S. A. Elsemary2,3, 1Animal Production 
Department, Faculty of Agriculture, Cairo University, Giza, Egypt, 
2Natural Resources Department, Institute of African Researches and 
Studies, Cairo University, Giza, Egypt, 3Cairo Poultry Grandparent 
Company, Giza, Egypt.

A total of 1,440 eggs were used to investigate the effect of egg storage 
time (EST) on hatchability and chick quality traits of Hubbard (HA), 
Cairo B-2 (B2) and Fayoumi (FA) broiler breeders (48 wk of age). 
Fayoumi is an Egyptian native breed and B2 is a cross breed (8th gen-
eration) between Arbor Acres males (female line) and Egyptian native 
White Baladi females. There were 12 groups (4 replicates per group) 
arranged factorially with 3 broiler breeders (HA, B2 and FA) and 4 
ESTs (0, 3, 7 and 10 d). All eggs were stored under the same conditions 
(15°C and 80% relative humidity). No interaction effects were detected 
for all traits. Results indicated that HA egg and chick weights (70.7 and 
46.6 g) were higher than FA (50.9 and 33.4 g) and B2 (65.8 and 43.4 
g) were intermediate, respectively (P < 0.0001). The same trend was 
observed in hatchability (88.5 vs. 82.3 vs. 74.2%) rates for HA, B2 and 
FA, respectively. Increasing EST to 7 d or more negatively (P < 0.0001) 
affected egg weight (63.7, 63.0, 61.7 and 61.5 g), chick weight (42.2, 
41.6, 40.6 and 40.0 g) and hatchability rate (84.2, 83.3, 80.3 and 78.9%). 
However, embryo mortality and chick culled rates were not affected by 
increasing EST up to 10 d. It could be concluded from this study that 
HA, B2 and FA breeds were different in egg and chick weights. Also, 
EST of 7 d or more are not recommended for these breeds.

Key Words: broiler breeder, egg storage time, hatchability, embryo 
mortality, chick quality



23Poult. Sci. 92(E-Suppl. 1)

Processing, Products, and Food Safety I

64   Synergistic effects of vitamin B1 on broiler carcass decon-
tamination during chilling in chlorinated and organic acid solu-
tions. P. Singh*, L. Zhang, H. C. Lee, and I. Kang, Michigan State 
University, East Lansing.

Synergistic effects of vitamin B1 (VitB1) on broiler carcass decontami-
nation were evaluated during chilling in chlorinated and organic acids 
solutions. Live birds were purchased locally and processed at Michigan 
State University Meat Laboratory. In each of 3 replications, skin samples 
were taken from 5 prior-chill and 5 post-chill carcasses in 6 different 
chilling solutions prepared as follow: 1) 50 ppm chlorine, 2) 3% Opti-
form (sodium lactate and sodium diacetate), 3) 1.8% acetic acid (AA), 
4) 25 ppm chlorine + 0.05% VitB1, 5) 1.5% Optiform + 0.05% VitB1, 
and 6) 0.9% AA + 0.05% VitB1. The initial pH of slurry chilling water 
significantly (P < 0.05) changed to 9.47, 5.91, and 2.65 when chlorine (50 
ppm), Optiform (3%), and AA (1.8%) were added, respectively, which 
were changed again to 6.4, and 6.13, and 2.81 when VitB1 (0.05%) was 
mixed with half the 3 chemicals. The mean populations of mesophilic 
aerobic bacteria (MAB), E. coli and coliform on prior-chill carcasses 
were 4.39, 3.36 and 3.62 log cfu/g, respectively, all of which significantly 
(P < 0.05) reduced after chilling. No bacterial differences (P > 0.05) 
were seen between 2 groups of post-chill carcasses in the full single-
chemical solutions and half-chemical/VitB1 solutions for MAB, E. coli 
and coliform, except E. coli and Coliform in AA solutions. These results 
indicate that 0.05% VitB1 addition to chilling water has the potential 
to reduce the chlorine level (50 ppm) by half or totally eliminate it via 
VitB1-organic acid mixtures.

Key Words: vitamin B1, chlorine free, organic acid, carcass decon-
tamination, broiler chilling

65   Effects of increasing inclusions of camelina meal in broiler 
diets on tissue fatty acid composition. S. Nain*1, M. A. Oryschak2, 
M. Betti1, and E. Beltranena2, 1University of Alberta, Edmonton, AB, 
Canada, 2Alberta Agriculture and Rural Development, Edmonton, AB, 
Canada.

The human health benefits of consumption of n-3 (omega-3) polyunsatu-
rated fatty acids (n-3 PUFA) have been recognized. Camelina sativa is a 
novel oilseed crop increasingly grown for biofuel use in marginal lands 
of the North American Plains. Its expeller meal with 10 to 20% residual 
oil content (28–30% α-linolenic acid [ALA]) has potential as a source 
of n-3 PUFA to enrich broiler meat. An experiment was conducted to 
assess the lipid deposition response in broiler brain, liver, breast and 
thigh muscle of increasing dietary inclusion of camelina meal (CM). 
Male chicks (744, Ross 308) housed in 24 battery cages were fed 1 of 4 
dietary regimens including 0, 8, 16, 24% CM for 42 d (6 cage replicates 
per CM level). At the end of starter (14 d), grower (28 d) and finisher 
(42 d) phase, brain, liver, breast and thigh samples were collected from 
3 birds per cage and diets were analyzed for fatty acid profile. The 
deposition efficiency of n-3 PUFA from diet to the muscle was also 
estimated. Increasing CM inclusion from 0 to 24% increased dietary 
ALA (5.6, 11.1, 15.2, 17.8, respectively) as % of lipid content (P < 0.05). 
All diets have a similar level of total long chain (LC) n-3 PUFA (1%). 
For the entire trial, increasing dietary CM inclusions increased ALA 
in breast, thigh and liver, but not brain content. Increasing dietary CM 
inclusion increased long-chain n-3 PUFA including docosapentaenoic 
acid (DPA) and docosahexaenoic acid (DHA) in liver and brain tissue 

(P < 0.001). However, in breast and thigh muscles increasing dietary 
CM only increased DPA (P < 0.001). The dietary deposition efficiency 
of different n-3 PUFA was highly variable in breast, thigh, liver or brain 
tissue. The predominant n-3 PUFA in liver and brain tissue was DHA 
(50% and 89% of n-3 PUFA) unlike breast and thigh muscle where ALA 
was the major n-3 PUFA (58% and 81% of n-3 PUFA). The results of 
this experiment indicate that feeding increasing dietary CM inclusions 
to broilers enriched breast and thigh muscle n-3 PUFA content, but it 
did not increase DHA.

Key Words: brain, broiler, camelina, muscle, n-3 PUFA

66   Effect of probiotic and prebiotic combinations in reducing 
cecal Campylobacter counts in broiler chickens. K. Arsi*1, A. M. 
Donoghue2, A. Woo-Ming1, H. R. Arambel1, P. J. Blore1, and D. J. 
Donoghue1, 1University of Arkansas, Fayetteville, 2USDA-ARS, Fay-
etteville, AR.

Campylobacter is one of the leading causes of food borne illness 
worldwide and is associated with consumption of poultry products. One 
potential strategy to reduce Campylobacter colonization in poultry is 
the use of probiotics. In an attempt to reduce Campylobacter in poultry, 
we isolated 117 GRAS (generally regarded as safe) bacterial isolates 
from healthy birds and evaluated their efficacy against Campylobacter, 
using a soft agar overlay technique. Twenty-six isolates with in vitro 
efficacy against Campylobacter were tested in birds. In these studies, 
bacterial isolates were administered orally on day of hatch and on d 7, 
chicks were challenged with a 4 strain mixture of wild type of C. jejuni 
(≈106 cfu/mL). Cecal samples were collected on d 14 for Campylobacter 
enumeration. Out of 26 isolates, 3 isolates demonstrated a reduction in 
Campylobacter counts (1–2 logs). In an attempt to improve the efficacy 
of these 3 isolates, follow-up studies were conducted with various doses 
of 2 prebiotics (fructoligosaccharide/FOS or mannanoligosaccharide/
MOS) in the feed. Campylobacter counts were not reduced for any of 
the FOS treatments (0.12, 0.25, or 0.5%) or the 0.08 or 0.16% MOS 
treatments but were reduced for the 0.04% concentration in feed. These 
results demonstrate the difficulty of developing effective probiotic 
cultures against Campylobacter colonization in poultry. Funded in part 
by the USDA-NIFA-OREI 2011-01955.

Key Words: Campylobacter jejuni, probiotic, FOS, MOS, chicken

67   Evaluating the potential of cranberry proanthocyanidins to 
reduce Campylobacter in vitro and after colonization in poultry. A. 
N. Woo-Ming*1, A. M. Donoghue2, K. Arsi1, P. Blore1, J. R. Moyle2, 
and D. J. Donoghue1, 1University of Arkansas, Fayetteville, 2USDA-
ARS, Fayetteville, AR.

Campylobacter spp. has been identified as one of the leading causative 
agents of food borne diarrheal illness and is attributed to consumption 
of poultry. Surveys of domestic poultry estimate that approximately 
90% of flocks are positive for Campylobacter. Currently there are no 
effective treatments to eliminate Campylobacter from poultry. Extracts 
from American Cranberry (Vaccinium macrocarpon) contain proantho-
cyanidins which have antimicrobial activity against other food borne 
pathogens including E. coli and Salmonella, but their activity against 
Campylobacter is unknown. The study objective was to evaluate, in 
vitro and in vivo, the efficacy of cranberry proanthocyanidins contained 



Poult. Sci. 92(E-Suppl. 1)24

in 2 commercially available products. Proanthocyanidin levels in cran-
berry extract powders were determined by the supplier to be low (1%, 
L-PAC) or high (30%, H-PAC) of the total volume. In replicate in vitro 
trials, the lowest concentrations of L-PAC or H-PAC (0.1 or 0.5% wt/
vol) did not reduce Campylobacter. A 1–5 log reduction at 1% (wt/vol) 
L-PAC or H-PAC was observed, and at 2 or 4% (wt/vol) there was a 
minimum 5 log reduction in Campylobacter. For in vivo studies, birds 
(n = 10/treatment) were given L-PAC or H-PAC at concentrations of 
0.5, 1, or 2% (wt/wt) supplemented in the feed starting at day of hatch 
and continuing through d 14. At d 7, all birds were challenged with 
approximately 2.5 × 105 cfu/mL of Campylobacter jejuni by oral gavage 
and at d 14 birds were euthanized and cecal contents were collected for 
enumeration of Campylobacter. In both trials, cecal Campylobacter 
counts were not reduced by addition of L-PAC or H-PAC in the feed. 
Although highly effective in vitro, more evaluation is needed to deter-
mine optimum concentrations of cranberry proanthocyanidins to reduce 
Campylobacter in poultry.

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

68   Effect of dietary zinc supplementation on broiler perfor-
mance and carcass yield. R. I. Qudsieh*, D. P. Smith, and J. Brake, 
Department of Poultry Science, North Carolina State University, 
Raleigh.

This study was conducted to evaluate the effect of feeding high levels 
of inorganic dietary zinc (Zn) on growth performance and carcass yield 
of broilers raised to 42 d. A total of 288 1-d-old male and female Ross 
708 broilers were randomly distributed among 3 dietary treatments, with 
12 replicate cages per treatment. Birds were fed diets containing 0, 120, 
or 240 mg Zn/kg diet. Body weight (BW) and feed intake (FI) were 
measured to calculate weight gain (BW gain) and feed conversion ratio 
(FCR). At 42 d, 3 birds per cage were weighed, stunned, exsanguinated, 
scalded, picked, eviscerated, and chilled. Chilled carcass weight without 
giblets (WOG) and carcass parts were measured. Dressing yield was 
calculated as WOG percentage of live weight. Parts yield was calculated 
as percentage of chilled WOG weight. Data were analyzed using GLM 
procedures of SAS. At 42 d, males consuming diets with 120 mg Zn/kg 
diet had higher BW and BW gain (P < 0.05), male BW was 2951, 3052, 
and 2905 g at 0, 120, and 240 mg Zn/kg diet, respectively. Female BW 
and BW gain were not affected by Zn. Males had greater FI (4332 vs. 
3981 g) and improved FCR (1.42 vs. 1.47 g:g) compared with females 
from 1 to 42 d. Birds consuming diets supplemented with 120 mg Zn/
kg diet had the best FCR (P < 0.01) with values being 1.46, 1.42, and 
1.46 g:g for 0, 120, and 240 mg Zn/kg diets, respectively. Males had 
higher (P < 0.01) WOG compared with females (2299 vs. 2051 g) but 
carcass yield was comparable among males and females, with no diet 
effect. Males had larger (P < 0.01) breast fillet, tender, wing, leg, and 
thigh weights, however, as a percentage, males had greater leg (11.4 
vs. 10.8%) and smaller wing (9.8 vs. 10.1%) percentages compared 
with females. Breast tender weight and percentage increased (P < 0.05) 
when dietary Zn was added. Breast tender weight was 101, 110, 110 
g, and percentage was 4.7, 5.0, and 5.0% at 0, 120, and 240 mg Zn/kg 
diet, respectively. Results indicated that supplementing 120 mg Zn/diet 
improved FCR and breast tender size. Males and females differed in 
their performance and parts yields.

Key Words: dietary zinc, broiler, performance, carcass yield

69   Stearidonic acid-enriched flaxseed oil increases bioactive 
lipid content of eggs. S. Nain*1, D. R. Korver1, I. I. Wenger1, R. J. 
Weselake1, C. Kazala1, X. Qui2, S. Shah3, L. Hall1, M. J. Zuidhof1, 
M. Betti1, and R. A. Renema1, 1University of Alberta, Edmonton, 
AB, Canada, 2University of Saskatchewan, Saskatoon, SK, Canada, 
3Alberta Innovates Technology Futures, Vegreville, AB, Canada.

Health agencies are advising people to increase consumption of the long 
chain (LC) n-3 fatty acids eicosapentaenoic (EPA) and docosahexaenoic 
acid (DHA). Flaxseed oil enriched in high stearidonic acid (SDA; 25%) 
and g-linolenic acid (GLA; 16%) content was compared with traditional 
flaxseed oil for its ability to contribute to increasing long chain (LC) 
n-3 polyunsaturated fatty acids (PUFA) in laying hens. Twenty-four 
individually caged White Leghorn laying hens (47 wk) were fed one 
of the 3 isocaloric and isonitrigenous diets for 21 d as follows: Control 
(basal diet + 4% corn oil), REGf (basal diet + 4% standard flax oil) or 
SDAf (basal diet + 4% SDA-enriched flax oil). At d 0, 7, 14 and 21, 
eggs from each hen were analyzed for fatty acids. After 21 d of feeding, 
liver, thigh, breast, heart, brain, abdominal fat pad and the rest of body 
were analyzed for fatty acid composition. Egg production, egg quality 
and hen BW were similar among treatments (P > 0.05). Egg yolk from 
SDAf- fed hens contained SDA at 0.27% of total fatty acids. The SDAf 
diet eggs also had an 8-fold increased yolk GLA. Both REGf and SDAf 
increased total egg n-3 PUFA compared with the Control diet (P < 
0.001). Although there was no difference in the total n-3 PUFA content 
between SDAf and REGf yolks, there was an increase of 56% in LC n-3 
PUFA in yolks from hens fed SDAf compared with REGf. There was 
a 4.5 fold increase in eicosatetraenoic acid (ETA; 0.12% vs. 0.53%), a 
1.5 fold increase in EPA (0.16% vs 0.24%), and a 2.5 fold increase in 
docosapentaenoic acid (DPA) (0.13% vs. 0.29%) in SDAf compared 
with REGf yolk lipids. Feeding SDAf compared with REGf resulted in 
more LC n-3 PUFA deposition in heart (1.35 vs. 0.73%), breast muscle 
(1.78 vs. 1.34%) and in all other tissues tested except the abdominal 
fat pad. In the abdominal fatpad, LC n-3 PUFA were minimal, indicat-
ing that enrichment was likely in the phospholipids rather than in the 
triglycerides. These results suggest that SDA-enriched flaxseed can be 
used in layer diets to increase LC n-3 PUFA in eggs.

Key Words: egg, modified flax, n-3 polyunsaturated fatty acid, steari-
donic acid, γ-linolenic acid

70   Reduction of Salmonella on turkey breast cutlets by plant-
derived molecules—carvacrol, eugenol and trans-cinnamalde-
hyde. D. V. T. Nair* and C. S. Sharma, Mississippi State University, 
Mississippi State.

Non-typhoidal Salmonella spp. is the major bacterial causes of food-
borne illnesses in the United States. Essential oils and their active com-
pounds are well known for their antimicrobial activity. The objective of 
this study was to evaluate the antimicrobial efficacy of 3 plant-derived 
molecules: carvacrol, eugenol and trans-cinnamaldehyde in reducing 
Salmonella on fresh turkey breast cutlets. Turkey breast cutlets were 
inoculated with a 3-strain cocktail of Salmonella (S. Enteritidis ATCC 
4931, S. Heidelberg ATCC 8326 and S. Typhimurium ATCC 14028) 
and treated with 0.5, 1, 2 and 5% (v/v) of carvacrol, eugenol and trans-
cinnamaldehyde. Antimicrobial solutions were prepared in phosphate 
buffered saline (PBS) and applied as dip treatment for 2 min at 4°C. 
Positive (inoculated and treated with PBS) and negative (non-inoculated) 
controls were included in the study. After treatment, all the samples 
were stored at 4°C and analyzed after 24h. The effect of antimicrobial 
treatments on pH of turkey breast cutlets was also assessed. Duplicate 
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samples were used for each treatment and the experiments were repeated 
3 times. Overall, all the treatments were effective in reducing Salmonella 
on turkey breasts cutlets (P ≤ 0.05) as compared with positive control 
at 1, 2 and 5% concentrations. Dose dependent reduction of Salmonella 
was observed, even though none of the compound resulted in signifi-
cant reduction when used at 0.5% concentration. Carvacrol was most 
effective in reducing Salmonella on cutlets with 0.9, 1.7, 2.6 log cfu/g 
reductions following 1, 2 and 5% treatments, respectively. Treating 
turkey breast cutlets with 1, 2 and 5% trans-cinnamaldehyde resulted in 
0.9, 0.9, 2.3 log cfu/g reductions, respectively. Eugenol was least effec-
tive among 3 compounds tested in this study causing 0.8, 1.1, 1.0 log 
cfu/g reductions with 1, 2 and 5% treatments. There was no difference 
in pH of turkey breast cutlets among control and treatments. The effect 
of these plant-derived compounds on the organoleptic properties of 
poultry products needs to be studied for maximum consumer acceptance.

Key Words: essential oil, Salmonella spp., turkey breast cutlet

71   Online and microbial surveys of the current practices for 
shell egg sanitization. M. N. Al-Ajeeli*, C. D. Coufal, and C. A. 
Alvarado, Texas A&M University, College Station.

Egg contamination and the subsequent recalls have become an important 
issue that can impact consumer’s concerns about shell egg safety. The 
objectives of this study were (1) to determine the current practices used 
in the industry for shell egg sanitization, and (2) to evaluate microbial 
loads on shell egg surfaces under the current sanitization practices. 
An online survey was developed to determine current egg sanitization 
methods used across the United States. The online survey included 
questions such as, facility location and size, egg shell color, shell egg 
sanitization chemicals, concentration, and sanitizer cost. A microbial 
survey was also conducted at 3 plants in Texas. Each plant was visited 
3 different days. Ten eggs were aseptically collected for aerobic plate 
count (APC) enumeration at 3 points during processing: prewash, post-
wash, and post-sanitizer spray. Results from the online survey (n = 82) 
indicated that chlorine was the most used sanitizer (81.7%) followed by 
quaternary ammonium compounds (11%). UV light was the only sani-
tizer used by 4.9%, and 2.4% of the plants used more than 1 type of egg 
sanitizer. Also, results indicated that 63.4% produce white eggs, 4.9% 
were brown, and 31.7% processed both white and brown-shelled eggs. 
Facility types were 56.8% in-line, 17.3% off-line and 25.9% processed 
both in-line and off-line eggs. For the microbial survey result, the data 
indicated that the average eggshell APC load was 4.58 log10 cfu/egg at 
prewash, 2.53 log10 cfu/egg post-wash, and 2.09 log10 cfu/egg following 
the sanitization step. Average wash water APC were 3.67 log10 cfu/mL. 
In conclusion, the current egg sanitization methods used in the industry 
reduce the natural microbial load on eggshells, but results indicate there 
is room for improvement in shell egg sanitization methods.

Key Words: shell egg, chlorine, quaternary ammonium, sanitization, 
survey

72   Reducing eggborne transmission of Salmonella Enteritidis 
in layer chickens by in-feed supplementation of trans-cinnamalde-
hyde. I. Upadhyaya*, A. Upadhyay, A. Kollanoor-Johny, S. Mooyottu, 
S. A. Baskaran, D. Karumathil, H. Yin, V. Bhattaram, D. T. Schreiber, 
M. Khan, M. J. Darre, and K. Venkitanarayanan, University of Con-
necticut, Storrs.

The efficacy of a GRAS-status, plant-derived compound, trans-cinna-
maldehyde (TC), for reducing eggborne transmission of Salmonella 
Enteritidis (SE) and organ colonization in layer chickens was investi-

gated in 2 separate trials using 24- and 40-wk-old birds. In each trial, 
120 single-comb White Leghorn hens were randomly assigned to 6 
treatments (n = 20/treatment): a negative control (−ve SE, −ve TC), 2 
compound controls (−ve SE, +ve 1% or 1.5% vol/wt TC), a positive 
control (+ve SE, −ve TC), a low dose treatment (+ve SE, +ve 1% TC) 
and a high dose treatment (+ve SE, +ve 1.5% TC). On d 0, birds were 
tested for any inherent Salmonella (n = 5/experiment), and TC was 
supplemented in the feed at the aforementioned levels for 90 d. On d 
14, birds in the positive controls, low dose and high dose treatments 
were challenged with SE (10 log10 cfu/bird) by crop gavage. After 7 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 90, 10 birds from each 
treatment were sacrificed to determine SE presence in the ceca, liver 
and oviduct. In both trials, TC supplementation at 1 and 1.5% decreased 
SE on shell and in the yolk (P < 0.05). Additionally, TC at both concen-
trations reduced SE in all 3 internal organs (P < 0.05) compared with 
control birds. Follow up mechanistic studies using cell culture and gene 
expression assays revealed that TC reduced SE adhesion and invasion of 
chicken oviduct epithelial cells, survival in chicken macrophages, and 
downregulated the expression of SE virulence genes critical for oviduct 
colonization (P < 0.05). No significant differences in egg production 
were observed among the different bird groups (P > 0.05). The results 
suggest that TC could potentially be used as a feed additive to reduce 
eggborne transmission of SE in layer chickens.

Key Words: Salmonella, egg, chicken, trans-cinnamaldehyde

73   Evaluation of novel essential oil-containing phosphate 
blends for growth inhibition of Listeria monocytogenes in ready-
to-eat products. G. Casco*, T. M. Taylor, and C. Z. Alvarado, Texas 
A&M University, College Station.

Essential oils (EO) and their constituents are reported to possess potent 
antimicrobial activity, but their use in food processing is limited due to 
low solubility in aqueous systems and volatilization during processing. 
The objective of this study was to evaluate 2 non-commercial EO-
containing encapsulated phosphate blends (EEOP) for antimicrobial 
activity against Listeria monocytogenes (LM) inoculated on 3 deli meats. 
Two trials of 4 treatments, EEOP-145 (T1, 0.45%) and EEOP-26 (T2, 
0.6%) on chicken and pork; or EEOP-245 (T1, 0.45%) and EEOP-26 
(T2) on beef, (percent of final product weight); a 2.0% potassium lactate 
control (PL, T3); and a negative control with no applied antimicrobial 
(NC, T4) were tested on a 25% added solution restructured pork ham 
formulated with 156 ppm of nitrite, a 25% added solution emulsified 
chicken bologna loaf (30% fat), and a 30% added solution restructured 
beef loaf. Products were formulated, manufactured, and cooked accord-
ing to industry practices, and were stored at 4°C. Five, 12 g individual 
slices from each treatment were inoculated with 6.0 log_{10}_ cfu/g of 
a 3-strain Listeria cocktail and individually bagged for sampling at 0, 
7, 14, 21, 28, 35, 42, and 49 d. Results indicated that in pork, EEOP-26 
and −145 did not significantly increase the lag phase but EEOP-26 was 
similar to PL and did decrease LM from d 21 through d 45. In chicken, 
EEOP-26 and −145 did not significantly increase the lag phase but 
EEOP-26 did decrease LM from d 30 through d 45 and was not sig-
nificantly different from PL. In beef loaf, EEOP-26 did extend the lag 
phase by 7 d and was significantly similar to PL in LM decrease through 
d 45. In conclusion, EEOP −145 and EEOP-245 were not significantly 
different from the control and would not be a PL replacer. However, 
EEOP-26 can function to replace PL to inhibit Listeria growth in ready-
to-eat (RTE) deli products.

Key Words: essential oil, phosphate, Listeria, potassium lactate, deli 
loaf
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74   Isolation of Salmonella Enteritidis from internal organs of 
experimentally infected laying hens housed in conventional or 
enriched cages. R. K. Gast*1, R. Guraya1, D. R. Jones1, and K. E. 
Anderson2, 1USDA-ARS, Athens, GA, 2Department of Poultry Science, 
North Carolina State University, Raleigh.

Human illness caused by Salmonella Enteritidis has been more fre-
quently linked to the consumption of contaminated eggs than to any 
other food source. This pathogen can be deposited inside the edible 
contents of eggs when reproductive organs are colonized in systemi-
cally infected laying hens. In recent years, the animal welfare conse-
quences of various housing systems for laying flocks have come under 
intense international scrutiny. However, the public health (food safety) 
implications of different laying hen production systems remain largely 
unresolved. The present study evaluated the effects of 2 types of housing 
(conventional cages and colony cages enriched with perching, nesting, 
and scratching areas) on S. Enteritidis invasion of internal organs in 
experimentally infected laying hens. In 2 trials, groups of laying hens 
housed in each cage system were orally inoculated with doses of 107 cfu 
of S. Enteritidis. At 5–6 d post-inoculation, hens were euthanized and 
samples of internal organs were removed for bacteriologic culturing. S. 
Enteritidis was recovered from 95% of cecal samples, with no significant 
differences observed between housing systems. However, S. Enteritidis 
was detected at significantly (P < 0.05) higher frequencies from hens 
in conventional cages than from hens in enriched cages for samples of 
livers (97% vs. 75%), spleens (94% vs. 53%), ovaries (25% vs. 10%), 
and oviducts (20% vs. 2%). These results suggest that production sys-
tems for housing egg-laying flocks can influence the susceptibility of 
hens to internal organ colonization by S. Enteritidis.

Key Words: Salmonella Enteritidis, chicken, internal organ, conven-
tional cage, enriched cage

75   Inhibition of Salmonella typhimurium by aerobic cecal flora 
of commercial broilers. A. Hinton Jr.* and K. D. Ingram, USDA-ARS, 
Athens, GA.

Ability of cecal microflora of broilers to inhibit growth of Salmonella 
was examined. Cecal cultures were prepared by collecting ceca of pro-
cessed broilers from a commercial processing facility, inoculating broth 
media with 10 µL of cecal contents, and incubating media aerobically 
at 35°C for 48 h. Fresh bottles of media were inoculated with 0.1 mL of 
the cecal culture, 104 cfu/mL of Salmonella Typhimurium, or the cecal 
culture and Salmonella Typhimurium. Aliquots of media were removed 
on d 0, 7, 14, and 21 for analysis during incubation at 35°C. Cecal 
bacteria and Salmonella were enumerated by incubating serial dilutions 
of samples on nonselective agar and Brilliant Green agar, respectively, 
and morphologically distinct cecal colonies were selected from agar 
and identified using the Biolog Bacterial Identification System. The 
pH of the samples was also measured. Results indicated that between 
d 0 and 7, there was a significant (P ≤ 0.05) increase in the number of 
colony-forming-units (cfu)/mL of Salmonella recovered from media 
inoculated with Salmonella only, but there was no significant increase 
in the number of Salmonella recovered from media inoculated with 
cecal cultures and Salmonella. Also, between d 7 and 21 there was a 
4.89 log decrease in Salmonella recovered from media inoculated with 
cecal cultures and Salmonella while there was only a 1.79 log decrease 
in Salmonella recovered from media inoculated with Salmonella only. 
Furthermore, between d 7 and 21 there was a 1.70 and 1.71 log decrease 
in aerobes recovered from media inoculated with the cecal culture only 
and media inoculated with the cecal culture and Salmonella, respectively. 
There was also a significant increase in the pH of all inoculated media 
between d 0 and 21. Proteus mirabilis and Enterococcus faecalis were 
the predominant bacteria in the flora of cecal cultures. Findings indi-
cate that cecal contents from processed broilers contain bacteria that 
can inhibit the growth of Salmonella Typhimurium. Understanding the 
anti-Salmonella activity of these bacteria may assist in identification of 
the components of effective probiotics.

Key Words: broiler, competitive inhibition, Salmonella, Proteus, 
Enterococcus
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Behavior and Well-Being I

76   Hen health and egg production: conventional cages vs. fur-
nished floor pens. J. Y. Hu*1, H. W. Cheng2, R. L. Dennis2, and W. 
K. Fulwider3, 1Purdue University, Animal Science Department, West 
Lafayette, IN, 2Livestock Behavior Research Unit, USDA-ARS, West 
Lafayette, IN, 3Organic Valley, CROPP Cooperative, LaFarge, WI.

Public concern about the welfare of hens kept in conventional cages has 
become an important issue worldwide. This study examined the effects 
of conventional cages (CC) and floor pens (FP) on hens’ health and egg 
production. A total of 84 19-wk-old Bovan Brown hens were randomly 
assigned into 2-bird cage (n = 12), providing 968 cm2 floor space per 
hen or 10-bird floor pens (n = 6), providing 3711 cm2 floor space per 
hen for 8 wks. The floor pens were furnished with perches, nest boxes, 
and wood shavings. Egg production was recorded up to 27 wk of age. 
Egg weight, egg quality and shell quality were measured at wk 23, 25, 
and 27. Plumage condition, foot health, mineral density of tibia, femur, 
humerus, and heterophil/lymphocyte (H/L) ratio were evaluated at wk 
27. Daily egg production, plumage condition, and feet hyperkeratosis of 
hens were not affected by the housing environment (P > 0.05). The mean 
claw lengths of caged hens were longer (CC = 1.11 ± 0.02, FP = 0.87 ± 
0.02, P < 0.0001) than those housed in floor pens. Compared with floor 
pen housed hens, caged hens had greater egg weight and larger width at 
23 wk of age (CC = 62.65 ± 0.85, FP = 57.83 ± 0.85, P = 0.001 and CC 
= 44.28 ± 0.22, FP = 42.99 ± 0.27, P = 0.001, respectively). However, 
the floor pen housed hens had higher shell mass at 23 wk of age (CC = 
0.09 ± 0.001, FP = 0.10 ± 0.001, P = 0.001). Floor pen housed hens also 
had greater bone mineral density in all 3 bones than that of the caged 
hens (P = 0.002). The H/L ratio, an immunological response parameter 
and stress indicator, was higher (CC = 3.76 ± 0.09, FP = 3.32 ± 0.09, P 
= 0.002) in caged hens. Overall, the results suggest that furnished floor 
pens may be a favorable alternative housing system to conventional 
cages for improving hen welfare; however, the cages still have certain 
advantages for egg production.

Key Words: layer, cage, floor pen, bone, egg parameter

77   Movement of hens housed in a commercial aviary system . D. 
L. M. Campbell*, J. M. Siegford, M. M. Makagon, and J. C. Swanson, 
Michigan State University, East Lansing.

Aviaries provide tiered cages and daytime litter access to laying hens 
but little is known about movement throughout this system and use of 
the litter resource throughout the day. This study, conducted in a com-
mercial aviary barn as part of the Coalition for Sustainable Egg Supply 
project, evaluated numbers of hens exiting and entering the tiered cage 
unit, using closed litter areas underneath the aviary unit, and out on 
the open litter area, as well as frequency of piling behavior (i.e., hens 
clustering together). Data were collected via video from 8 of 40 aviary 
sections in one barn over 1 d when hens were 27, 52 and 77 weeks of 
age. Total numbers of hens exiting and entering the cage unit as well 
as total numbers moving underneath the unit and returning to the open 
litter areas were counted over six 30-min time periods between 10:00 
and 21:30. Numbers of hens on the open litter area were counted every 
15 min over 3 2 h time periods throughout the day. All occurrences 
of piling were documented, describing total duration and peak size. 
The highest numbers of hens moving both in and out of the unit (P < 
0.0001) and between open litter and under the unit (P < 0.0001) were 
observed in the morning following aviary opening. The largest number 
of hens was seen on the open litter area between 15:00 and 17:00 (P < 

0.0001) and piling duration ranged from 2 min to 4 h with peak size of 
individual piles ranging from 10 to 125 hens. This study highlights hen 
movement throughout the aviary system and use of the litter resource.

Key Words: laying hen, aviary, litter use, CSES, piling

78   Dustbathing substrate affects mite populations and dust-
bathing behavior in laying hens. G. Vezzoli*1, B. A. Mullens2, and J. 
A. Mench1, 1University of California, Davis, 2University of California, 
Riverside.

Although it has been proposed that one function of dustbathing behavior 
is to help birds remove ectoparasites, few studies have evaluated the 
relationship between dustbathing and ectoparasite load. The effective-
ness of different dustbathing substrates in reducing northern fowl mite 
(Ornythonissus sylviarum) populations in laying hens was evaluated. 
Beak-trimmed White Leghorn hens (n = 32) were singly housed in 0.4 
m2 cages with 0.15 m2 plastic trays that were either empty (CONTROL), 
filled with 1200 g of sand (SAND), covered with AstroTurf (AT), or cov-
ered with AT on to which 150 g feed was delivered daily (ATF). AT and 
ATF were evaluated because of their use in the dustbathing/foraging area 
of many enriched colony housing systems. All hens were infested with 
mites at 25 wk of age. Mite populations were visually estimated weekly 
using a 0–7 scale, with 7 being =  > than 10000 mites. Dustbathing both 
in the tray and on the wire cage floor was recorded immediately before 
and at 1, 3, 5, and 7 wk after infestation, for 2 consecutive days from 
1200 to 2000 h. Data were analyzed using a GLMM. Mite populations 
peaked at 5 weeks post-infestation. There was an effect of substrate on 
mite populations (F3,28 = 3.72, P = 0.02) and on the percentage of time 
spent dustbathing in the tray (F2, 9 = 9.20, P = 0.007). AT hens dustbathed 
less than SAND or ATF hens (% ± SE = 27 ± 8.8, 75 ± 8.8 and 70 ± 
8.8, respectively). There was a significant week x substrate interaction 
for the percentage of time spent dustbathing on wire (F10,45 = 2.08, P = 
0.05). At 7 wk post-infestation AT hens spent more time dustbathing on 
wire than ATF hens (% ± SE = 57.4 ± 12.3, 1.9 ± 12.3). ATF hens across 
weeks had more mites than CONTROL, SAND or AT hens (mean scores 
± SE = 5.4 ± 0.29, 4.4 ± 0.29, 4.5 ± 0.29 and 4.1 ± 0.29; respectively). 
This study showed that highly infested AT hens preferred dustbathing 
on wire and confirmed that AT is not as well-used for dustbathing as 
loose substrate. In addition, these data suggest that providing ATF in 
enriched cages might lead to an increase in mite populations.

Key Words: laying hen, mite, dustbathing, substrate

79   Is feather pecking in laying hens functional? A. Harlander*1, 
B. Meyer2, I. Kriegseis3, and J. Zentek2, 1University of Guelph, Guelph, 
ON, Canada, 2FU Berlin, Institute of Animal Nutrition, Berlin, Ger-
many, 3University of Hohenheim, Stuttgart, Germany.

Recent studies in layers showed that feather peckers peck at, pluck and 
eat more feathers than non-peckers. In the first experiment we hypoth-
esized that layers bred for high feather-pecking activity (H) exhibit a 
higher number of severe feather pecking bouts, have a higher number of 
feathers in the gizzard and differ in bacterial metabolites due to feather 
degradation in the gut compared with layers bred for low feather-pecking 
activity (L). In the second experiment we hypothesized that layers 
provided feed containing feathers would exhibit reduced appetite for 
feathers and thus show reduced feather-pecking (FP) activity. In experi-
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ment 1 layers were kept in 12 groups of 10 birds each (6 groups of H, 
6 groups of L birds). At 59 weeks of age FP was recorded over a period 
of 5 weeks, after which 22 H birds with the highest and 22 L birds with 
the lowest were slaughtered. The number of feather particles in the giz-
zard and cecal microbial metabolites were investigated. In experiment 
2 180 day-old LSL birds were divided into 12 groups of 15 birds. Four 
groups each had access to either a pelleted commercial diet, a pelleted 
diet containing 10% of chopped feathers, or a pelleted diet containing 
10% of cellulose over a period of 17 weeks. FP was recorded weekly 
from wk 5 to 17. In the first experiment FP was higher (0.7 vs. 0.2 bouts; 
P < 0.001) and more feather particles (9.6 vs. 3.9; P < 0.01) were found 
in the gizzard of H than L hens. In the ceca the amounts of total lactate 
(1.9 vs. 0.1 mmol/l; P < 0.006), short-chain fatty acids (159.7 vs. 114.4 
mmol/L; P < 0.001) and propionate (25.8 vs. 22.3 mol%; P < 0.001) were 
higher in H birds. In the second experiment a significantly lower number 
of severe FP bouts in the 10% feather compared with the control groups 
(1.1 vs. 0.8 bouts; P < 0.0129) were recorded. The relationship between 
FP and eating and the gastrointestinal consequences thereof, which might 
alter FP, is unclear. Using hypothesis-driven research to understand this 
relationship is needed to clarify whether FP is a functional behavior.

Key Words: feather pecking, laying hen, feather eating, behavior, 
microbiota

80   Investigating injurious pecking and coping styles in two 
turkey strains. M. Erasmus* and J. Swanson, Michigan State Univer-
sity, East Lansing.

Injurious pecking (head pecking, feather pecking and cannibalism) 
remains problematic in the turkey industry. Previous research with 
chickens has shown that feather pecking (FP) differs among strains 
and may be associated with birds’ coping styles. Generally, proactive 
birds are more likely to develop feather pecking than reactive birds. The 
open field (OF) test is frequently used to assess fear and coping styles 
in poultry. Proactive birds are less fearful, more exploratory and more 
active in OF tests than reactive birds. The objectives of this study were 
to examine strain differences in FP and early OF test responses, and to 
determine whether early OF responses are associated with FP in turkeys. 
Male commercial and random-bred turkeys were each housed in groups 
of 16 in 4 pens. Behavior in an open field (2.74 × 2.74 m, divided into 
81 squares) was assessed on 2 consecutive days at 11 and 12 d (n = 40 
birds/strain). Measures recorded during OF testing included latency to 
vocalize, number of vocalizations, latency to ambulate, and number of 
squares entered. Behavior was video-recorded at 19 d and instantaneous 
scan samples were conducted at 5 min. intervals to determine the propor-
tion of time spent FP, and to identify birds that developed FP (P), and 
birds that did not (N). Results were analyzed using the LIFETEST and 
GLIMMIX procedures in SAS. The proportion of time spent FP was 
similar for both strains (commercial: 22%, random-bred: 23%). During 
OF tests, the mean (±SE) number of squares entered was higher for the 
commercial strain (2.9 ± 0.5 vs. 1.3 ± 0.6, P = 0.04). The mean (±SE) 
number of squares entered differed between P (2.0 ± 0.6) and N (1 ± 
0.6) birds (P < 0.02). Other OF measures did not differ. Although the 
observed FP frequency was similar between strains, results indicate 
that OF activity levels are higher among commercial turkeys selected 
for increased body weight. OF activity was higher among turkeys that 
displayed FP, which may be indicative of differences in coping styles 
between P and N turkeys.

Key Words: behavior, coping style, injurious pecking, open field test, 
turkey

81   Are qualitatively restrictive diets for broiler breeders pal-
atable? S. Torrey*1,2, A. Arnone1, K. Morrissey2, T. Widowski2, S. 
Leeson2, V. Sandilands3, and H. Classen4, 1Agriculture and Agri-Food 
Canada, Guelph, ON, Canada, 2University of Guelph, Guelph, ON, 
Canada, 3Scottish Agricultural College, Auchincruive, Ayr, Scotland, 
4University of Saskatchewan, Saskatoon, SK, Canada.

Qualitative dietary restriction is successful at reducing hunger-related 
behavior in broiler breeders without negatively affecting health and 
productivity. However, this restriction uses diets with high concentra-
tions of fibrous material and appetite suppressants which may not be 
palatable. We examined if there were differences in palatability by 
measuring hens’ preference between a standard commercial diet (C) 
and a treatment diet (F), and their motivation to gain access to their 
preferred diet. The treatment diet was a commercial diet supplemented 
with 400 g/kg soybean hulls and 3–5g/kg (age dependent concentration) 
calcium propionate. From 2 wk of age, 12 pens of 10 Barred Rock pullets 
were provided ad libitum access to both diets in their home pens. Birds 
were trained to associate each diet with a feeder color (blue or red) and 
location (left or right). All diet/color/location combinations were tested. 
Feed consumption was measured weekly. Birds consumed more C than 
F (75.4 ± 4.7 vs.1.5 ± 0.3 g/bird/d; P < 0.01). After a 16 h feed restric-
tion, 72 5-wk-old birds were tested for their preference in a Y maze over 
7 wk. Of the 41 consistent birds (those choosing the same feeder 5/7 
times), more chose C rather than F (36 vs. 5 birds; P < 0.001). Eleven 
consistent 20-wk-old birds were tested over 2 d for their motivation to 
access their preferred diet in an operant (push-door) test. There was a 
diet × color effect (P = 0.009). Birds pushed the most weight to gain 
access to the blue C feeder (554 ± 147 g/bird), intermediate weight to 
gain access to the red C (531 ± 234 g/bird) and red F (468 ± 162 g/
bird) feeders, and would not push weight to access the blue F feeder. 
There was a strong preference for C in both preference tests. Birds are 
willing to work to gain access to their preferred diet, but feeder color 
influences their motivation.

Key Words: broiler breeder, diet, restriction, preference, hunger

82   Influence of temperament and handling time on the physi-
ological indicators of stress in emus (Dromaius novaehollandiae). 
D. G. Menon*, D. C. Bennett, and K. M. Cheng, University of British 
Columbia, Vancouver, BC, Canada.

The behavioral response of emus toward handlers was examined in 3 
trials (n = 54) conducted to determine their welfare during handling 
and transport. The behavioral events consequent to rounding up, han-
dling, loading, transport, unloading and lairage were recorded using all 
occurrences sampling. Jumping and running were the most predominant 
events during handling and loading. The relationship between behavior 
and physiological changes were determined. Increase in total time taken 
to catch and load emus was associated with elevated corticosterone (rs 
= 0.32), alanine amino transferase (rs = 0.51), aspartate amino transfer-
ase (rs = 0.55) and creatine kinase (rs = 0.58) levels at slaughter. Emus 
handled (sampling, restraint, loading, unloading) for more than 8 min 
showed significantly (P < 0.05) higher concentrations of blood glucose 
(12.7 ± 0.4 and 10.1 ± 1.0 mmol/L), plasma corticosterone (29.3 ± 3.4 
and 15.1 ± 4.7 ng/mL), aspartate amino transferase (2429 ± 422 and 
1022 ± 577.2 IU), creatine kinase (15143 ± 1642 and 6705 ± 2249 IU), 
and lower white blood cell counts (P = 0.01; 13.4 ± 0.9 and 17.2 ± 1.2 
× 103 cells) than those handled for less than 8 min. Significantly higher 
plasma concentrations of corticosterone (P < 0.05; 46.3 ± 9.1 and 12.9 
± 6.0 ng/mL), alanine amino transferase (P < 0.001; 373 ± 69 and 84 
± 35 IU) and a trend for higher aspartate amino transferase, creatine 
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kinase and uric acid at slaughter were observed in emus which struggled 
and were very difficult to catch and manage than the less panicky ones. 
Emus seemed to be highly susceptible to handling stress. This study 
revealed the importance of reducing handling time while collecting blood 
samples and the role of stockmanship in improving the welfare of emus.

Key Words: handling time, stress, behavior, physiology, emu

83   Embryonated eggs exposure to formaldehyde vapor 
increases susceptibility to pulmonary hypertension in broilers 
when raised in suboptimal conditions. J. Bautista-Ortega*1,2, J. 
Vera-Lopez2, and J. Alamilla-Magaña2, 1University of Edinburgh, 
Edinburgh, United Kingdom, 2Colegio de Postgraduados, Campeche, 
Campeche, Mexico.

The effects of fumigation of late embryos with formaldehyde vapor on 
the respiratory tract of broilers and its relation with pulmonary hyperten-
sion syndrome (PHS) were studied. Two-hundred forty-six eggs from a 
31-week-old flock of a Ross Breeders male line were individually coded, 
weighed and incubated at 37.8°C and 60% r.h. At 18 d of incubation 
embryos were either exposed to 15 PPM formaldehyde (FORM; n = 
119) or were not exposed to formaldehyde and constituted the control 
group (NOFORM; n = 127). Hatchlings from both groups were brooded 
conventionally and at d 7 were randomly selected and either raised at 16 
°C (FORM-COLD, n = 35; NOFORM-COLD, n = 40) or raised under 
commercial temperatures (FORM-CTL, n = 33; NOFORM-CTL, n = 29) 
until wk 4. Hatchability (%Hatch); 2 wk and 4 wk hematocrit (%Hct), a 
measure of hypoxemia, and body weight (BW); 4 wk arterial pressure 
index (API = right ventricle weight / total ventricle weight), a measure 
of degree of hypertension; and, %PHS were measured. At wk 4 trachea, 
primary and secondary bronchi samples were taken from 6 birds from 
the 4 groups. Lesions scoring ranged from 0 for no pathological lesions 
to 3 for focal loss of epithelial cells. Data on hatchability was analyzed 
using a t-test and data from the rest of variables with a 2-way ANOVA; 
results are presented as Means ± SE %Hatch was 77% (92/119) and 92% 
(117/127) for the FORM and NOFORM groups, respectively. COLD 
birds were lighter than CTL ones at 4 wk (1067 g and 1189g ± 52 g). 
COLD chickens were more hypoxemic and hypertensive than the CTL 
chickens at 4 wk (36% and 28% ± 1%). At 4 wk, lesions were observed 
in the respiratory tract of the FORM groups, only (0 and 0.5 ± 0.21). At 
4 wk, %PHS was 16% (5/32), 7% (2/27), 0% and 0% for the FORM-
COLD, NOFORM-COLD, FORM-CTL and the NOFORM-CTL groups, 
respectively. Exposure of embryos to formaldehyde vapor during the 
last 3 d of incubation reduced hatchability, increased respiratory tract 
damage and increased mortality due to PHS when raised under ascites-
inducing conditions.

Key Words: formaldehyde, broiler, pulmonary hypertension, respira-
tory tract, low temperature

84   Application of wireless electroencephalogram (EEG) to mea-
sure stress in White Pekin ducks. E. M. Pritchett*1, M. P. Caputo1, 
A. G. Rogers1, R. L. Alphin1, E. R. Benson1, and A. L. Johnson2, 1Uni-
versity of Delaware, Newark, 2University of Pennsylvania, Kennett 
Square.

The objective of this project was to evaluate the use of electroencepha-
lography (EEG) to quantitatively evaluate stress in poultry. Twenty-two, 
5-week-old White Pekin ducks were implanted with EEG transmitters. 
Data was collected over a 5-week period in which individual ducks 
were treated with the following known stimuli: auditory (88 dB alarm), 
environmental (~50 ppm NH3), or mild electric shock (~60 mA) via a 

training collar. Birds were placed individually in a controlled chamber 
and treated with one of the randomly selected stimuli while being 
monitored for EEG during a 45-min (2700 s) trial. Electrocardiograms 
(ECGs) were collected to measure heart rate in beats per minute (bpm) 
throughout each trial. Blood plasma corticosterone was evaluated as a 
standard measure of stress. All birds received each stimulus at least once 
as well as a baseline trial of 45 min during which no stimulus was pre-
sented for comparison. After trial completion, EEG files were analyzed 
on both a raw and frequency basis for identifiable signs. EEG results 
showed a significant increase in relative delta frequency for mild electric 
shock (0.482 ± 0.023 SEM) over baseline values (0.434 ± 0.023 SEM) 
during the stimulus period. No differences were seen between auditory 
and ammonia when compared with baseline levels in any frequency. 
ECG results showed a significant increase in bpm during the last 30 
s of the stimulus period for mild electric shock when compared with 
baseline levels. Ammonia ECG results showed a significant decrease 
in bpm during the last 30 s of the stimulus period when compared with 
baseline bpm. Auditory ECG results indicated no difference when 
compared with baseline bpm. All tests were conducted at the 10% (α = 
0.1) level. Based on EEG and ECG results, mild electric shock resulted 
in a stress response that was detected in the EEG via an increase in the 
relative delta frequency. Corticosterone results are inconclusive, but 
raise questions about whether ambient stress may be similar to or greater 
than experimental stress.

Key Words: poultry, welfare, electroencephalogram (EEG), electro-
cardiogram (ECG), corticosterone

85   Feeding management has a basic impact on the behavior of 
traditional poultry breeds. I. Tiemann*, C. Pütz, and M. Fellmin, 
Bruno-Dürigen-Institute, Poultry Research Center, Rommerskirchen, 
Germany.

Exploration, learning and choice behavior are part of poultry’s daily life 
and enable animals to cope with the human environment. Moderate feed 
restriction might alter internal motivation which drives e.g., foraging and 
explorative behaviors. We tested if feeding procedures have an impact on 
the behavior of chickens (Breda, Japanese Bantam) and pigeons (Rhine 
Ringbeater, Classic Old Frill) in standardized experiments. Procedures 
were food ad libitum and food restriction to 85% of the normal body 
weight. To control for health, animals were weighted daily. For each 
test, half of the sample group (n = 6) was fed ad libitum and half (n = 
6) was on food restriction. Animals were observed only once per test. 
Experiments were run in an open field, plus maze and y-maze. In the 
open field, animals were tracked and track length was analyzed. In the 
plus maze, animals were rewarded in each arm. The test was successfully 
completed when animals visited each arm only once. In the y-maze, 
different stimuli were presented: a) food and conspecific, b) food and 
human, c) conspecific and human. Latency and choice behavior were 
analyzed. We found differences between species in their response to food 
restriction. Whereas chickens did not show any food-related changes 
in the open field (1234.03 ± 1477.52 cm), pigeons showed enhanced 
exploration (5384.77 ± 4254.46 cm) under food restriction (P = 0.01) 
compared with ad libitum (1699.06 ± 2364.38 cm). In the plus maze, 
days to reach criterion was not influenced by feeding in the chicken 
(13.63 ± 8.48 d) but was in the pigeon (P ≥ 0.001; ad libitum 37 ± 8.68 
d, restriction 12 ± 6.36 d). Choice behavior in the y-maze did not differ 
between species but was influenced by food procedure. Presented food 
was chosen more often when under restriction than under ad libitum in 
both species (P ≥ 0.001). Conspecifics were chosen before the human, 
which was exaggerated in the ad libitum condition (P ≥ 0.001). Food 
restriction has an impact on social behavior of poultry but only pigeons 
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respond with a higher motivation in terms of exploration and learning 
rate. Food restriction in the chicken has a lower impact and may not 
serve as an enhancer for behavior patterns.

Key Words: chicken, pigeon, food, behavior, poultry

86   Social choice behavior in different domestic pigeon breeds. 
M. Fellmin* and I. Tiemann, Bruno-Dürigen-Institute, Poultry 
Research Centre, Rommerskirchen, Germany.

The purpose of the following study was to analyze if pigeons prefer the 
proximity of flock mates compared with strangers, as has been shown 
for chickens. Pigeons are monogamous, which makes the interaction 
with their own partner of great importance. There are also behaviors 
which are expressed in a flock community such as searching for food 
or breeding in colonies. Additionally, pigeons are highly visual animals 
with a lateralized visual system. Visual input of one eye is mainly pro-
cessed in the other hemisphere. By closing one eye, the opposite brain 
hemisphere can visually be “switched off” and, thus, different questions 
about lateralization can be analyzed. Pigeons (n = 61) of 3 different 
breeds were tested in a multiple choice arena with a standardized test 

procedure. Analyzed breeds were Texan Pioneer, a breed bred for meat 
production; Classic Old Frill, an old fancy pigeon breed, and Homing 
Pigeon, a modern sport breed for racing competitions. In the multiple 
choice arena, a focus pigeon could choose from 4 live stimulus animals 
of which 2 were flock mates and 2 strangers, all of the same breed. Time 
spent next to stimulus pigeons within 15 min was analyzed. Experiments 
were run on 3 consecutive days, first under binocular viewing conditions 
and the other 2 d under monocular viewing to assess the impact of lat-
eralization on choice behavior. Data were analyzed using a multivariate 
analysis followed by t-tests for dependent samples. Data indicate that 
pigeons prefer the proximity of their flock mates but only when using 
both eyes (P = 0.016; 58.1% ± 32.5%). When only one eye was used, 
pigeons choose randomly (left eye: P = 0.17; 49.9% ± 40.5%; right eye: 
P = 0.89; 41.5% ± 39.9%). These results demonstrate that the binocular 
visual field is needed for individual recognition and, thereby, information 
processing in both brain hemispheres. Pigeons show a preference for the 
proximity of flock mates which can be explained by social behaviors. 
This preference is not influenced by the stimulus bird’s breed.

Key Words: pigeon, choice behavior, multiple choice arena, flock 
mate, lateralization



31Poult. Sci. 92(E-Suppl. 1)

Environment and Management II

87   Incubation factors affecting embryonic development and 
hatch quality in Ross 308 broiler chicks. J. A. Hamidu*1,2, C. A. 
Torres2, M. L. Johnson2, and D. R. Korver2, 1Kwame Nkrumah Uni-
versity of Science and Technology, Kumasi, Ghana, 2University of 
Alberta, Edmonton, AB, Canada.

The impact of maternal flock age and incubation on embryo metabolism 
was studied to understand late incubation overheating and mortality in 
Ross 308 embryos. Fresh broiler hatching eggs (n = 45) were obtained 
from commercial breeder flocks at 3 ages: Young (Y): 25 to 34 wk, Peak 
(P): 35 to 45 wk, Old (O): 46 to 54 wk of age), stored for 2 to 4 d at 18°C 
and 73% RH, then incubated for 14 d at 37.5°C and 56% RH. At 15 d of 
incubation (E15), 12 fertile eggs per flock age were placed individually 
in metabolic chambers and subjected to one of 4 machine temperatures 
(MT; 36.0, 36.5, 37.0, or 37.5°C) until E21.5. The O2 consumption, 
CO2 production and eggshell temperatures (EST) were recorded and 
embryonic heat production (EHP) calculated and used as an indicator 
of embryonic metabolism. At E21.5, quality was assessed using chick 
weight, length, pipping and hatching times. Data were analyzed by the 
Proc Mixed procedure of SAS at P < 0.05 significance level. Relation-
ships among MT, parent flock age, EHP and EST were determined by 
regression. There were no differences in daily O2 consumption, CO2 
production or EHP between maternal flock ages or MT. Daily EST was 
not affected by flock age. The EST at 37.5°C was higher than all other 
MT treatments except at E20 where it was not different from 37.0°C 
MT. The daily EST at 37.0°C MT was also higher than the daily EST at 
36.5°C and 36.0°C, while 36.5°C had higher daily EST compared with 
36.0°C MT. The MT showed a strong positive linear relationship with 
EST (R2 = 0.89) but there was no relationship between EST and EHP. 
Egg weight and chick weight increased as flock age increased. There 
was no effect of flock age on chick length or pipping time but hatching 
time was shorter for 37.0°C MT compared with all other temperatures. 
In conclusion, MT had a much greater effect on embryo development 
than maternal flock age in Ross 308 embryos.

Key Words: breeder flock age, incubation temperature, heat production, 
eggshell temperature, chick quality

88   Effect of hen age and late incubation temperature on bone 
development of Ross 308 broiler chicks. C. A. Torres*1, J. A. 
Hamidu1,2, M. L. Johnson1, and D. R. Korver1, 1University of Alberta, 
Edmonton, AB, Canada, 2Kwame Nkrumah University of Science and 
Technology, Kumasi, Ghana.

We have previously shown that femur strength was greater in day-old 
Ross 708 chicks from hens at 35 to 45 wk and 46 to 54 wk compared 
with those from 26 to 34 wk-old flocks. Furthermore, a temperature of 
36°C from d 15 of incubation (E15) to hatch increased bone strength of 
chicks relative to 36.5 or 37°C. We investigated the effects of maternal 
flock age, incubation temperature and bone development in chicks 
from Ross 308 breeders. Eggs (n = 12 per hen age [Young: 26 to 34 
wk; Mid: 35 to 45 wk and Old: 46 to 54 wk of age]) were obtained 
from commercial flocks and incubated for 14 d at 37.5°C and 56% RH. 
At E15, eggs were transferred to individual metabolic chambers and 
placed inside an incubator at one of 4 incubation temperatures (36.0, 
36.5, 37.0, or 37.5°C) until E21.5. At hatch, femurs were sampled to 
determine proportions of calcified and non-calcified regions of bone 
([calcified tissue area/whole bone area]*100) and breaking strength. Dif-

ferences were determined using PDIFF of LSMeans with chick weight 
as a covariate. The relationship among the main effects on bone traits 
were determined using Pearson correlation analyses with significance 
assumed at P < 0.05. Femurs of chicks from Young flocks tended to be 
weaker relative to chicks from Old flocks (P = 0.0539); in our previous 
sttudy, chicks from Ross 708 flocks were found to have stronger bones 
at hatch as hens aged. Furthermore, femur strength and mineralization 
were moderately and positively correlated with flock age (R = 0.5778 
and R = 0.3682, respectively, both at P < 0.0001). Incubator temperature 
did not influence bone characteristics at hatch; this lack of response is 
inconsistent with our previous observations in Ross 708 chicks and 
might be due to strain differences or the small sample size in both 
studies. Overall, parent flock age was the main factor influencing bone 
mechanical strength in Ross 308 chicks at hatch; bone quality tended 
to increase with increasing parent flock age.

Key Words: breeder flock age, incubation temperature, breaking 
strength, bone mineralization

89   Effect of incubation temperature profile on broiler foot-
pad dermatitis. M. J. Da Costa1, E. O. Oviedo-Rondón*1, C. B. V. 
Rabello1,2, A. Sarsour1, M. C. Diaz1,3, and M. J. Wineland1, 1Depart-
ment of Poultry Science, North Carolina State University, Raleigh, 
2Universidade Federal Rural de Pernambuco, Recife, Pernambuco, 
Brazil, 3Universidad de Ciencias Aplicadas y Ambientales, UDCA, 
Bogota, Cundinamarca, Colombia.

Exposure to improper temperatures during incubation has been reported 
to impair broiler health during the grow-out period. Recently, hatchery 
effects on footpad dermatitis (FPD) were reported. One study was con-
ducted to evaluate the effects of 2 incubation temperature (INC) profiles 
on FPD in broilers at 7 and 13 d. A total of 1000 eggs from Cobb 500 
fast-feathering breeders were divided in 2 groups and incubated follow-
ing 2 INC profiles to either maintain eggshell INC at 38.0 ± 0.3°C (S) or 
have eggshell INC similar to the ones observed in multistage machines. 
This second profile had low (36.9 ± 0.3°C) eggshell INC for the first 
3 d, and standard INC until the last 3 d when they endured elevated 
(38.9 ± 0.3°C) eggshell INC. At hatch, 180 broilers per treatment were 
placed in 15 pens with new pine wood shavings, each with 6 males and 
6 females. At 7 d incidence of FPD was evaluated classifying each bird 
as with or without lesion. Severity and extension of FPD lesions were 
assessed at 13 d using a 4 level scale for each parameter. Additionally, 
a pool of litter material from 6 points was sampled to calculate moisture 
content at 13 d. Data were analyzed using a Poisson probability model 
in a CRBD with INC and SEX as main factors. At 13 d litter moisture 
was used as covariate. No effects (P > 0.05) of treatments were observed 
at 7 d. Nevertheless, 38% of the population had FPD lesions by the 
end of the first week. At 13 d an INC effect (P < 0.05) was observed 
on FPD severity. Chickens incubated with LH INC had higher FPD 
severity scores. Additionally, a trend (P = 0.08) was observed on FPD 
extension. The LH INC increased the extension of paw lesions. Gender 
of broilers and litter moisture did not have significant effects at 13 d. 
It was observed that deviations from standard eggshell temperatures 
during incubation can aggravate FPD on the early stages of life and 
affect negatively animal welfare.

Key Words: footpad dermatitis, incubation temperature, broiler
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90   Incubation temperature profile and trace mineral source 
effects on broiler footpad structure. M. J. Da Costa*1, E. O. Oviedo-
Rondón1, W. Nogueira1,2, J. Barbosa1,3, A. Sarsour1, D. Maxwell1, 
K. Claassen1, and M. J. Wineland1, 1Department of Poultry Science, 
North Carolina State University, Raleigh, 2Universidade Estadual 
Paulista, FVMZ, Jaboticabal, São Paulo, Brazil, 3Universidade Fed-
eral de Santa Maria, Santa Maria, Rio Grande do Sul, Brazil.

Incubation conditions and dietary trace minerals (TM) have been 
reported to be involved with footpad dermatitis (FPD). This experi-
ment evaluated the effects of 2 incubation temperature (INC) profiles 
and 2 trace mineral (TM) sources on footpad development at hatch, 7 
and 21d. A total of 1000 Ross 708 eggs were divided in 2 groups and 
incubated following 2 INC profiles to either maintain eggshell INC at 
38.9 ± 0.3°C (S) or have eggshell INC similar to the ones observed in 
multistage machines. This second profile had low (36.9°C) eggshell INC 
for the first 3d, and standard INC until the last 3d when they endured 
elevated (38.9°C) eggshell INC. At hatch, 30 chicks from each INC 
were selected and footpads sampled for histological analysis. Addition-
ally, 168 males per INC were placed in 24 battery cages with 7 chicks 
per cage. The 48 cages were then assigned to 2 TM dietary treatments, 
one with inorganic sources of Zn, Cu, and Mn (ITM) at 120, 10, 120 
ppm levels of inclusion and other with an organic (OTM) source of 
these TM chelated with 2-hydroxy-4-(methylthio)butanoic acid using 
32, 8, 32 ppm inclusion levels. At 7 and 21d 2 chickens were sampled 
for footpads. Histological analysis assessed thickness and total area of 
stratus corneum (SC), epidermis and dermis and total papillae height 
in footpad skin. At 21d a pool of footpads from 3 birds per cage was 
collected for collagen analysis through hydroxyproline quantification. 
Data were analyzed as a CRBD with a 2x2 factorial design with INC 
and TM diets as main factors. Results indicated that dermis parameters 
and papillae height and width were increased by S INC at hatch. At 7d 
both SC length and area were increased by S INC. ITM diets at 7d also 
induced bigger epidermis area in comparison with OTM. At 22d OTM 
diets increased dermis length and area, and papillae height. No effects 
were observed on collagen quantification analysis. In conclusion, it 
was observed that INC and TM sources affected footpad structure that 
may influence FPD susceptibility. Reduction of TM levels by using this 
OTM improved footpad skin traits while reducing environmental impact.

Key Words: footpad development, incubation temperature, trace 
mineral

91   Evaluation of a hydrocolloid hatchery supplement on con-
sumption rate and transport weight loss of turkey poults. R. D. 
Malheiros*, A. A. Ayoola, L. V. F. M. Carvalho, and P. R. Ferket, 
Department of Poultry Science, North Carolina State University, 
Raleigh.

Dehydration weight loss is critical to post-hatch survival of turkey poults, 
especially during long periods of transport before access to feed and 
water. HYDROGEL (HY) (ClearH2O, Portland, ME) is a non-wetting 
hydrocolloid product used to meet the hydration and nutrient supple-
mentation needs of research animals during transport, and it may help 
minimize transportation distress of commercial poults. Two experiments 
were conducted to evaluate the use of HY as an oral supplement to 
maintain hydration during post-hatch transport of poults. In experiment 
1, 500 d-old sexed and serviced poults were tagged, weighed, and placed 
in open poult transport boxes as 2 groups of 250 poults. The unfed con-
trol group (CON) was held in the poult boxes as conventional practice. 
The other group was offered HY cubes for ad libitum consumption in 
feeder trays affixed to the poult box quarter dividers for 2.5 h, and then 
they were weighed individually. All the birds were transported 1300 

km for 18 h and individually weighed to determine weight loss during 
transport. During the 2.5 h feeding period, 2.53 ± 0.645 g of HY was 
consumed/poult. After the 18 h transport, the HY poults exhibited 
less BW loss than controls (7.4% vs 8.1%, P < 0.005). Experiment 2 
evaluated the effect of 2 textural consistencies of HY: a cubed gel (CG) 
and a ground gel (GG). Both forms of HY were offered for ad libitum 
consumption as in experiment 1 for a period of 1 h. Each HY treatment 
was replicated by 10 poult boxes containing 80 poults each. The GG 
form of HY was observed to be most palatable, as indicated by greater 
consumption during 1 h of exposure in comparison to the CG (4.1 g 
vs. 1.7 g /poult, P < 0.001) and greater weight gain (2.85 g vs. 0.85 g/
poult, P < 0.001). Our results confirm that the post-hatch supplement 
HY reduces dehydration weight losses of poults during transport, and 
this benefit may depend on the amount and rate of HY consumed, as 
influenced by textural form.

Key Words: hydrocolloid gel, post-hatch supplement, transport dehy-
dration, turkey poult

92   See P92 (page 95)

93   Time-limited feeding of grower feed negates the effects of 
corn particle size, dietary energy level, and post-pellet liquid fat 
application on broiler live performance from 14 to 28 days of age. 
S. Auttawong1, J. Brake*1, C. Stark1, and S. Yahav2, 1Department of 
Poultry Science, North Carolina State University, Raleigh, 2Institute of 
Animal Science, ARO, the Volcani Center, Bet Dagan, Israel.

A floor pen experiment evaluated the effect of corn particle size, dietary 
metabolizable energy (ME) level, and mixer or post-pellet liquid fat 
application in the presence of either time-limited or ad libitum feeding 
and used wood shavings litter on broiler live performance from 14 to 
28 d of age. The 1,440 Ross 344 × 708 male chicks were assigned to a 
factorial arrangement of treatments consisting of 2 dietary inclusions of 
coarse corn (CC; 0 and 35% of total dietary corn), 2 dietary ME levels 
(2.95 kcal ME/g or 3.05 kcal ME/g), and 2 liquid fat application methods 
(all fat in mixer or 0.75% in mixer plus the remainder added post-pellet), 
in the presence of 2 feeding programs (ad libitum or time-limited). Each 
of the 16 treatment combinations was replicated with 6 pens of 15 birds 
each. Fine corn (FC) was ground with a hammermill to 262 microns (2.4 
mm screen) while CC was ground with a roller mill to 1082 microns. 
The FC and CC were blended to create the CC inclusion levels. Feed 
intake (FI) and BW were determined at 14 and 28 d of age and adjusted 
feed conversion ratio (AdjFCR) was calculated by including BW of 
mortality. The CC improved AdjFCR and the low ME diet increased FI 
in the presence of ad libitum feeding only. Further, in the presence of 
time-limited feeding FI was the same so that lower BW resulted from 
the low ME diet. Post-pellet fat addition has been reported to improve 
pellet quality and feed intake in such a manner that FI and BW would 
be increased but such a FI effect was only evident in the presence of ad 
libitum feeding in this study. The interaction of feeding program with 
CC, dietary ME, and site of fat addition suggested that in the absence 
of ad libitum feeding broilers were more hungry and consumed all feed 
when provided such that there was no discrimination concerning dietary 
ME or pellet quality. Further, during periods without feed the broilers 
consumed litter so that the beneficial effects of CC were negated.

Key Words: broiler live performance, corn particle size, time-limited 
feeding, dietary energy
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94   Precision broiler breeder feeding system improved body 
weight uniformity. M. J. Zuidhof*1, I. I. Wenger1, C. A. Ouellette1, C. 
C. Kirchen3, E. H. M. Lou2, and M. V. Fedorak2, 1University of Alberta, 
Edmonton, AB, Canada, 2Xanantec Technologies Inc., Edmonton, AB, 
Canada, 3Karve Machine Inc., Edmonton, AB, Canada.

With annual increasing disparity between broiler growth potential and 
broiler breeder target BW, free-run broiler breeder flock uniformity is 
becoming more difficult to achieve. A precision broiler breeder feeding 
system (PBBFS) was designed to automatically feed ‘the right bird the 
right amount of feed at the right time’ by supplementing feed intake 
of low BW hens. A pilot study was conducted to evaluate the effect 
of the PBBFS on flock BW variability (CV) and ADG. The system 
was capable of using real-time BW feedback from hens that entered 
the feeding station to provide or prevent access to feed. A flock of 25 
broiler breeder hens was introduced to the feeding station at 51 wk of 
age. Birds were trained to eat from the station by placing them into the 
station 3 or 4 times over the first 3 d. Feed was available on the floor of 
the station and inside the feeder during training. Over 14 d following 
the training period, the flock was fed a daily fixed amount of feed (140 
g/bird) divided over 2 pan feeders, and the feeding station was used to 
supplement feed for underweight hens. Any hen with a BW under 3.5 
kg was allowed to eat feed from the station for a 2.5 min feeding bout 
before being gently ejected from the station. Any hen above 3.5 kg was 
ejected gently from the feeding station without receiving any feed. Body 
weights were manually recorded 7 times over the experimental period 
to observe the serial trend in BW CV. Birds were grouped according 
to initial BW: Low BW birds weighed less than 3.5 kg and High BW 
birds weighed 3.5 kg or more at the start of the experiment. Average 
daily BW gain was compared between groups. Starting BW was 4.055 
kg, with a CV of 18.0%. A significant decrease in overall flock BW CV 
of 0.17% per day (R2 = 0.67; P = 0.02) was observed. Birds in the Low 
BW group had a higher ADG than birds in the High BW group (14.1 
vs. −6.5 g/d; P = 0.03). Short-term precision feeding was a successful 
strategy for improving flock uniformity in free-run broiler breeder hens.

Key Words: broiler breeder, feed restriction, flock uniformity

95   Energetic efficiency of broiler breeder hens is affected by 
dietary energy. A. Pishnamazi*, R. A. Renema, and M. J. Zuidhof, 
University of Alberta, Edmonton, AB, Canada.

Dietary energy is the primary driver of broiler breeder BW gain. 
An understanding of the relationship between dietary energy and 
energetic efficiency of the bird can increase accuracy of changes in 
feed allocation. The current model was developed to estimate partial 
coefficients of ME partitioning of broiler breeder (BB) hens. A total of 
384 individually caged Ross 708 hens were fed a High (2,900 kcal/kg) 
or Low ME (2,800 kcal/kg) diet from 25 to 60 wk of age. Hens were 
photostimulated at 23 wk and maintained on a breeder recommended 
target BW. Feed allocation was adjusted twice per wk until 38 wk of age 
and once per wk thereafter. Individual egg weight was recorded every 
day. The nonlinear mixed model employed a normally distributed term 
associated with hen metabolic BW, and an exponential term of ADG 
and egg mass. A standard metabolic BW coefficient of 0.75 was used to 
estimate maintenance requirements. The residuals from a regression of 
maintenance requirement (MEm) vs. ME intake (residual maintenance 
requirement; RMEm) was used to estimate individual bird efficiency. 
Smaller values indicated greater efficiency. The average MEm was 142 
kcal/kg0.75. The ME requirement for BW gain was 1.60 kcal/g/BW-1.46, 
and for egg production was 0.84 kcal/g. Birds fed the High ME diet were 
more efficient than hens fed the Low ME diet (RMEm = −0.73 and 0.75 
kcal/kg0.75, respectively; P < 0.0001). Birds fed Low ME had higher 

MEm compared with hens fed High ME during the laying phase (142.3 
vs. 140.8 kcal/kg0.75, respectively). Feed consumption was 5.1% higher 
for hens on the Low ME diet compared with the High ME diet (140.5 
vs. 133.4 g/d, respectively). The MEm increased 0.05 kcal/kg0.75 for 
every 1 g increase in feed intake (P < 0.0001). There was no difference 
between the Low and High ME treatments in feed:egg ratio (3.2 and 3.1 
g/g, respectively; P = 0.13). High ME diets during lay decreased feed 
intake and MEm and increased BB energetic efficiency.

Key Words: broiler breeder hen, energetic efficiency, dietary energy, 
energy requirement

96   Use of pyrosequencing and DNA fingerprinting techniques 
for examining effects of mannan-oligosaccharides and probiotics 
on cecal microbiome of broilers reared under chronic-heat stress. 
M. U. Sohail*2,1, M. E. Hume1, J. A. Byrd1, A. Ijaz3, H. Rehman3, and 
D. J. Nisbet1, 1USDA-ARS, College Station, TX, 2Government College 
University, Faisalabad, Punjab, Pakistan, 3University of Veterinary 
and Animal Sciences, Lahore, Punjab, Pakistan.

The present study is aimed at elucidating effects of oral supplementa-
tion of beneficial microbes and/or oligosaccharides in broilers raised 
under heat stress (HS) conditions. Prebiotic mannan-oligosaccharides 
(MOS) and probiotics mixture (PM) are considered as good alternates 
to antibiotics and are frequently used to enhance animal production. 
These supplements are believed to promote the growth of friendly, 
health-promoting bacteria. Four hundred and 50 1-d-old chicks were 
randomly divided into 5 groups and fed corn-soybean diet ad-libitum. 
The thermoneutral control (TN-CON) group was held at the normal 
ambient temperature, whereas HS groups were held at 35 ± 2°C from 
d 1 to 42. Heat stress groups consisted of: HS-CON fed the basal diet 
(BD); HS-MOS fed BD, 0.5% MOS; HS-PM fed BD, 0.1% PM; and 
HS-SYN fed BD, 0.5 MOS and 0.1% PM. Cecal digesta samples col-
lected at d 21 and 42 were DNA-extracted. Denaturing gradient gel 
electrophoresis (DGGE) was performed to determine changes in cecal 
microbiome according to percentage similarity coefficient (%SC) 
index. Pyrosequencing of cecal DNA was performed for bacterial 
identification. Results from DGGE revealed that HS changed cecal 
micorbiome. Additionally, MOS and PM had little effect on minimizing 
these changes. Pyrosequencing revealed Lactobacillus sp., Clostridium 
sp., Streptococcus sp., Fecalibacterium sp. as the most abundant spe-
cies found in TN-CON (3.80, 11.97, 6.47, 42.23%), HS-CONT (58.14, 
7.52, 0.14, 6.78%), HS-MOS (14.03, 9.71, 0.21, 39.88%), HS-PM 
(48.38, 7.00, 0.74, 16.84%), and HS-SYN (28.28, 14.21, 0.04, 7.37%) 
group, respectively. These results reflect that though stress and dietary 
treatments altered microbiome, prebiotic and probiotic treatments had 
little effect on minimizing shifts in bacterial populations elicited under 
heat stress conditions.

Key Words: broiler, microbiome, pyrosequencing, probiotic, heat stress

97 Withdrawn

98   Effects of the concurrent supplementation of arginine, 
vitamin E and vitamin C after a challenge with Eimeria spp. 
on immune response and oxidative stress in broiler chickens. P. 
Domínguez*1, J. Sánchez1, A. Pro-Martínez1, D. Caldwell2, and C. A. 
Ruíz-Feria2, 1Colegio de Postgraduados, Texcoco, Estado de México, 
México, 2Texas A&M University, College Station.
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Oxidation is a major problem associated with pathogen damage in 
animals. One day old mixed broiler chicks (Cobb 500; n = 624) were 
randomly assigned to one of 6 treatments: a basal diet (CTL; 40 mg of 
vitamin E (VE) kg−1 of feed and 1.5% Arginine (Arg)) or the basal diet 
plus Arg (ARG; 0.3%), Arg + VE (AVE; 0.3% and 40 mg kg−1), Arg + 
VC (AVC; 0.3% and 1 g kg−1), VE + VC (VEC; 40 mg + 1 g kg−1), or 
Arg + VE + VC (AVEC; 0.3% + 40 mg + 1 g kg−1). At d 14 all birds were 
orally challenged with 100x the normal dose of Advent cocci-vaccine 
(45 × 104 oocysts). Body weight (BW) was recorded weekly. Intestinal 
lesion scores (LS) in duodenum, jejunum and ceca were recorded, along 
with relative immune system organ weights at d 23. Plasma samples 
were taken before (2h) and after (12, 24 and 48 h) challenge to determine 
malondialdehyde (MDA), nitric oxide (NO) and glutathione peroxidase 
activity (GPx). Birds fed the VEC diet were heavier (P < 0.05) than 
birds fed the AVE (7 d) and AVC diet (42 d). Birds fed the CTL diet had 
heavier (P < 0.05) bursa than birds fed the AVC diet, with no differences 

among treatments for spleen and thymus. The jejunum LS was lower 
in birds fed the AVC than in CTL birds, whereas ceca LS was highest 
in birds fed the AVE diet, and the duodenum LS was not affected by 
treatment. Birds fed the AVEC diet had the lowest MDA levels before 
challenge, but higher levels of MDA than birds fed the CTL, ARG or 
AVE 12h after challenge. Before challenge ARG birds had higher (P 
< 0.05) NO levels than AVEC-fed birds, but 12h after challenge birds 
fed the CTL, ARG or AVE diet had lower NO levels than birds fed the 
AVC, VEC or AVEC diet. Before challenge AVEC-fed birds had higher 
(P < 0.001) GPx activity than CTL, ARG and AVE birds, but after 12, 
24 and 48h VEC birds showed higher GPx activity than CTL, ARG and 
AVE-fed birds. Serum levels of IgA were not affected by treatments 7d 
after challenge. Supplementation of Arg, VE, and VC may help modulate 
the oxidative stress during a coccidiosis challenge.

Key Words: broiler, Eimeria, arginine, vitamin E, vitamin C
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99   Evaluation of zinc equivalency value of phytase for broiler 
chickens. M. Avazkhanlu*, M. Zaghari, and M. Ganjkhanlu, Depart-
ment of Animal Science, University of Tehran, Tehran, Iran.

An experiment was carried out to estimate zinc requirement and its 
equivalency value of phytase for broiler chickens. A total of 768 male 
Ross 308 broiler chicks were used to evaluate the response of broiler 
chicks to basal diet supplemented with phytase, and or zinc oxide. Basal 
diets formulated for starter, grower and finisher periods and contained 
24 mg/kg zinc. Basal diets supplemented with experimental diets for 
making 16 dietary treatments. Experimental design was a completely 
randomized design in a 4 × 4 factorial arrangement. Treatments repli-
cated 4 times, each had 12 birds. Each pen was equipped with 1 plastic 
pan feeder, 1 bell drinker, and covered by 5 cm wood shavings in height. 
Birds received mash diet from 1 to 42 d of age and, had free access 
to water and feed, and a 24-h photo schedule was applied. Weekly 
weight gain, feed intake, FCR, and livability of chicks were measured. 
At the end of the experimental period, carcass characteristics were 
measured. Effect of dietary zinc concentration on body weight at 42 
d of age were significant (P < 0.01). Zinc requirements for optimum 
body weight gain during 0 to 42 d of age were estimated by different 
models. Fitted quadratic model estimated 60.1 mg/kg (P < 0.001; R2 
= 0.21) zinc requirement for final body weight. Added phytase to the 
basal diet increased final body weight numerically, but this effect was 
not statistically significant (P > 0.14). Zinc equivalence value of phytase 
at 42 d of age was estimated to be 56.2 percent.

Key Words: zinc equivalency, phytase, broiler chicken

100   Comparison of liquid and dry forms of phytase plus carbo-
hydrase for broilers fed a nutritionally inadequate diet. D. Wu*, R. 
A. Swick, and S. B. Wu, University of New England, Armidale, NSW, 
Australia.

The objective of this study was to compare the efficacy of a liquid 
multiple-enzyme complex (Rovabio Max) containing phytase and car-
bohydrases to that of dry phytase (Phyzyme) and xylanase (Porzyme) 
in broilers. Body weight (BW), FCR, ileal digesta viscosity and bone 
mineralization were measured. A total of 1008 1 d-old Ross 308 male 
chicks were randomly allocated to 28 floor pens and 4 treatment groups 
with 36 birds per pen and 7 replicates per treatment. Starter (0–10 d), 
grower (10–24 d) and finisher (24–42 d) feeds were fed. The treatments 
were: positive control (PC) meeting Ross 308 nutrient specs for ME and 
digestible amino acids (DAA); negative control (NC) which contained 
100 kcal/kg ME, 2.0% DAA, 0.15% available P and 0.12% Ca less than 
PC; NC plus liquid enzyme complex (NCL); NC plus dry xylanase and 
phytase (NCD). On d 24, BW (kg) was 1.303bc, 1.262c, 1.381ab and 
1.398a for PC, NC, NCL and NCD respectively (P < 0.05) with no FCR 
differences observed (P > 0.05). On d 42, BW (kg) was 3.246b, 3.108c, 
3.439a and 3.433a, while FCR was 1.633ab, 1.654b, 1.605a, 1.604a for PC, 
NC, NCL and NCD respectively (P < 0.05). Viscosity of ileal digesta 
on d 24 was reduced (P < 0.05) by 32% for NCL and 46% for NCD 
when compared with NC. Tibia ash (% of dry bone) tended to be greater 
(P = 0.08) in NCL (42.2%) and NCD (42.2%) than NC (40.3%) or PC 
(40.2%). In conclusion, there is no difference between enzyme forms in 
broiler performance or intestinal viscosity measurements. Both forms of 
enzymes are effective in improving growth performance and reducing 
intestinal viscosity in broiler chickens fed a nutritionally inadequate diet.

Key Words: phytase, xylanase, carbohydrase, growth performance, 
viscosity

101   Effect of increasing supplemental phytase concentration in 
the diets fed to Hubbard × Cobb 500 male broilers from 1 to 42 
days of age. A. Campasino*1, T. York2, C. Wyatt2, and W. A. Dozier 
III1, 1Auburn University, Auburn, AL, 2AB Vista Feed Ingredients, St. 
Louis, MO.

The supplementation of phytase has been reported to result in extra phos-
phoric effects in broiler chickens, by improving nutrient digestibility. The 
objective of this study was to examine the effects of feeding male broilers 
diets having progressive additions of supplemental phytase concentra-
tions on growth performance and carcass characteristics. Seven dietary 
treatments were utilized: a positive control (PC, adequate phosphorus, 
calcium and sodium), negative control (NC; reduction in phosphorus 
and calcium), NC with 4 different concentrations (FTU/kg) of phytase 
(NC+400, NC+800, NC+1,200, NC+1,600), and a low energy diet (Low 
E). Diets 1 to 7 were supplemented with a carbohydrase. Diet 8 was 
used to evaluate the energy sparing effects of the carbohydrase used 
in diets 1 to 7. Fourteen hundred Hubbard × Cobb 500 1-d-old chicks 
were randomly distributed into 64 floor pens (25 chicks per pen; 0.09 
m2/bird). Diets were fed in 3 dietary phases: starter (1 to 14 d), grower 
(15 to 28 d), and finisher (29 to 42 d); body weight and feed consump-
tion were determined at the end of each dietary phase. Following a 
12 h feed withdrawal period, 8 birds per replicate pen were randomly 
chosen to determine weight and yield of whole carcass, abdominal fat, 
and pectoralis major and minor muscles. Progressive supplementation 
of phytase decreased (P = 0.052) cumulative feed conversion ratio. 
Broilers fed diets containing 1,600 FTU/kg were 87 and 31 g heavier 
(P = 0.04) for carcass and total breast meat weight compared with birds 
receiving the NC+400 diets. Broilers consuming the NC+400 diet did 
not differ (P ≥ 0.05) in growth performance and meat yield compared 
with birds provided PC diet. Birds fed the Low E diet had similar (P ≥ 
0.05) growth performance and meat yield compared with PC fed birds. 
These data indicated that phytase supplementation beyond the need for 
phosphorus enhances growth performance and carcass characteristics.

Key Words: enzyme, broiler, phytase

102   The effect of a novel, heat-stable xylanase on broiler perfor-
mance when added to wheat-based starter rations. I. B. Barasch*1, 
J. L. Grimes1, P. E. Biggs2, J. D. Garlich2, and J. J. Wang2, 1North 
Carolina State University, Raleigh, 2BioResource International, Inc., 
Morrisville, NC.

Three studies (T1, T2, and T3) were conducted to evaluate the effect 
of a novel, heat-stable xylanase (Xyl) on the growth performance of 
broiler chicks from hatch until 3 weeks of age when included in wheat-
soybean based rations. T1 and T2 were both designed as 3 × 2 factorials, 
with 3 energy levels (2800, 2950, and 3100 kcal/kg ME), and 2 levels 
of Xyl (0 or 800 U Xyl activity/kg of feed). Diets in T1 were fed in 
mash form and diets in T2 were pelleted at 85°C and then crumbled. 
T3 was designed as a 5 × 2 factorial with 5 levels of Xyl inclusion (0, 
200, 400, 800, 1600 U Xyl activity/kg of feed) and 2 feed forms (mash 
and crumble); all treatments in T3 were formulated to have 2800 kcal/
kg ME. The xylanase was added to the diets in a dry form during feed 
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manufacturing and was pelleted in the trials with pelleted feed. Birds 
were housed in 36 (T1 and T2) or 60 (T3) battery cages with 6 birds/
cage and consumed feed and water ad libitum throughout the trial. Bird 
and feed weights were recorded at 3 weeks of age and used to calculate 
average pen body weights (BW), body weight gain (BWG), feed intake 
(FI), and feed conversion ratio (FCR). Data were analyzed using JMP 
10 and responses were considered significant at P ≤ 0.05. No signifi-
cant interactions were detected in these trials, so only main effects are 
mentioned. In T1 and T2, chicks fed diets containing 800 U Xyl/kg 
showed an improvement in FCR at 3 weeks of age when compared with 
the unsupplemented treatments (1.503 vs. 1.585 and 1.567 vs. 1.630, 
respectively). In T2, BW, BWG, and FI were affected by the energy 
level, with the lower energy treatments consuming more feed resulting 
in higher BW and BWG. In T3, BW and BWG linearly increased and 
FCR was linearly improved with increasing Xyl concentration in the 
crumbled diets at 3 weeks of age. In conclusion, the addition of this 
heat-stable xylanase to both mash and pelleted wheat-based diets was 
able to improve the 3-week growth performance of broiler chicks.

Key Words: xylanase, enzyme, heat-stable, broiler, growth performance

103   Effect of dietary amino acid density, inclusion level of fat 
and xylanase levels on footpad dermatitis severity and extension in 
broilers. M. J. Da Costa*1, E. O. Oviedo-Rondón1, C. B. V. Rabello1,2, 
W. Nogueira1,3, J. Barbosa1,4, K. Claassen1, and C. L. Wyatt5, 1Pre-
stage Department of Poultry Science, North Carolina State University, 
Raleigh, 2Universidade Federal Rural de Pernambuco, Recife, Per-
nambuco, Brazil, 3Universidade Estadual Paulista, FVMZ, Jabotica-
bal, São Paulo, Brazil, 4Universidade Federal de Santa Maria, Santa 
Maria, Rio Grande do Sul, Brazil, 5AB Vista, Plantation, FL.

Footpad dermatitis (FPD) in broilers has been reported to be affected 
by dietary protein and energy levels. Additionally, a potential use of 
exogenous enzymes to assuage FPD has been described. One experi-
ment was conducted to evaluate the effects of amino acid density (AA), 
level of fat application post-pellet (FL), and xylanase inclusion (X) in 
corn-soybean diets with DDGS on broiler FPD. A total of 2,112 d-old 
male Ross 708 were placed in 96 pens with 22 broilers each. Treat-
ments consisted in 16 combinations of 2 AA (Low and High with 10% 
difference), 2 levels of FL with difference of 100 kcal/kg ME between 
levels (0 and 100) and 4 levels of X (0, 8000, 16000 and 32000 BXU/
kg). Diets for starter, grower and finisher phases were formulated 
from 1 to 16, 17 to 35 and 36 to 49 d of age, respectively. Severity and 
extension of FPD were assessed at 14, 37 and 49d using a 4 level scale 
for each parameter. Data were analyzed as 2 × 2 × 4 factorial design 
using a Poisson probability model in a CRBD. Results indicated an 
effect (P ≤ 0.05) of AA on FPD severity for the 3 evaluations. High AA 
increased severity score in the 3 evaluations. At 37d X level of 8000 
and 32000BXU decreased (P < 0.01) FPD severity in comparison with 
0 level of X. Extension of lesions was affected (P < 0.05) by AA and 
X interaction at 14d. At 37d, High AA increased (P < 0.01) FPD exten-
sion. Additionally an effect (P < 0.01) of X was observed at 37d. Level 
of 8000BXU reduced lesion extension in comparison with 16000BXU 
and 0 levels, though it was not statistically different from 32000BXU. 
Furthermore, AA had an effect on FPD extension at 49d. Low levels of 
AA reduced FPD extension. In conclusion, it was observed that diets 
formulated with High AA increased FPD severity and extension during 
the whole grow-out period. Nevertheless, results indicated a reduction 
of FPD by inclusion of xylanase in corn-soybean diets.

Key Words: footpad dermatitis, amino acid, energy, xylanase

104   The effects of pelleting and glucanase supplementation in 
barley based diets on feed manufacture, broiler performance, and 
gut viscosity. A. E. Lamp* and J. S. Moritz, West Virginia University, 
Morgantown.

Feeding broilers barley based diets, high in β-glucan, requires special 
consideration primarily due to effects on increased gut viscosity (GV) 
and decreased nutrient digestion. Pelleting and glucanase supplementa-
tion are common practices utilized before feeding broilers barley based 
diets; however, the interaction of these practices is complex. Thermal 
processing and glucanase supplementation have been shown to have 
opposing effects on GV; and if glucanase is added at the mixer, then glu-
canase thermal stability becomes a concern. The objective of this study 
was to evaluate the effects of pelleting and glucanase supplementation 
in barley based diets (45% of diet formulation) on broiler performance 
and GV. The study utilized a randomized complete block design with 
8 replications of 10 straight-run Cobb 500 broilers. Dietary treatments 
included 12 different diets: positive and negative control diets that 
differed by 150kcal/kg, various glucanase doses to generate a range of 
activities (125 – 2000U/kg of feed), and 2 different glucanase enzymes 
(Glucanase A and B). Treatments were fed as mash and as ground pellets 
(80oC conditioning). Statistical analyses utilized main effects of diet 
formulation, glucanase dose, and degree of processing. Broilers fed 
ground pellets had a greater pen feed intake, live weight gain (LWG), 
and GV (P < 0.05). For Glucanase A, an interaction between glucanase 
dose and degree of processing occurred for ending bird weight, LWG, 
and GV (P < 0.1). Glucanase A supplementation decreased GV and 
increased weight gain for ground pelleted diets, but not mash diets. For 
ground pellets, Glucanase A dosed at 1000 U/kg of feed was superior to 
the negative control and indistinguishable from the positive control for 
ending bird weight and LWG (P < 0.05). This effect was not observed 
for Glucanase B, perhaps in part due to a 50% decrease in activity post 
pelleting. Evaluations of glucanase should go beyond in vitro activity and 
include live bird performance using feed that has undergone pelleting.

Key Words: glucanase, feed manufacture, viscosity, broiler performance

105   The effect of supplementing corn-DDGS diet with exog-
enous enzymes and direct-fed microbials on nutrient digestibil-
ity in turkey poults. A. A. Ayoola*1, R. D. Malheiros1, L. V. F. M. 
Carvalho1, S. Indrakumar2, L. F. Romero2, and P. R. Ferket1, 1Pre-
stage Department of Poultry Science, North Carolina State University, 
Raleigh, 2Danisco Animal Nutrition–DuPont Industrial Biosciences, 
Marlborough, United Kingdom.

Although dietary inclusion of corn distillers dried grains with solubles 
(DDGS) in turkey diets may be cost effective, it increases the amount 
of non-starch polysaccharides, such as water-insoluble arabinoxylans, 
which compromises nutrient digestibility but may also serve as fer-
mentation substrate for commensal microflora. This study evaluated 
the effect of DDGS inclusion level in corn-SBM diets supplemented 
with endo-xylanase from T. reesei, α-amylase from B. licheniformis, 
and serine protease from B. subtilis, (XAP, Danisco Animal Nutrition) 
and a combination of spores from 3 defined Bacillus subtilis strains 
(DFM, Danisco Animal Nutrition) on growth performance and nutrient 
digestibility in turkey poults. A 3 × 2 experiment was designed with 3 
DDGS inclusion levels (0%, 6%, and 12%) and supplemented with or 
without XAP+DFM. All diets were formulated to have the same nutrient 
content and pelleted. The treatments were randomly assigned among 6 
replicate pens of 8 poults and fed ad-libitum for 28 d. Feed intake and 
body weight (BW) were recorded weekly. Fecal samples were collected 
22–24 d and ileal content was collected on 28 d for nutrient digestibility 
analysis. There were no significant DDGS X XAP+DFM interaction 
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effects on growth performance or nutrient digestibility. As dietary DDGS 
level increased, weekly BW decreased and FCR increased linearly, and 
digestibility of P, crude fat (CF), crude protein (CP) decreased (P < 
0.005). Dietary supplementation of XAP+DFM had no effect on BW, 
but marginally improved FCR (P < 0.10) and significantly reduced fecal 
moisture by 4.2% (P < 0.05). XAP+DFM significantly increased ileal 
digestibility of CF and CP (P < 0.05), but had no effect on AMEn or 
ANR at 22–24 d. This experiment confirms that growth performance of 
poults will decrease as dietary inclusion levels of DDGS increases if the 
formula is not compensated for inferior protein, fat and P digestibility. 
Although, dietary supplementation of XAP+DFM had no effect on the 
BW, it improved nutrients digestibility.

Key Words: DDGS, XAP, DFM, nutrient digestibility, turkey poult

106   Evaluation of inclusion level of wheat distillers dried grains 
with solubles with and/or without protease and β-mannase on 
performance and water intake of turkey hens. E. Y. Opoku*, H. L. 
Classen, R. A. Agivale, and T. A. Scott, University of Saskatchewan, 
Saskatoon, SK, Canada.

It is becoming increasingly common to use higher levels of wheat distill-
ers dried grains with solubles (wDDGS) in poultry diets. The objective 
was to determine the effect of level of inclusion of wDDGS with or 
without enzyme supplementation on performance and rate of water 
intake on turkey hens (0–72d). Two diets (0 or 30% WDDGS) were 
formulated to meet the nutrient requirement of the Hybrid Converter 
turkey. Diets were then mixed to obtain different levels of inclusion 
of 0, 15 or 30% wDDGS. The 30% diet was divided into 3 fractions 
and 2 fractions supplemented with either protease (P+; 0.126g/kg) or 
β-mannase (M+; 0.05g/kg). All diets were fed ad libitum as mash. All 
700 0d turkey hens were randomly allocated into groups of 35 birds 
per replicate with 4 replicates floor pens per treatment, in a completely 
randomized design. Water intake per pen was recorded beginning at 7d. 
There was no effect of dietary treatment on feed intake. Body weight 
of turkey hens (28–52d grower) was significantly higher for 30%P+ 
as compared with 0 or 15% diets; but was not different than 30% or 
30%M+ diets. Feed:gain (P < 0.01; 28–52d), and total feed:gain ratio (P 
< 0.05; 0–72d) was significantly improved for birds fed 30% regardless 
of enzyme treatment compared with 0% and 15% levels. Water intake 
tended to be higher (P = 0.08) between 7 and 28d for 30%P+ diets. 
Similarly, water intake of birds fed 30%P+ was higher (P < 0.05; 28–52d) 
and total water intake (P = 0.06; 7–72d) tended to be higher than other 
treatments. Similarly water:gain ratio (52–72d) was higher (P < 0.05) 
for 30%P+. To our knowledge, this experiment is the first to report the 
impact of WDDGS on water intake. As high as 30% WDDGS can be 
substituted in turkey hen diets. No impact of protease or β-mannase was 
found on performance of turkey hens fed 30% WDDGS.

Key Words: wheat, distillers dried grains with solubles, water intake, 
turkey, enzymes

107   Effects of housing differences and phytase supplementa-
tion on growth performance, behavior, blood mineral and immune 
characteristics of broiler chickens fed a low available phosphorus 
diet. C. Raginski*1, K. Schwean-Lardner1, L. Romero2, P. W. Plum-
stead2, A. J. Madisen3, K. Novak3, E. Davis3, and D. Petri3, 1University 
of Saskatchewan, Department of Animal & Poultry Science, Saska-
toon, SK, Canada, 2Danisco Animal Nutrition, DuPont Industrial 
Biosciences, Marlborough, Wiltshire, United Kingdom, 3Animal & 
Environmental Applications, DuPont Nutrition & Health, Waukesha, 
WI.

Animal behavior and immune characteristics are often discussed to 
impact animal performance. However, these measures are rarely deter-
mined in nutrition related studies. To demonstrate the interplay of animal 
behavior, growth performance and animal physiology with nutrition, 
a 21 d study using day-old Ross 308 chicks was conducted with a 2 × 
2 factorial setup of treatments with 20 birds per replicate comparing 
broilers reared in battery cages (BC, n = 24) versus floor pens (FP, n = 
8) fed a low available P mash basal diet (0.56% tP, 0.18% aP) without 
(CTL, n = 18) or with supplementation of 0.05% of a Buttiauxella 
derived Phytase (PHY, n = 18). Feed intake was lower (P = 0.01) when 
birds were housed in BC compared with birds housed in FP, and when 
birds were fed CTL compared with those fed PHY. Body weight gain 
and feed:gain ratio of birds was improved (P < 0.05) when birds were 
fed PHY compared with birds fed CTL; however, the magnitude of this 
response was greater when birds were housed in FP compared with BC 
(diet × housing interaction, P < 0.01). Time spent feed pecking was 
greater (P = 0.09) in birds fed CTL compared with those fed PHY. Floor 
pecking was observed in FP only (P < 0.05), whereas birds housed in 
BC did not exhibit this behavior. Blood Ca was greater (P < 0.001) and 
blood P was lower (P < 0.01) when birds were fed CTL compared with 
birds fed PHY. Blood Ca:P ratio was 2.5:1 in CTL versus 1:1 in birds 
fed PHY. Bone ash was lower (P < 0.001) in birds fed CTL compared 
with PHY. Liver weights were greater (P < 0.01) in birds fed PHY 
compared with CTL and when birds were housed in FP compared with 
BC. Gene expression of liver interleukin-6 was lower (P = 0.09) in birds 
fed PHY compared with those fed CTL and when birds were housed 
in FP compared with BC. These results indicate that broiler growth 
performance response to phytase supplementation is dependent upon 
housing environment. Furthermore, both phytase addition to the diet 
and housing environment affected broiler behavior and physiological 
responses measured in this study.

Key Words: phosphorus, behavior, phytase, housing, gene expression

108   In vivo efficacy of an evolved Escherichia coli phytase 
versus a Citrobacter braakii phytase in broilers from 1 to 21 days 
of age. G. A. Gomes*1, T. T. Santos1, C. L. Walk1, V. Ribeiro Jr.2, G. 
B. S. Pessoa2, H. S. Rostagno2, and L. F. T. Albino2, 1AB Vista Feed 
Ingredients, Marlborough, Wiltshire, United Kingdom, 2Universidade 
Federal de Viçosa, Viçosa, MG, Brazil.

The main goal of phytases is to replace P sources in poultry feed by 
improving P availability of vegetable sources and reducing P excretion 
and feed costs. Suppliers have been working to improve enzymologi-
cal characteristics, making phytases more efficacious in displacing P 
sources. The objective of this study was to test 2 commercially available 
phytases (genetically modified Escherichia coli [EC] and a syntheti-
cally created phytase mimicking a Citrobacter braakii [CB]) on in vivo 
efficacy. 1,680 Cobb 500 male broilers were randomly allotted to 8 
experimental diets with 10 replicates of 21 birds each. Diets were fed 
in mash form, and formulated to contain 3,050 kcal/kg AMEn, 220 g/
kg CP, 12.2 g/kg of digLys, 9.0 g/kg Ca. Four of these diets were for-
mulated to contain graded levels of avP (4.5, 3.6, 2.7 and 1.8 g/kg) with 
intermediate levels of avP obtained by mixing the highest and lowest 
avP diets in appropriate proportions. Both phytases were dosed at 500 
and 1,000 U/kg on top of the lowest avP diet, and feed was analyzed to 
assure the proper dosage prior the commencement of the trial. Birds had 
ad libitum access to feed and water. Performance was measured and at 
the end of the trial the left tibia was collected to measure fat free bone 
weight (TW) and bone ash (AW) content (4 birds per rep). Data was 
analyzed by ANOVA, means compared using t-test, and a log regres-
sion performed to determine the P equivalency of both phytases. Log 
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regressions confirmed that P was limiting broiler performance since 
R2 varied between 0.95 and 0.98. Significant differences (P < 0.01) 
were detected in BWG, FI, FCR, TW and AW. EC phytase resulted in 
14, 9, 6, 20 and 38% better BWG, FI, FCR, TW and AW, respectively. 
Using the average of BWG, FI, TW and AW of log regressions it was 
seen that EC phytase showed a P equivalency of 0.14% and 0.21% for 
500 and 1,000 U/kg, while CB showed 0.08% and 0.12%, respectively. 
Both phytases were efficacious on hydrolyzing Phytate P, however EC 
phytase was on average 80% more efficacious at the same dosage when 
compared with CB phytase.

Key Words: tibia-ash, performance, phytase, broiler, 6-phytase

109   Evaluation of a Citrobacter braakii phytase and inorganic 
phosphate sources in the diets of broiler chickens. F. N. Fru*1, N. E. 
Ward2, and O. Adeola3, 1DSM Nutritional Products, Kaiseraugst, Swit-
zerland, 2DSM Nutritional Products Inc., Parsippany, NJ, 3Depart-
ment of Animal Sciences, Purdue University, West Lafayette, IN.

Two 21-d studies were conducted with broilers to evaluate the efficacy of 
a bacterial 6-phytase from C. braakii and compare 3 inorganic phosphate 
(Pi) sources commonly used in diets. The 3 sources were phosphates 
of monocalcium (MCP), dicalcium (DCP), tricalcium (TCP). In each 
study, 384 4-d-old male birds (Ross 708) were blocked based on initial 
BW and randomly allotted 8 diets with 6 replicate cages of 8 birds each. 
Access to experimental diets and water from d 4 to d 25 post-hatch was 
free. In the 1st study, the 8 diets were: 1) a low-P negative control (NC) 
corn-soybean meal basal diet formulated to contain CP, Ca, total P, and 
non-phytate P (nPP) at 218, 9.0, 4.5, and 2.0 g/kg, respectively; 2) NC 
plus 0.75 g Pi from KH2PO4/kg; 3) NC plus 1.5 g Pi from KH2PO4/kg; 
4) NC plus 0.75 g Pi from MCP/kg; 5) NC plus 0.75 g Pi from DCP/
kg; 6) NC plus 0.75 g Pi from TCP/kg; 7) NC plus phytase at 500 FYT/
kg; 8) NC plus phytase at 1,000 FYT/kg. Feeding the low-P NC diet 
reduced (P < 0.01) BWG, FI, and tibia ash. Supplementing the NC with 
Pi or phytase linearly improved (P < 0.01) BWG, FI, and tibia ash. 
Supplementing the NC with 0.75 g/kg Pi from MCP, DCP, or TCP were 
equipotent in improving BWG and FI; however, percent tibia ash was 
higher (P < 0.05) in birds fed MCP than either DCP or TCP. The 2nd 
study was similar to the 1st except that Ca, total P, and nPP in the NC 
were reduced to 7.0, 4.2, and 1.8 g/kg, respectively; and Pi from MCP, 
DCP, and TCP were reduced to 0.6 g/kg. Similar to observations in the 
first study, the low-P NC diet reduced (P < 0.01) BWG, FI, and tibia 
ash; and supplementing the NC with Pi or phytase linearly improved 
(P < 0.01) BWG, FI, and tibia ash. Furthermore, supplementing the NC 
with 0.75 g Pi from MCP, DCP, or TCP per kg diet were equipotent in 
improving BWG, FI, and tibia ash. Results from both studies showed 
that the phytase was efficacious in releasing phytate P for growth and 
bone mineralization in chickens compensating, at least, the spared Pi, 
and that Pi sources commonly used in formulating diets of chickens 
may be different in their potential to supply P.

Key Words: broiler chicken, bone ash, phosphate source, phosphorus, 
phytase

110   Effects of inositol or phytase, alone or in combination, in 
diets deficient, adequate or in excess of dietary phosphate. M. R. 
Bedford*1 and S. V. Rama Rao2, 1AB Vista Feed Ingredients Ltd., 
Marlborough, United Kingdom, 2Project Directorate on Poultry, 
Rajendranagar, Hyderabad, India.

This objective of study was to determine if inositol production from phy-
tate when high levels of phytase are used explains the extra-phosphoric 

effects of phytase. 2700 commercial broilers were randomly allocated 
to 12 diets with 9 pens per diet and 25 birds per pen, and fed from day 
of age to 42d of age in a 2 phase feeding program (0–21, 22–42d). The 
diets were corn-soy based and supplied all nutrients at or above require-
ments levels, with the exception of phosphorus which was supplied 
at requirement level (0.48% and 0.38% avP in the starter and grower 
respectively), in excess (+0.12% avP) or in deficiency (−0.16% avP) 
with Ca levels held constant at 0.98% and 0.78% in the starter and 
grower respectively. Into each of these 3 dietary phosphorus regimens, 
Quantum Blue phytase was added at 0 or 1500 FTU/kg feed in facto-
rial combination with inositol at 0 or 3 kg/tonne. Feed and water were 
available on an ad libitum basis. Birds were weighed and feed intake 
recorded and FCR calculated on a weekly basis. Data were analyzed 
by ANOVA using JMP ver 10. An ANOVA was conducted and a full 
factorial model investigating the main effects and interactions between 
nutrient density, phytase level and inositol level was employed. Where 
significant, means were separated by t-tests with α set at 0.05. There 
were no interactions. Differences in weight gain and intake were noted 
between the deficient and adequate P diets as early as 2 weeks of age 
and continued to the end of the trial, with only the phytase restoring 
performance. No differences in gain and intake were noted between the 
adequate and excess P diets. FCR was optimized in the deficient P + 
inositol diet during wk 1 compared with all other diets but this effect was 
quickly lost and from 3 weeks of age onwards FCR was improved by 
both inositol but moreso phytase addition, regardless of P level, with no 
further benefit noted on their combination. These data suggest that high 
dosages of phytase can improve FCR but not gain of birds fed P adequate 
diets, supporting the extra-phosphoric effect hypothesis. It also suggests 
that inositol provision is possibly part of this extra-phosphoric effect.

Key Words: phytase, inositol, extra-phosphoric effect

111   Relative bioavailability of calcium in canola meal-based 
diets without and with phytase fed to broiler chicks. L. A. Merri-
man*1, M. P. Aardsma1, C. L. Walk2, and R. N. Dilger1, 1University of 
Illinois, Urbana, 2AB Vista, Marlborough, United Kingdom.

An experiment was conducted to determine relative bioavailability 
values (RBV) of calcium (Ca) in canola meal-based diets in the absence 
or presence of phytase. Two hundred and 10 male broiler chicks (Ross 
308 genetics) were housed in battery cages (5 chicks/cage) and provided 
experimental diets from d 2 to 16 post-hatch. Seven dietary treatments (6 
replicate cages/diet) consisted of graded Ca concentrations (0.08, 0.16, 
or 0.24%) and phytase inclusion (0 or 1500 FTU/kg of diet; Quantum 
Blue, AB Vista, Marlborough, UK) in a 3 × 2 factorial design, plus a 
Ca-free diet (0.01% Ca) without phytase. All diets contained soy protein 
isolate and graded Ca concentrations were provided solely by canola 
meal in Ca-containing diets; the Ca-free diet replaced canola meal with 
corn. All diets were formulated to contain 0.30% available phosphorus 
(P). Excreta were collected from d 14 to 16 post-hatch. Tibias were 
extracted at 16 d post-hatch for determination of bone measurements 
(length, height, and width), fracturability (using reference force indenta-
tion methodology; BioDent, Santa Barbara, CA), bone breaking strength, 
and mineral content (bone ash, and Ca and P concentration in bone ash). 
Chick weight and feed disappearance were recorded weekly to calculate 
growth performance. Body weight gain (P < 0.001), bone length (P < 
0.001), and total tibia ash (P < 0.001) increased linearly with increasing 
Ca concentration. Responses in body weight gain (d 2 to 9 post-hatch) 
and bone length to increasing dietary Ca concentration resulted RBV 
of 109.4% and 106.6%, respectively, due to phytase inclusion. Over the 
entire experimental period, a RBV of 102.6% was observed for body 
weight gain due to graded dietary Ca in the presence of phytase. Using 
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total tibia ash as the response variable, a RBV of 113.6% was deter-
mined for inclusion of phytase. In conclusion, the presence of phytase 
improved bioavailability of Ca in broilers fed canola meal-based diets.

Key Words: calcium, broiler, bioavailability, canola meal, ash

112   Efficacy of elevated levels of a Citrobacter braakii phytase 
in turkey poult diets. E. Esteve-Garcia1, J. Broz2, F. Fru2, and N. E. 
Ward*3, 1Department of Animal Nutrition, IRTA, Centre Mas de Bover, 
Constanti, Spain, 2Animal Nutrition and Health R&D, DSM Nutri-
tional Products Ltd., Basel, Switzerland, 3Technical Marketing Devel-
opment, DSM Nutritional Products Inc., Parsippany NJ.

The efficacy of elevated levels of Ronozyme HiPhos was assessed for 
turkey poults fed a low-P corn/SBM-based diet with an estimated 0.25% 
phytate. 180 d-old female turkeys (BUT 9) were divided into 60 replicate 
groups of 3 poults to equalize weights. Dietary treatments included a 
negative control (NC) with 0.27% non-phytate P. Treatments 2, 3 and 
4, resp., were composed of the NC with 1,000, 2,000, or 4,000 FYT/kg 
feed of a Citrobacter braakii bacterial 6-phytase (Ronozyme HiPhos) 
expressed in Aspergillus oryzae. Treatment 5 was a positive control 
(PC) without phytase but with 0.10% additional non-phytate P as dical-
cium phosphate. Ca was formulated to be 1.2% across diets. Chemical 
analyses confirmed several nutritional targets, including total P, Ca and 
phytase. Each treatment was replicated 12 times in a completely random-

ized block design. The 21-d live performance, bone mineralization, and 
blood concentration were ascertained, and 25-d apparent retention of 
Ca and P gauged phytase efficacy. As dietary phytase increased, tibia 
ash and body weight increased (P < 0.05) linearly, while F/G, Ca and P 
retention increased (P < 0.05) curvilinearly. Blood P and Ca mirrored 
retention measurements. Poults fed 2,000 and 4,000 FYT phytase/kg feed 
experienced significantly higher tibia ash and Ca and P retentions than 
PC. The 4,000 FYT phytase/kg improved (P < 0.05) body weight, F/G 
and tibia ash relative to PC. Elevated dietary phytase levels – sometimes 
called super doses – of Ronozyme HiPhos boosted live performance 
and measurements of mineral nutrition in turkey poults.

Table 1.

Treatment  

Phytase,  
FYT/kg  
feed

BW,  
g F/G

Tibia  
ash,  
%

Ca  
retention,  

%

P  
retention,  

%
T1 (NC) 0 368c 1.709a 37.2d 56.4bc 58.2c

T2 NC + 1,000 464b 1.485bc 44.6c 59.1ab 72.8b

T3 NC + 2,000 458b 1.492bc 47.7b 62.8a 76.2ab

T4 NC + 4,000 515a 1.419c 49.8ab 64.2a 78.7a

T5 (PC) 0 438b 1.541b 43.8c 55.4c 60.7c

a–dDifferent superscripts within a column differ (P < 0.05).

Key Words: phytase, elevated level, poult, phytate
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113   Effects of dietary non-phytate phosphorus level and phy-
tase on growth performance of Cherry Valley duck. Z. Z. Ren*1, 
Q. F. Zeng1, X. M. Ding1, S. P. Bai1, Y. H. Luo1, J. P. Wang1, K. Y. 
Zhang1, and G. Xu2, 1Institute of Animal Nutrition, Animal Nutrition 
and Feed Engineering, Key Laboratory of Sichuan Province, Sichuan 
Agricultural University, Sichuan, China, 2Sichuan Chuanheng Chemi-
cal Corporation, Sichuan Province, China.

This trial was conducted to study the suitable dietary non-phytate 
phosphorus (NPP) level with or without phytase in Cherry Valley duck 
when the mono/dicalcium phosphate (MDCP) was used as the phos-
phorus source. One-day-old duck (male, n = 1,100) were assigned to 10 
experimental treatments with 10 replicates of 11 birds. Five NPP levels 
(4.2, 3.5, 2.8, 2.1, 1.4 g/kg for starter of 0–21d;3.4, 2.9, 2.4, 1.9, 1.4 g/
kg for finisher of 22–35d) and 2 phytase levels (0, 860 IU/kg) were used 
in a 2 × 5 factorial design with corn, soybean meal, and rapeseed meal 
basal diet. All the birds were free access to feed and water ad-libitum. 
The mortality was significantly decreased with the increase of NPP or 
the addition of phytase especially in lower NPP diet. The highest mortal-
ity at 1–7d was found in the lowest NPP level without phytase, while 
phytase could decrease significantly the mortality of lowest NPP diet, 
but did not at the 1–21d. The body weight gain, feed intake, and feed 
conversion ratio were significantly improved with increase of dietary 
NPP, or phytase (P < 0.01). Phytase effect was higher in lower NPP diet 
than that in higher NPP diet. As the decrease of dietary NPP level, the 
content of calcium and phosphorus in excreta were decreased by the 
decreasing of dietary NPP (P < 0.01), also the phosphorus in excreta was 
decreased by phytase. The suitable dietary NPP level (with and without 
phytase) was obtained according to maximum response in body weight 
gain or feed intake by using the curve estimation model. In concluded, 
the suitable dietary NPP level with or without phytase addition was 3.68 
g/kg or 3.85 g/kg) for body weight gain, and 3.73 g/kg or 4.13 g/kg for 
feed intake at 1–21d, while was 3.00 g/kg or 3.07 g/kg, and 2.95 g/kg or 
3.01 g/kg) at 22–35 d respectively. The addition of phytase could benefit 
the decrease of dietary NPP level and the excreta phosphorus output.

Key Words: non-phytate phosphorus (NPP), mono/dicalcium phosphate 
(MDCP), duck, phytase

114   Ileal phosphorus digestibility varies depending on diet 
composition and length of adaptation period when fed to Ross × 
Ross 708 male broilers from 20 to 24 days 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 Feed Ingredients, Marlborough, 
United Kingdom.

Some methods to determine ileal P digestibility (digP) of feedstuffs 
require feeding semi-purified diets. Observational evidence indicates 
that transferring broilers from corn-soybean meal to semi-purified diets 
results in bloody excreta and increased morbidity, which may indicate 
altered digP. Two experiments (Exp) were conducted to determine the 
optimum adaptation period to feed experimental diets for a digP assay. 
Experiment 1 determined digP using 576 male broilers in a 3 × 5 facto-
rial arrangement with 3 diet types (control, 25% corn, and 75% corn) 
and 5 adaptation periods (0, 6, 12, 24, and 72 h). Experiment 2 utilized 
1,152 male broilers and was arranged as a 3 × 3 × 2 factorial with 3 diet 
types (control, 25% corn, and 75% corn), 3 adaptation periods (0, 24, 
72 h), and 2 feeding protocols (3 h feed withdrawal or ad libitum). The 

25% and 75% corn diets substituted the corn fraction with corn starch 
and soy protein concentrate (0.17% available P), while the control 
diet was corn-soybean meal based (0.45% available P). All diets were 
isocaloric and isonitrogenous. In Exp 1, a diet type × adaptation period 
interaction (P < 0.001) was observed. Birds fed the 25% corn diet had 
lower digP than the control and 75% corn diets and lower digP after 0 
h of adaptation compared with longer adaptation periods. In Exp 2, no 
interaction or feeding protocol differences were observed, but diet type 
and adaptation period both influenced digP. The control diet had greater 
(P < 0.001) digP (50.4%) compared with the 75% corn diet (19.9%), 
while the 25% corn diet had the lowest digP (0.9%). Following a 24 
h adaptation period, digP was greater (P < 0.001) than periods of 0 or 
72 h. These data signify that semi-purified diets formulated with high 
concentrations of corn starch may negatively affect digP when fed to 
broilers. Furthermore, adaptation periods of 12 to 24 h appear appropriate 
for the determination of digP when feeding the 25% corn diet.

Key Words: ileal phosphorus digestibility, broiler, semi-purified diet

115   Effects of the ratio of dietary calcium to available phospho-
rous on calcium requirements in broiler chicks. L. A. Merriman*1, 
M. P. Aardsma1, C. L. Walk2, and R. N. Dilger1, 1University of Illinois, 
Urbana, 2AB Vista, Marlborough, United Kingdom.

Two experiments were conducted to determine the influence of dietary 
Ca:available P (aP) ratio on dietary calcium requirements of broilers. In 
each experiment, Ross 308 male broilers were housed in battery cages (5 
chicks/cage) and provided experimental diets from 2 to 23 d post-hatch. 
In experiment 1, 7 experimental diets (10 replicate cages/diet) contained 
0.3% aP and graded concentrations of Ca ranging from 0.4 to 1.6% 
total Ca. In experiment 2, 6 dietary treatments (6 replicate cages/diet) 
included 3 dietary Ca concentrations of 0.4, 1.0, or 1.6%, with dietary 
aP concentration maintained at 0.45% or adjusted to provide a dietary 
Ca:aP ratio of 2.0:1.0. Chick weights and feed disappearance were 
recorded weekly to evaluate growth performance. At 23 d post-hatch, 
tibias were extracted for determination of tibia ash content. Additionally, 
reference force indentation (RFI) (BioDent, Santa Barbara, CA) was 
utilized to determine total indentation distance (TID) and indentation 
distance increase (IDI). In experiment 1, body weight gain (BWG), 
feed intake (FI), and tibia ash concentrations were highest (P < 0.05) 
in chicks fed 0.6% dietary Ca, while gain:feed was numerically high-
est in chicks fed 0.4% dietary Ca. Dietary Ca concentrations greater 
than 0.6% severely reduced (P < 0.01) BWG and FI. In experiment 2, 
BWG and FI and were highest (P < 0.05) in chicks fed 1.0% Ca, and no 
interactions between dietary Ca level and Ca:aP ratio were observed (P 
> 0.05). Tibia ash content increased (P < 0.001) with increasing dietary 
Ca concentration, but was not influenced by Ca:aP ratio. No differences 
were observed (P > 0.05) in TID or IDI in either experiment. These 
results indicate that dietary Ca requirements of broilers subjected to a 
moderate P deficiency (0.3% aP) are influenced by dietary Ca:aP ratio, 
with an optimum ratio of 2.0:1.0. However, the influence of dietary 
Ca:aP ratio on dietary Ca requirements is minimized when broilers are 
provided adequate dietary P (0.45% aP).

Key Words: calcium, broiler, bone, ratio, reference force indentation

116   Withdrawn
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117   Effects of dietary 25-hydroxy vitamin D3 and canthax-
anthin on commercial broilers in Colombia. C. A. Lozano*1, M. 
J. Zuidhof1, D. R. Korver1, and W. Gómez2, 1University of Alberta, 
Edmonton, AB, Canada, 2Avidesa Mac pollo, Buga, Valle, Colombia.

The effects of dietary 25-hydroxy vitamin D3 (25-OH D3) and canthax-
anthin on performance, carcass composition and bone quality of broiler 
chickens were evaluated in a field trial in Colombia. One production 
cycle was followed, involving 4.9 million male and female broilers (sex-
separate rearing) of 2 strains (A and B) from placement to processing in 
each of 372 barns. The treatment diet (HC) contained canthaxanthin at 
6 mg and 25-OH D3 at 69 μg per kg of feed from 0 to 3 weeks of age. 
The Control diet contained vitamin D3 and no canthaxanthin. Half of 
the males (53%) were excluded from analysis because they were fed an 
additional supplement from 3 weeks of age until processing. Breeder 
source, geographical region, farm, and house types were included as 
random variables in the data analysis. BW, feed intake, and FCR were 
assessed weekly to 35 d of age and again at processing. From 50% of 
the houses of each treatment, 20 birds were chosen randomly before 
slaughter to assess carcass, portion yields and skin color. From these 
birds, 5 carcasses were randomly selected to assess bone strength. The 
significant differences in production parameters were mainly due to 
strain and sex. Weights and yield of carcass, whole breast, breast fillet, 
and thighs were highest in strain A, which had lower intestine weight 
and FCR (P < 0.05). Dietary HC increased bone breaking stress (g/mm2; 
P < 0.05); bone breaking strength was nearly significantly increased (P 
= 0.0768). HC did not affect bone breaking strength in strain A females, 
however HC decreased bone strength in strain A males. HC increased 
bone breaking strength in both sexes in strain B (P < 0.05). It was 
concluded that dietary HC for the first 3 weeks increased bone quality, 
mainly in strain B. This is likely related to the presence of 25-OH D3 
in HC, which influences bone formation. In this trial, FCR and carcass 
traits were strongly strain dependent probably due to different physi-
ological parameters.

Key Words: broiler, broiler strain, 25-hydroxy vitamin D3, canthax-
anthin, carcass yield

118   Interaction of breeder dietary canthaxanthin and 25-OH 
cholecalciferol on broiler breeder production traits. M. Cho*, K. 
L. Nadeau, and D. R. Korver, University of Alberta, Edmonton, AB, 
Canada.

Previous research has shown that supplementing broiler breeder 
diets with 25-OH cholecalciferol increased fertility and hatchability; 
supplementing with canthaxanthin (CXN) increased egg production. 
The interaction of these products was investigated in Ross 308 broiler 
breeder hens and Ross 544 roosters in a 4 × 2 factorial arrangement of 
treatments. At 22 wk of age, hens were assigned to 1 of 4 dietary treat-
ments. Ross 308 hens were fed (1) Control diet (vitamin D3 at 2,760 
IU/kg and no CXN), (2) CXN (Control + 6 mg/kg CXN), (3) 25-OH 
D3 (Control with 25-OH D3 at 69 μg/kg diet replacing vitamin D3), or 
(4) HC (CXN diet with 25-OH D3 at 69 μg/kg diet in place of vitamin 
D3). Ross 544 males were fed either the Control or HC diet. Hens 
were inseminated weekly. Fertile eggs were identified by hen, stored 
for up to 1 wk at 18°C and sent to a commercial hatchery every other 
week from 33 to 45 weeks of age. Hatch residue was collected after 
hatch, and the fertility, hatchability and stage of embryonic mortality 
were determined. Breeders were weighed weekly and feed allocation 
adjusted within each treatment to maintain breeder-recommended body 
weight targets. Proc mixed of SAS version 9.2 was used for statistical 
analysis; differences were considered significant at P < 0.05. Each egg 

tray lot was accounted as a random effect and age was the variable for 
the repeated measurement. Total and settable egg production to 45 wk 
of age were not affected by dietary male nor female treatments. Fertil-
ity and hatchability as % of total eggs peaked at 39 weeks of age. Male 
HC treatment resulted in peak fertility occurring slightly later (39 to 
41 wk of age) than the Control male treatment (35 to 39 weeks of age). 
Total embryonic mortality decreased as the hens aged from 33 to 45 
weeks of age. Early embryonic mortality decreased with hen age in the 
maternal CXN and HC treatment groups, but was not affected by the 
maternal Control or 25-OH D3 treatment groups. Supplementation of 
CXN and 25-OH D3 each influenced breeder flock productivity when 
supplemented in the parental diets.

Key Words: broiler breeder, canthaxanthin, 25-hydroxycholecalciferol, 
egg production, fertility

119   Parental dietary canthaxanthin and 25-hydroxycholecal-
ciferol affect broiler performance and innate immunity. M. Cho*, 
K. L. Nadeau, D. Barreda, and D. R. Korver, University of Alberta, 
Edmonton, AB, Canada.

Maternal dietary canthaxanthin (CXN) and 25-hydroxycholecalciferol 
(25-OH D3) have each been shown to increase early innate immunity 
in broilers. The interaction between parental dietary CXN and 25-OH 
D3 on broiler performance was studied in a 4 × 2 factorial arrangement 
of treatments. Individually caged Ross 308 hens were fed diets as (1) 
Control (Vitamin D3 at 2,760 IU/kg; no CXN), (2) CXN (Control + 6 mg/
kg CXN), (3) 25-OH D3 (Control with 25-OH D3 at 69 μg/kg replacing 
vitamin D3), and (4) HC (CXN diet with 25-OH D3 at 69 μg/kg diet in 
place of vitamin D3). Ross 544 males were fed either the Control or 
HC diet. Hens were inseminated weekly, and hatching eggs collected 
at 25 and 40 wk of age. A whole blood assay was used to measure % 
phagocytosis (cells engulfing at least 1 Escherichia coli) and phagocytic 
capacity (relative number of E. coli engulfed/cell) at 1 and 4 d of age. 
BW, feed intake (FI) and feed:gain (F:G) were determined at 10, 24 and 
42 d of age. Birds were processed at 43 d of age. Data were analyzed 
using the Proc Mixed procedure of SAS 9.2; significance was set at P 
< 0.05. At 4 d of age, both the hen and male HC treatments reduced 
% phagocytosis; neither parental treatment had an effect at 1 d of age. 
Phagocytic capacity was greatest in chicks from hens fed HC. Chicks 
from HC males mated to 25-OH D3 females had the lowest hatch weight; 
female treatment did not affect hatch weight when mated to Control 
males. Post-hatch BW, FI and F:G were not affected by parental diet. 
Within the HC male group chicks from CXN hens had the highest, and 
chicks from Control and HC hens had the lowest carcass yield. Parental 
dietary 25-OH D3 and CXN influenced the early innate immune func-
tion of broiler chicks. Although effects on broiler performance were not 
observed, parental diets influenced carcass traits. Since the experimental 
treatments were not fed to the broilers, parental dietary treatment may 
influence the development of the innate immune system and partitioning 
of nutrients later in life.

Key Words: broiler breeder, canthaxanthin, 25-hydroxycholecalciferol, 
broiler performance, innate immunity

120   The effect of HyD on broiler breast meat yield. K. Vignale*, 
J. V. Caldas, J. England, N. Boonsinchai, P. Sodsee, E. D. Pollock, and 
C. N. Coon, University of Arkansas, Fayetteville.

It is already known that the supplementation of HyD (25-OH-D3) in 
broiler diets has a positive effect on breast muscle yield, however it 
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is still not known what happens if more vitamin D3 is added to the 
diet regarding breast meat yield. The objectives of this study were: to 
determine the effect of HyD on breast meat yield, to understand the 
mechanism of this effect, and to determine if high levels of vitamin D3 
also have a positive effect on breast meat yield. A total of 4 treatments 
were carried out as follows: T1; Control diet (normal D3, 2760 IU/kg 
feed). T2; Control diet with high levels of D3 (5520 UI/kg feed). T3; 
Control diet with HyD on top (5520 total IU/kg feed). T4; Control diet 
with HyD on top from d 1 to 21 d (5520 total IU/kg feed), and control 
diet from d 22 to 42 d. (normal D3, 2760 IU/kg feed). Each treatment 
had 12 replications and each replication had a total of 30 broilers 
per pen. A CRD was used with 4 treatments and 12 replications per 
treatment. ANOVA was performed using JMP software. A total 1440 
broilers were used for this trial. Broilers were weighed at 1, 21 and 42 
d of age. Blood samples were taken at these days to measure the levels 
of serum 25-OH-D3. At d 42, 50 birds per treatment were processed 
and the breast meat yield was determined. Blood levels of 25-OH-D3 
of the broilers fed high levels of vitamin D3 were significantly lower 
(P-value < 0.0001) than broilers consuming Hy-D. Breast meat yield 
of broilers fed HyD from d 1 to 42 was 19.2 g higher than broilers fed 
high levels of vitamin D3 (P-value = 0.04). No significant differences 
in breast meat yield were found between the control and the treatment 
with high levels of vitamin D3. HyD has a positive effect on breast 
meat yield and the response was stronger for broilers fed HyD through 
the entire grow-out period. Higher levels of vitamin D3 produced no 
positive effects on breast meat yield.

Key Words: Hy-D, blood, breast meat yield, vitamin D3, 25-OH-D3

121   Gasified hen manure ash as a calcium and phosphorus sup-
plement for laying hens. P. H. Patterson* and H. K. Burley, Pennsyl-
vania State University, University Park.

Hen manure has the potential to be recycled as both an energy source 
and feed ingredient to reduce the negative effect of manure nutrients on 
water quality, utilize the nutrients for poultry meat or egg production 
and capture a renewable energy source. Therefore, hen manure ash 
(HMA) from gasified belted hen manure was used to replace dietary 
dicalcium phosphate (dical) for laying hens. The HMA contained 
39.70% Ca and 7.77% P. Dietary treatments included a control diet with 
no HMA, and 3 diets with low (33%), medium (66%), or high (100%) 
levels of HMA inclusion replacing dical. Hy-Line W-36 pullets were 
housed 3 birds per cage (516 cm2/bird) equipped with a feed trough, 
egg tray and single nipple drinker. There were 90 birds per treatment, 
with 10 replicate experimental units of 9 birds per 3 adjacent cages. 
Experimental diets and water were provided ad libitum, and hen and 
egg data was analyzed by period (12, 4-wk periods) using the PROC 
GLM procedure of SAS and one-way ANOVA to detect mean differ-
ences, and a repeated measures analysis was conducted to measure 
differences across all 12 periods (P ≤ 0.05). Results indicated that 
replacing HMA at 66% or more will reduced feed intake (3.3 g/hen/d), 
body weight (75 g), eggs per hen housed, and egg weight. These levels 
of HMA did not affect hen day egg production (87.90% mean), bone 
strength, bone ash, shell strength, yolk color, egg proximate nutrients, 
or hen health. However, these levels of HMA did enhance egg Mg and 
K levels, reduce egg Mn and Na levels, and improved feed conver-
sion (1.332 vs. 1.360 kg/doz) and egg quality (including egg albumen 
height and Haugh units). In conclusion, HMA can be an effective Ca 
and P dietary ingredient for laying hens; ultimately the economics will 
determine its dietary inclusion.

Key Words: hen manure, gasification, dietary phosphorus, calcium, 
laying hen

122   Gasified hen manure ash as a calcium and phosphate 
supplement for broiler chickens. P. H. Patterson* and H. K. Burley, 
Pennsylvania State University, University Park.

Recycling hen manure as both an energy source and feed ingredient has 
potential to reduce the negative impact of the nutrients on water qual-
ity, utilize the nutrients for poultry meat or egg production and capture 
a renewable energy source. Therefore, hen manure ash (HMA) from 
the gasified belted hen manure (39.70% Ca and 7.77% P) was used to 
replace dietary dicalcium phosphate (dical) for broiler chickens. Five 
dietary treatments provided a continuum of available P (Av P) levels 
from 0.20%, deficient to 0.45%, adequate using dical. The sixth treat-
ment utilized only HMA for Ca and P with no added dical or limestone. 
The corn, soybean meal diets contained 1% Celite as an insoluble marker 
to determine digestibility and were formulated to contain 3100 kcal/kg 
ME, 22% CP, 1.20% Lys, 0.55% Met and 1.00% Ca in the dical diets 
and 1.2% Ca in the HMA diet. Ross x Ross 308 cockerel chicks (420) 
were randomly assigned to 6 dietary treatments with 7 replicate cages 
of 10 chicks per cage for each diet. The chicks were provided feed and 
water ad libitum, in an environmentally controlled room stepping down 
from 30.6 to 23.9 C° from 1 to 21d. Light intensity was set at 10 lx, and 
23 L:1 D for 1 to 3d then 16 L:8 D from 3 to 21d. Bird performance 
including body weight, gain, feed intake, mobility, mortality, bone 
ash, bone Ca and P and digestibility of those fed HMA vs. dical were 
compared using one-way ANOVA (P < 0.05). Body weight of birds 
fed the HMA diet (444.4 g) were significantly reduced compared with 
the control, 0.45% diet (711.7 g), but similar to those fed the 0.25% 
and 0.30% Av P diets (415.4 and 495.5 g, respectively). Bird mobility 
and mortality of those fed HMA was normal and not different from the 
control birds; however those fed 0.20, 0.25 and 0.30% had reduced 
mobility, and those fed 0.20, 0.25% had greater mortality (P < 0.05). 
Dietary Ca and P digestibility of the HMA was equal to or greater than 
that measured for birds fed the dical (P < 0.05). The results indicate 
that HMA can be a viable Ca and P source compared with conventional 
supplements for broiler chickens.

Key Words: hen manure, gasification, dietary phosphorus, calcium, 
broiler

123   The study effects synbiotic and zinc source on zinc uptake 
by everted gut sacs in broilers intestinal segments. M. Sahraei1 and 
H. Janmohammadi*2, 1Ardabil Research Center of Agriculture and 
Natural Resources, Ardabil, Iran, 2Tabriz University, Faculty of Agri-
culture, Tabriz, Iran.

This experiment was carried out with everted gut sacs to investigate 
the effects of Synbiotic and Zn source on Zn absorption in different 
intestinal segments of broilers. In this experiment different Zn sources, 
including ZnSO4·H2O and organic Zn source (Bioplex Zn) and Sybi-
otic (Biomin IMBO) were used to assess the effect of zinc sources and 
synbiotic. A total of eighty 49-d-old Cobb500 male broiler chicks were 
selected from broiler chickens fed by basal diets supplemented with 
varying concentrations of synbiotic (1–1.5g of Biomin IMBO/kg of 
the diets) and zinc oxide/Bioplex zinc (100mg/kg of the diets) in total 
of 49 d of experiments, then after anastasiation, chicks were killed by 
cervical dislocation. Three sections of approximately 10-cm length 
were cut from each region of the intestine. And rinsed free of contents 
with 39 to 40°C physiologic saline. A sac was prepared for the everted 
gut one end of the sac was tied with cotton. Zinc-free Krebs buffer was 
prepared. Two milliliters of the buffer was put into the gut sac and the 
other end tied. Sacs were incubated for 45 min at 40°C in 20 mL of 
the same buffer containing Zn sources in constant Zn concentration 
(2.18 mmol/L) in medium. The zinc concentration in collected serosal 
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fluid was determined by flame atomic absorption spectrophotometry 
and uptake percentage of Zn transferred across the gut wall were cal-
culated. The results showed that zinc absorption percent in duodenum 
was not affected from different experimental groups effects (P > 0.05). 
In jejunum the highest and lowest zinc absorption percent in groups 
of containing 1 and 2 g synbiotic pulse Bioplex Zn were observed, 
respectively (P < 0.05). In ileum segments zinc absorption was affected 

by interaction effects of synbiotic and zinc sources, so that 3.16 zinc 
absorption percentage in groups containing 1 gr synbiotic pulse Bioplex 
Zn and 2.89 zinc absorption percentage in groups of 1.5 g synbiotic pulse 
zinc sulfate in compare with other groups were different (P < 0.05). In 
conclusion from the stand point of total zinc absorption percentage, the 
highest absorption was seen in ileum.

Key Words: everted gut sac, zinc, broiler
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Behavior and Well-Being II

124   Animal welfare standards in poultry—Joint roles of the 
OIE and the poultry industry. V. Guyonnet*, International Egg 
Commission, London, United Kingdom.

Starting in 2001, the World Organisation for Animal Health (OIE) has 
made one of its strategic objectives to develop international standards 
on animal welfare. The OIE guiding principles on Animal Welfare 
(Chapter 7.1 of the Terrestrial Animal Health Code), published in 2004, 
emphasized the critical relationship between animal health and animal 
welfare, the valuable guidance prodvided by the “five freedoms” and 
the importance of science and outcome-based recommendations. An 
additional article (7.1.4) published in 2012 further outlined the general 
principles for the welfare of animals in livestock production systems. 
The OIE has published 9 chapters on animal welfare with 6 of relevance 
to the poultry sector: introduction to the recommendations for animal 
welfare, transportation by land, transportation by air, slaughter of 
animals for human consumption, killing of animals for disease control 
purposes and use of animals in research and education. The OIE stan-
dards are drafted using the global expertise available in governments, 
non-governmental organizations, academia and the private sector. 
Several ad hoc groups of experts have been established over the years, 
with a permanent Working Group on Animal Welfare overseeing the 
overall process. As the science of animal welfare evolves rapidly, these 
standards are revised regularly and therefore constitute excellent tools 
for the poultry sector when local legislations and codes of practices 
are not frequently updated. Current and future work of the OIE will 
concentrate inter alia on animal welfare and production systems and 
will address both broiler chickens and laying hens. All partners of the 
poultry industry along with local veterinary services have a key role 
to play in the education and training of the poultry sector to ensure the 
proper implementation of these welfare standards.

Key Words: animal welfare, OIE, World Organisation for Animal 
Health, poultry industry

125   Prevalence of lameness and its causes in New Zealand meat 
chickens. J. R. Webster*1, A. R. Rogers1, C. Cameron1, K. Mulqueen2, 
and A. Butterworth3, 1AgResearch, Hamilton, New Zealand, 2Poultry 
Industry Association of New Zealand, Auckland, New Zealand, 3Bris-
tol University Veterinary School, Langford, United Kingdom.

Lameness in the New Zealand meat chicken industry was determined by 
gait scoring (GS) 300 housed Ross (308) birds on each of 20 farms in 3 
liveweight (LW) ranges (light, L = 1.6–1.9kg, medium, M = 2.0–2.8kg 
and heavy, H = 2.9–3.6kg) using a 0–5 scale where 0 = normal and 5 = 
unable to stand. Pathological examinations were carried out on 20 GS3 
(obvious defect affecting movement), 20 GS4 (severe defect) and 20 
GS5 birds from each farm. Stocking density, mortality, and culling were 
recorded. Most birds (61%) had an abnormal gait that did not restrict 
movement (GS2). There were 28% GS3 and 1.7% GS4–5. As birds grew 
from L to H, GS rose from 1.96, to 2.59 (P < 0.001); the prevalence of 
GS3–5 birds rose from13 to 56%, P < 0.001 and GS4–5 increased from 
0.1 to 4.2% (P < 0.05). GS increased with age P < 0.001). Identifiable 
causes of lameness increased with GS (P < 0.05). No pathological cause 
was found for 65 ± 9.7% at GS3, this fell to 35 ± 10.0% at GS4 and 6 
± 3.1% at GS5. Foot pad dermatitis was most common at GS3 and 4 
(24 ± 9.0% and 23 ± 10.4%). Joint infections and twisted legs rose with 
GS (P < 0.05) to peak at GS5 (27 ± 8.2% and 27 ± 9.7%). Maximum 
stocking density was before first thin at 35 ± 0.6 kg/m2 and 20 ± 0.2 

birds/m2 vs. 8 ± 0.5 birds/m2 at final slaughter (43 d age). Mortality rate 
was 2.7 ± 0.22% and most (65 ± 2.9%) were found dead by the farmer. 
Culling rate was 1.0 ± 0.12% with 0.2 ± 0.02% culled for leg problems. 
The leg problems found likely reduce welfare by being painful and/or 
reducing ability to access food and water. These problems were more 
common in heavy birds of which 56% showed movement restriction, 
however no pathological cause was found in many GS3 birds. Culling 
would be the best option for GS 4 or 5 birds and there were 4% of these 
in heavy flocks under current industry culling practices.

Key Words: welfare, lameness, gait score, liveweight, pathology

126   Effects of antioxidant vitamins E and C, and walking activ-
ity, on productive performance, and bone and tendon strength in 
broiler chickens. J. Sanchez2, A. Pro-Martinez2, P. Domiguez2, and C. 
A. Ruiz-Feria*1, 1Texas A&M University, College Station, 2Colegio de 
Postgraduados, Montecillos, Mexico.

Walking ability and lameness is a problem in fast growing broiler 
chickens. The objective of this study was to evaluate the effects of 
vitamin E (VE), vitamin C (VC), and walking activity on BW, and bone 
and tendon breaking strength (BBS and TBS, respectively). Cobb 500 
chicks (n = 670) were fed diets with VE at 40 or 80 IU / kg of feed 
(NVE and HVE, respectively), VC at 0 or 1 g / kg of feed (NVC and 
HVC, respectively), and were walked or no walked (30 m; W and NW, 
respectively) once a day (2 × 2 × 2 factorial, 4 pen replicates per treat-
ment). BW was recorded weekly. Tibias were collected at d 21, 35, and 
42 (10 birds / treatment) and gastrocnemius tendons were dissected and 
collected at d 42 (10 birds / treatment) and subjected to breaking strength 
tests (Newtons). BW at d 14 was higher in NW than in W birds, with 
no differences between W and NW birds later on. Birds fed HVE and 
HVC were heavier than birds fed non-supplemented diets (NVE and 
NVC), or the HVE or HVC alone at d 14, 28, and 42. The BBS was 
higher in W than in NW birds at d 21 (133.6 and 120.0 ± 3.5) and d 42 
(419.3 and 385 ± 10.5), but was not affected by diet. Tendons were also 
stronger in W (201.9 ± 6.3) than in NW birds (166.1 ± 6.3), and in birds 
fed the HVE-HVC (195.5 ± 8.9) diet or the HVC diet (198.7 ± 7) than 
in birds fed the non-supplemented diet (156.7 ± 8.9). Our results show 
that daily activity improves BBS and TBS, without affecting productive 
performance, and that a combination of HVE and HVC improves tendon 
strength and BW, potentially improving walking ability.

Key Words: tibia, tendon, vitamin E, vitamin C, walking ability

127   The effect of toe trimming on behavior and mobility of 
turkey toms. K. Schwean-Lardner*, J. Fournier, T. Knezacek, S. 
Gomis, and H. L. Classen, University of Saskatchewan, Saskatoon, 
SK, Canada.

Toe trimming of turkeys is a common industry practice used to reduce 
carcass downgrades and condemnations at slaughter. However, it is 
important that the impact the procedure has on the well-being of the 
bird be considered. An experiment was conducted to determine the 
impact on behavior and mobility (completely randomized design) of 
trimmed (T) versus untrimmed (UT) turkey toms to 20 weeks of age, 
with 9 pen replicates (17 males per pen) for each treatment. T birds were 
treated with microwave energy and UT sham treated at a commercial 
hatchery before transport to the study facility. Behavior was monitored 
via direct scan sampling at 1, 3 and 5 d of age (15 min per pen), and 
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with the use of infrared cameras at 19 weeks of age (24 h observation 
with scans at 30-min intervals). Mobility was assessed with 5 birds per 
pen scored (Nestor et al., 1985) at each of 7, 11, 16 and 20 weeks of 
age. At d 1, T birds rested more (81.4 vs. 56.6%; P = 0.0067), and fed 
(0.4 vs. 10.4%; P = 0.0001), stood (1.83 vs. 10.4%; P = 0.0001), and 
walked (1.4 vs. 7.32%; P = 0.0008) less than UT birds. At 3 d of age, 
T birds sat for a larger percentage of time (17.6 vs. 9.1%; P = 0.0052), 
and walked (4.8 vs. 8.9%; P = 0.0206) less than UT birds. The reduc-
tion in activity continued at 5 d of age, with less T birds feeding (4.7 
vs. 16.5%; P = 0.0015) and running (0.1 vs. 0.7%; P = 0.0023) than 
their UT counterparts. At 19 wk of age, T birds walked less than UT 
birds (4.6 vs. 5.6%; P = 0.0281), and stood more (27.1 vs. 24.21%; P 
= 0.0279). This difference could not be attributed to mobility, as gait 
scores were not different between T and UT birds at any of the weeks 
measured (>0.05). To conclude, trimming the toes of turkeys results 
in less active birds, particularly at young ages. This research did not 
determine if this is a pain-induced change.

Key Words: turkey, toes, behavior, mobility

128   Can a duck’s waddle serve as an accurate indicator of 
lameness? M. M. Makagon*1, R. L. Woolley1, R. M. Fulton2, and D. 
M. Karcher2, 1Purdue University, West Lafayette, IN, 2Michigan State 
University, East Lansing.

Lameness is an important welfare concern in commercial duck produc-
tion. An abbreviated gait score system (AGSS) has been used to assess 
lameness among commercial ducks. However, as its validity and reli-
ability have not yet been assessed, the use of AGSS could lead to data 
interpretation inaccuracies. We examined a) the relationship between 
AGSS, gait structure parameters, and leg integrity, and b) the inter- and 
intra-rater reliabilities of AGSS. Commercial Pekin ducks, ages 14 (57 
ducks), 21 (70 ducks) and 31 d (50 ducks), were video recorded and 
gait scored as they walked over a Tekscan gait analysis system. The 
effects of gait score on gait structure parameters were evaluated for 
each age group using ANOVA and Kruskal-Wallis tests. t-tests and 
Wilcoxon Mann Whitney tests were used in post-hoc analyses. Across 
age groups, shorter gait distances (t35 = 2.45, P = 0.02, 14d; t42 = 3.71, 
P < 0.001, 21d; z = −3.11, P = 0.002, 32d) and larger differences 
between peak pressures exerted by the 2 feet (z = 2.23, P = 0.02, 14d; 
z = 2.85, P = 0.004, 21d; z = 2.20, P = 0.03, 32d) were associated with 
poor (score = 2) vs. good gait (score = 0). Leg health was assessed for 
each duck during necropsy. Gait score was related to the incidence of 
leg inflammation, but not the occurrence of tibial head deformities or 
tibial dyschondroplasia. Inflammation was rare in 14d old ducks, but 
was noted in 3%, 28% and 40% of older ducks with gait scores of 0, 1 
and 2, respectively. AGSS reliabilities were calculated separately for 

Naïve (N, n = 10) and Trained (T, n = 13) scorers, who assessed the gait 
of ducks from video. Inter-rater reliability (Fleiss kappa) was lowest for 
14 d old (N: k = 0.47, T: k = 0.61), and best for 32 d old ducks (N: k = 
0.74; T: k = 0.8). Overall intra-rater reliabilities (Pearson correlation) 
were high and were unaffected by the scorer’s level of training (N: r 
= 0.87; T: r = 0.87; t21 = 0.43). The results suggest that AGSS may be 
inappropriate for evaluating lameness among young ducks. The method’s 
validity warrants further assessment.

Key Words: Pekin duck, welfare, gait, lameness

129   Duck gait score: Relationship to hip angle, bone ash, bone 
density and morphology. C. I. Robison*1, M. M. Makagon2, R. M. 
Fulton1, and D. M. Karcher1, 1Michigan State University, East Lan-
sing, 2Purdue University, West Lafayette, IN.

Lameness in a production setting is a welfare concern. Lameness has 
been attributed to altered hip angulation or changes in bone structure 
in other species. It is unknown as to whether these skeletal changes 
contribute to lameness in ducks. Therefore, the study examined the 
relationship between an abbreviated gait score system (AGSS) and 
bone parameters and pelvic hip angle. Commercial Pekin ducks, ages 
14 d (n = 60), 21 d (n = 75) and 32 d (n = 73) were weighed and gait 
scored as they walked over a Tekscan gait analysis system. Ducks were 
humanely euthanized, full body scanned using CT (CT), and the right 
femur and tibia were extracted. Leg bones were cleaned, measured, fat 
extracted and ashed. CT scans were rendered to create computerized 
3-D models where pelvic hip angles were measured. Statistical analysis 
was conducted using Proc Mixed with age and gait score in the model. 
Gait score displayed a negative linear correlation with body weight in 
all ages of ducks (P < 0.01) and a positive linear correlation with age 
(P < 0.01). As expected tibia and femur bone circumference and bone 
length increased with age in a linear fashion (P < 0.01). Femur and tibia 
bone ash displayed a negative linear correlation as gait score increased 
(P < 0.01) such that the lowest percent ash was found in ducks with a 
gait score of 2. Tibia and femur ash were positively correlated in 14 and 
21 d old ducks (P < 0.05). No differences were detected in hip angle 
regardless of age or gait score; however there was a positive correlation 
between right and left hip angle in the 14 and 21 d old ducks (P < 0.01). 
A positive correlation was found between right and left leg length, which 
increased linearly with age (P < 0.01). Maximum right femur cortical 
bone density displayed a main effect of age and increased linearly with 
age (P < 0.01); however, left femur and tibia cortical density were not 
affected by age or gait score. Therefore, duck growth resulted in changes 
to bone parameters more than gait score. Based on the study measure-
ments, gait score cannot be predicted by any specific bone measurements.

Key Words: Pekin duck, bone, gait, lameness
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Extension and Instruction

130   Research in the real world: Field studies to support exten-
sion programs. V. L. Carney*1, B. S. Schneider1, D. E. Holm1, I. 
Wenger2, and R. A. Renema2, 1Alberta Agriculture and Rural Devel-
opment, Edmonton, AB, Canada, 2University of Alberta, Edmonton, 
AB, Canada.

An extensive field study and education program was developed to iden-
tify on-farm and hatchery practices associated with production success 
in Alberta. Concurrent with a field study, an education strategy was 
designed to provide the hatching egg industry with information and tools 
to support increased chick production. The project identified knowledge 
gaps and tailored communication strategies to the Alberta industry. Sur-
veys were used to benchmark current production practices. The project 
team interacted with producers, hatcheries, primary breeder personnel, 
industry organizations and technical staff to effectively design 4 work-
shops that were relevant and applicable. A male management workshop 
was developed to equip producers to effectively manage and evaluate 
their roosters. Prior to the workshop participants were surveyed and the 
program material was tailored to address these “real-world” issues. For 
example, to address questions regarding male behavior the team devel-
oped video of breeder males in situ. Males from the videos were brought 
to the workshop and producers practiced evaluating male condition in 
relation to behavior. An on-farm fertility testing workshop was devel-
oped to equip producers with hands-on experience in evaluating early 
embryo development. Participants were given table-top incubators to use 
on their farm. A survey conducted 6 mo post-workshop indicated that 
88% of attendees were using the skills from this workshop. A hatchery 
workshop was developed to share research and initiate the development 
of communities of practice. The workshop was developed with industry 
members and tailored to participant survey responses. 100% of partici-
pants indicated they would participate in a similar future workshop. A 
breeder management workshop was developed with industry partners. 
Participants interacted with experts and other attendees. The workshop 
included lectures and hands-on activities. Surveys of attendees indicated 
that 94% intended to implement new practices, and were able to specify 
what those practices were.

Key Words: extension, workshop, fertility, management, breeder

131   Development of a poultry focused leadership and fellows 
class. M. E. Persia* and M. S. Retallick, Iowa State University, Ames.

The goal of AnS 480G (Poultry Leadership and Fellows) offered at 
Iowa State University was to engage students (n = 5) that already have 
an interest in poultry science with opportunities to further their interest 
and to refine understanding of leadership in practice. This one credit 
class was divided into (1) travel to poultry enterprises to expose junior 
and senior level students to the scope and mission of poultry produc-
tion; (2) formal and informal interaction of the students with various 
poultry industry leaders, which allowed students time to interact with 
individuals in leadership positions and reflect on the various leadership 
styles employed in the industry; and (3) formal classroom time to define, 
discuss, reflect and develop awareness of students personal leadership 
quality and ability. The travel aspect of the class utilized resources within 
Iowa including a laying hen live production and processing facility, a 
turkey live production facility, a turkey processing and further processing 
facility and a research and development-rich facility. Industry leaders 
were selected based on ability to interact with students and represented 
a broad cross-sample of leadership within poultry. Leaders included a R 

and D director that presented on leadership within a technology-based 
company, a CEO of an allied industry that discussed environmental 
leadership, a CEO of an egg producer that talked about leadership 
from the producer standpoint, a national commodity board leader that 
focused on leadership of commodity production and a State Representa-
tive that visited about leadership in the Capital. Additional classroom 
time was devoted to self-reflection on leadership and development and 
understanding individual leadership skills all of which was co-facilitated 
by a faculty member in agricultural education. Student feedback was 
unanimously positive (captured by survey on a 5 point scale) and this 
class increased student interest in poultry production and poultry sci-
ence (4.5/5) while challenging students to reflect on and improve their 
own leadership style (5/5).

Key Words: travel, leadership, classroom, poultry industry

132   Backyard chickens in the United States: A survey investiga-
tion. C. Elkhoraibi*, R. A. Blatchford, and J. A. Mench, University of 
California, Davis.

Keeping backyard chickens has become increasingly popular in the 
US, but few studies have attempted to provide information about these 
flocks. An online survey of backyard chicken owners was conducted, 
advertised through Master Gardeners’ websites, social platforms (blogs, 
Facebook, Twitter), and other sites. The survey consisted of 56 ques-
tions about flock history, husbandry, health care and owner attitudes and 
demographics. Preliminary results (from 1,091 surveys) indicate that 
respondents came almost equally from urban, suburban and rural areas. 
Most (74%) owned fewer than 10 chickens and had owned chickens for 
less than 5 years (65%). Major reasons for keeping chickens were as 
food for home use (96%), gardening partners (66%) and/or pets (56%). 
Owners thought that eggs/meat from their chickens were more nutritious 
(64%), safer to consume (62%) and tasted better (80%) than store-bought 
products, and also that the health and welfare of their chickens was better 
(84.8%) than on commercial farms. The majority (58%) of respondents 
indicated that they had not had flock health problems in the last 12 mo. 
However, backyard owners seem to lack awareness of certain poultry 
health conditions. Many knew either little or nothing about infectious 
bronchitis, exotic Newcastle disease, or Marek’s disease, and most 
(63%) did not vaccinate their chickens against Marek’s. Respondents 
indicated a desire to learn more about various flock management topics, 
especially how to detect (64%) and treat (68%) injuries and health 
problems. The internet was the main source of information (87%) used 
by backyard flock owners, followed by books/magazines (63%) and 
feed stores (41%). Minimizing predation was the most cited challenge 
in chicken-keeping (48%), followed by providing adequate feed at low 
cost (27%), dealing with soil management (25%), and complying with 
zoning regulations (24.2%). The evidence obtained from this survey will 
help to determine what information resources are needed to maintain 
good biosecurity and improve the health and welfare of backyard flocks.

Key Words: chicken, backyard, behavior, welfare, disease

133   Surveying small flock owners about why they like to keep 
chickens using clicker technology. B. N. Lister* and B. A. McCrea, 
Delaware State University, Dover.

Minimal research has been performed regarding the benefit of small flock 
ownership, whether it is for the owners or the community. Many owners 
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have shared anecdotal information regarding the personal benefits they 
receive from owning small flocks. A previous survey had been developed 
in 2011–2012 and asked owners about their relationship with their flocks. 
The survey has been redeveloped to ask more direct questions and also 
to be used with a clicker system from Turning Point Technologies. The 
data gathered, using clickers, comes from a small flock conference, 
Cooptastic!, as well as at meetings of small flock owners. Seventeen 
small flock owners participated in the clicker survey at Cooptastic! as 
of the submission of this abstract. Additional survey opportunities in 
the spring will yield more data that will be presented. Those surveyed 
to date reflect a cross-section of those who keep chickens and attend 
extension small flock events within the Mid-Atlantic region. Sixty-five 
percent of those surveyed were women. When asked as to the primary 
purpose of keeping chickens, 88% of flock owners stated it was to have 
the chickens for eggs and 12% stated it was for keeping them as pets. The 
majority of those surveyed, 59%, described their flock as being entirely 
composed of pet chickens rather than describing the flock as livestock. 
When asked about predation, 88% of flock owners had experienced 
losses. Data also showed that 88% (n = 15) of those surveyed spent 
than less than $100 annually on toys or treats for their chickens. Our 
preliminary results (n = 17) showed that flock owners did not experience 
a decrease in stress levels after interacting with their chickens on a daily 
basis. Stress levels were affected by only the variables of sex and age 
of the flock owner. Levels of attachment to the flock were influenced 
by the age of the flock owner and the age of the birds when purchased. 
There was a trend (P = 0.053) toward greater levels of attachment to 
the flock if the flock owner considered the flock’s primary purpose to 
be as a pet rather than for eggs.

Key Words: clicker, survey, backyard, small flock, stress

134   “A.S.P.I.R.E.” ACT supplemental preparation in rural 
education: An initiative designed to bridge deficits in the ACT col-
lege entrance examination. M. Herman*, R. Huffman, J. Hoffman, 
and K. Anderson, North Carolina State University, Raleigh.

Rural students from socioeconomically distressed and agriculturally 
intensive communities frequently have an interest in pursuing higher 
education and future careers within agriculture fields. However, these 
students are often unsuccessful in gaining admission to colleges offering 
B.S. degrees in agricultural and life sciences, due to score deficits in col-
lege entrance examinations such as the SAT and ACT. The A.S.P.I.R.E. 
(ACT Supplemental Preparation In Rural Education) Program is an ini-
tiative between the College of Agriculture and Life Sciences at NC State 
University and NC Cooperative Extension. It was designed to bridge 
deficits in rural high school students’ performance on the ACT College 
Entrance Examination, to increase the admission rates of these students’ 
into traditional agricultural degree programs at land-grant universities. 
Each student participating receives the following: Princeton Review 

ACT study manual, Princeton Review 1,296 practice question manual, 
4 ACT full-length practice exams with score analysis, Princeton Review 
selective college admissions booklet, and 30 h of class instruction. The 
“ASPIRE Agents” hold occupations of 4-H, Livestock, and Area Poul-
try Agents within NC Cooperative Extension. The ASPIRE Agents are 
trained through the Princeton Review’s 24 h “Master-Trainer” Course to 
learn how to adequately and efficiently teach ACT prep. During summer/
fall 2012, 60 students participated in the ASPIRE pilot program. These 
students were from the following 6 NC counties: Warren, Alexander, 
Union, Wilson, Madison, and Johnston. Students took 4 practice ACT 
exams throughout the course to statistically analyze score improve-
ments from the pre-test to post-test. The results of this pilot showed 
that the A.S.P.I.R.E. program helped improve ACT scores significantly 
by an average of 3.38 points (P < 0.001) on the composite ACT exam 
which is scored on a 36 point scale. These pilot results indicate that the 
A.S.P.I.R.E. program may serve as a model for other land-grant institu-
tions who are struggling to admit rural high school students interested 
in pursuing agricultural studies.

Key Words: ACT, youth

135   A successful 4-H incubation and embryology program. K. 
W. Koelkebeck*, University of Illinois, Urbana.

The Illinois 4-H incubation and embryology program is designed to pro-
vide grade school teachers with information and experiential activities 
dealing with life science for use in the classroom. The program consists 
of providing training for teachers to learn the science of incubating 
chicken eggs in the classroom. Over the past 20 plus years approxi-
mately 2500 teachers have been trained and over 200,000 elementary 
and secondary school children have benefited from this program. During 
the training sessions, teachers receive educational materials about the 
poultry industry, learn the principals of incubation, learn how to oper-
ate a small classroom incubator, and participate in hands-on activities 
such as preserving embryos. The teachers may also earn CPDU credit 
for taking the class. In 2012, 315 teachers took the class and 14,000 
school children from grades k through 12 learned about how chicks 
develop and hatch. Nine Northeastern Illinois counties participated in 
the project. Of the 315 teachers, 225 of them taught grade K-2 and 90 
taught grades 3–12. With respect to life skills, greater than 50% of the 
teachers reported a perceived increase in their students’ skills in keeping 
records and teamwork. With respect to science abilities, more than half 
of the teachers reported a perceived increase in their students’ ability 
to predict, hypothesize, organize, and compare incubation results. In 
summary, this 4-H youth program has been very successful in educating 
school teachers about the art and science of incubating chicken eggs and 
thousands of Illinois youth have participated in this program.

Key Words: incubation, embryology, 4-H programming
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Metabolism and Nutrition: Vitamins and Minerals II

136   Chelated zinc, copper, and manganese compared to sulfates 
improve eggshell breaking strength and tibia trace mineral con-
centration in laying hens. S. P. Bai1, G. Jin1, D. L. Li1, Y. H. Luo1, K. 
Y. Zhang*1, F. J. Ji2, H. Cao2, and M. K. Manangi2, 1Institute of Animal 
Nutrition, Key Laboratory for Animal Disease-Resistance Nutrition of 
China Ministry of Education, Sichuan Agricultural University, Sich-
uan, China, 2Novus International Inc., St. Charles, MO.

An experiment was conducted to investigate the effects of Zn, Cu, and 
Mn sources [sulfates vs. metal methionine hydroxy analog chelates 
(Mintrex)] on eggshell breaking strength and tibia minerals deposition 
in laying hens. A total of 1050 35-wk old hens were randomly divided 
into 7 treatments by egg production with 10 replicates of 3 cages each 
(5 birds per cage). The treatments consisted of: 0-0-0 ppm supplemental 
Zn-Cu-Mn, T1; 20-4-15 ppm (T2), 40-8-30 ppm (T3), and 80-16-60 
ppm (T4) of Zn-Cu-Mn as sulfates; 20-4-15 ppm (T5), 40-8-30 ppm 
(T6), and 80-16-60 ppm (T7) of Zn-Cu-Mn as chelates. The data were 
analyzed using 1-way ANOVA. All hens were fed the basal diet for 
4 wks as depletion period, and then the experimental diet for 12 wk 
(experimental period). Overall results indicated a significant treatment 
effect (P < 0.05) for eggshell breaking strength, and tibia Zn. Hens fed 
20-4-15 ppm of chelated trace minerals had higher (P < 0.05) breaking 
strength compared with hens fed sulfates at similar levels and were 
comparable to (P > 0.05) hens fed sulfates at 80-16-60 ppm of Zn-Cu-
Mn. The highest tibia Zn concentration was observed in hens fed diets 
containing 40-8-30 ppm Zn-Cu-Mn (T6) and was significantly better 
compared with all other treatment groups (P < 0.05). Tibia Zn in hens 
fed diets with 20 ppm of chelated Zn (T5, 20-4-15 of Zn-Cu-Mn) was 
comparable to 40 and 80 ppm of Zn as sulfates. In summary, the results 
indicated that the supplemental chelated trace minerals would allow 
reduction of dietary levels of trace minerals from 20-4-15 to 40-8-30 
ppm of Zn-Cu-Mn, respectively, compared with 80-16-60 ppm of Zn-
Cu-Mn as sulfates depending on the variable (egg shell breaking strength 
or tibia trace mineral concentration).

Key Words: chelated minerals, laying hen, breaking strength

137   Comparison of dl-selenomethionine with other sources 
of selenium on performance, glutathione peroxidase activity and 
tissue selenium concentration in young broilers. F. Yan*, B. Wuel-
ling, and M. Vazquez-Anon, Novus International Inc., St. Charles, MO.

A battery study was conducted to evaluate the effect of different sources 
of selenium (Se) on growth performance, glutathione peroxidase (GPx) 
activity and tissue Se deposition of young broilers. A semi-purified diet 
containing corn starch, dextrose, and torula yeast was formulated to 
meet requirement of broilers for all nutrients except Se. The Se level 
was formulated to be 0.11 ppm but analyzed to be 0.23 ppm. The study 
consisted of 9 treatments - negative control with no added Se; 0.30 ppm 
added Se provided by sodium selenite (SS), dl-selenomethionine (dl-
SeMet; Mintrex Se, Novus International, Inc.), 2 commercial selenized 
yeast products, methylselenocysteine (MeSeCys), or combination of SS 
and SeMet with each providing 0.15 ppm added Se; and 0.15 ppm added 
Se from SS or dl-SeMet. Each of the 9 test diets was fed to 8 replicate 
pens of 8 male broilers. Body weight, FCR, feed intake, and mortality 
were measured on d 6, 13, 20 and 27. Plasma and liver GPx activity was 
determined on d 7, 14, 21, and 28. Liver and breast Se concentration 
was analyzed on d 28. On d 35, breast muscle, liver, kidney, and skin/fat 
samples were taken for Se determination. Data were subject to one-way 

ANOVA with statements of significance based on P < 0.05. Despite the 
use of a semi-purified diet, growth performance of the birds was close 
to breeder’s objectives guideline. Growth performance and GPx activity 
were not significantly affected by dietary treatments throughout the trial. 
On d 28, dl-SeMet increased the concentration of Se in both liver and 
breast whereas selenized yeast, MeSeCys, and SS significantly increased 
liver Se concentration only. On d 35, breast muscle, liver, kidney, and 
skin/fat Se concentration was increased significantly only by dl-SeMet. 
In summary, dl-SeMet was more available for deposition in liver, breast 
muscle, kidney, and skin/fat than selenized yeast, SS, or MeSeCys when 
added to provide 0.15 or 0.30 ppm Se in young broiler diets.

Key Words: broiler, selenomethionine, selenized yeast, sodium selenite

138   Criteria of response and Ca concentration affect estimates 
of phytase equivalence to monocalcium phosphate. W. Li*1, R. 
Angel1, M. Proszkowiec-Weglarz1, S.-W. Kim1, E. Jiménez-Moreno1, 
and P. W. Plumstead2, 1University of Maryland, College Park, MD, 
2Danisco Animal Nutrition, DuPont Industrial Biosciences, Marlbor-
ough, United Kingdom.

Differences exist in the methodology used to estimate the amount of 
inorganic P that can be replaced by phytase. Traditionally, phytase 
efficacy has been assessed by regressing graded concentrations of inor-
ganic P added to a P-deficient diet and determining the amount of added 
phytase required to give the equivalent response. The objective of this 
study was to assess if the criteria of response used (Tibia ash or ileal P 
digestibility), or dietary Ca level, affected estimates of the amount of 
inorganic P that can be replaced by phytase. Eight experimental diets 
were fed to 780 Ross 708 broilers from 11 to 21 d of age (8/pen, 10 
pens/diet). Diets A-C contained 0.7% Ca, with 0, 0.08 and 0.19% added 
P from MCP in diets A-C, respectively. Diets F-H contained the same 
nPP as diets A-C but with 0.8% Ca. A 6-phytase from Buttiauxella spp. 
was added at 2 doses to the same basal diet as A to create diets D and E. 
At 21 d, the distal ileal content was collected for apparent P digestibility 
determinations, and right tibia from all birds collected to determine 
bone ash. Ileal P digestibility was 37.0% to 39.5% in diet A and F with 
a reduced response in P digestibility to incremental amounts of added 
MCP when Ca was increased from 0.7 to 0.8% (P < 0.05). The response 
in tibia ash to added MCP was not affected by diet Ca. P digestibility 
was respectively increased (P < 0.05) to 48.1% and 49.9% for diet A 
plus 108, and 190 FTU analyzed phytase/kg feed. Regressing tibia ash 
to added MCP resulted in P equivalency from 190 FTU phytase of 0.75 
g/kg total P from MCP. When P equivalence of phytase was calculated 
based on the change in ileal digested P in diets with or without 190 FTU 
phytase, this was 0.52 g and 0.41 g digestible P/kg at 0.7% and 0.8% 
Ca, respectively. Method of calculation and Ca concentrations have a 
profound impact on phytase efficacy values determined.

Key Words: phytase efficacy, calcium concentration, methodology, 
broiler

139   The effect of available phosphorus on calcium appetite in broil-
ers. S. J. Wilkinson*1, E. J. Bradbury1, M.R. Bedford2, and A. J. Cowie-
son1, 1University of Sydney, Poultry Research Foundation, Camden, NSW, 
Australia, 2AB Vista Feed Ingredients, Marlborough, United Kingdom.

The majority of phosphorus (P) in corn-soy poultry diets is bound 
to phytate and due to poor solubility in the small intestine is poorly 
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digested by broilers. The poor intestinal solubility of phytate is associ-
ated predominately with relatively high lumen cation concentrations 
(notably calcium; Ca). It has recently been reported that providing a 
diet with a low Ca concentration concurrent with a separate source of 
Ca can increase phytate-P availability, improving bird performance. The 
objective of this study was to evaluate the effect of available P (avP) 
on the Ca specific appetite of broilers, bird performance and nutrient 
digestibility. Seven-day old Ross 308 male broilers were randomly 
allocated to 8 treatment groups (6 birds per cage and 6 replicate cages 
per treatment) in a 2 × 4 factorial design that included 2 Ca (5.0 g/kg 
and 10 g/kg) and 4 available P (2.5, 3.5, 4.5 and 5.5 g/kg) concentra-
tions. All groups were offered a separate source of Ca (as limestone) in 
a second feeder. Daily feed intake, separate Ca source intake and weekly 
body weight were recorded. Ileal digesta and right tibias were collected 
from all birds on d35 and pooled for each replicate. Feeding birds diets 
with 2.5 g/kg avP resulted in reduced feed intake when compared with 
the other groups (P < 0.05). Increasing avP concentration from 2.5 to 
5.5g/kg resulted in a commensurate rise in Ca intake (P < 0.05). Birds 
fed 5.0 g/kg Ca consumed more of the separate Ca source and total Ca 
than those fed 10.0 g/kg Ca diets (P < 0.05). There was no effect of diet 
on body weight gain and feed efficiency. Feeding birds diets with 10.0 
g/kg Ca reduced the apparent ileal digestibility of P (P < 0.05) but was 
improved with increasing avP concentration (P < 0.05). Tibia ash was 
significantly increased in birds fed 10 g/kg Ca diets and was reduced in 
birds fed 2.5 g/kg avP compared with birds from the higher avP groups. 
These data demonstrate that both dietary Ca and avP concentrations 
influence the Ca specific appetite of broilers and that birds did not appear 
to converge on a similar digestible Ca to digestible P ratio.

Key Words: calcium, phosphorus, digestibility, broiler

140   Effect of 25-hydroxycholecalciferol on growth perfor-
mance, bone growth and mineralization, and mineral utilization of 
broiler chicks fed low dietary Ca and P. H. M. Salim*1,2, M. Radfar1, 
R. Adhikari1, A. Rogiewicz1, B. J. Turner3, B. Slominski1, and W. K. 
Kim1, 1Department of Animal Science, University of Manitoba, Win-
nipeg, MB, Canada, 2Department of Livestock Services, Khamar Bari, 
Dhaka, Bangladesh, 3Animal Nutrition & Health-North America, 
DSM Nutritional Products Inc., Parsippany, NJ.

25-Hydroxycholecalciferol (25-OH-D3) is a metabolite of vitamin 
D3 which is required by the chicken for proper Ca and P metabolism 
and bone development. An experiment was conducted to investigate 
the effect of 25-OH-D3 on growth performance, bone growth and 
mineralization, and apparent mineral utilization of broiler chicks fed 
low dietary Ca and P. A total of 250 1-d-old male broiler chicks were 
randomly allotted to 5 dietary treatments with 10 replicate battery cages 
per treatment (5 birds/replicate cage). Five dietary treatments were: a 
corn-wheat-soybean meal based diet with adequate Ca and available P 
(avP) (1% and 0.5%) plus 200 IU/kg 25-OH-D3 as positive control (PC); 
low Ca and avP (0.5% and 0.25%) plus 25-OH-D3 200 IU/kg as negative 
control (NC); low Ca and avP plus 2,760 IU/kg 25-OH-D3 (T1); low 
Ca and avP plus 5,000 IU/kg 25-OH-D3 (T2); and low Ca and avP plus 
10,000 IU/kg 25-OH-D3 (T3). Results showed that body weight gain was 
significantly (P < 0.05) increased in PC, T1 and T2 groups compared 

with NC and T3 groups, but feed intake was significantly lower in NC 
than PC and T2 groups of broiler chicks. In addition, feed conversion 
was significantly (P < 0.05) improved in NC and T1 than PC; however, 
dietary supplementation of 25-OH-D3 did not affect livability of broiler 
chicks. The bone mineral density (BMD) and the bone mineral content 
(BMC) from both femur and tibia of broiler chicks were significantly 
(P < 0.05) higher in PC, T2 and T3 compared with NC and T1 treat-
ments; however, bone area from both femur and tibia of broiler chicks 
was significantly improved in only T2 among the treatment groups. The 
apparent Ca utilization was significantly lower in PC compared with 
NC, T2 and T3, but a significant (P < 0.05) improvement of apparent P 
utilization was found in T1, T2 and T3 groups compared with NC and 
PC. It is concluded that dietary supplementation of 25-OH-D3 improves 
growth performance, BMD, BMC and area of the bone, and apparent 
mineral utilization of broiler chicks fed low Ca and P.

Key Words: 25-hydroxycholecalciferol, performance, bone mineraliza-
tion, Ca and P utilization, broiler chick

141   Effects of different isoforms of vitamin D on Ca and P uti-
lization, egg quality and bone mineralization in laying hens. R. 
Adhikari*, A. Regassa, J. D. House, and W. K. Kim, University 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 mineral-
ization in laying hens. A total of 42 Bovan White laying hens at 37 wk of 
age were randomly assigned to 7 dietary treatments and kept in metabo-
lism cages for 6 weeks. Wheat and soybean based basal diet containing 
3,000IU/kg vitamin D3 as control, basal diet with 3,000 IU/kg 25-OH-D3 
(T1), 9,000 IU/kg 25-OH-D3 (T2), 3,000 IU/kg vitamin D3 (T3), 9,000 
IU/kg vitamin D3 (T4), 3,000 IU/kg of vitamin D2 (T5) and 9,000 IU/kg 
of vitamin D2 (T6) were used for the study. Egg production and egg qual-
ity parameters [egg weight (EW), specific gravity (SG), shell thickness 
(ST), and Haugh Unit (HU)] were measured weekly. Fecal samples were 
collected to measure Ca and P utilization at wk 2 and 6. At the end of wk 
6 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 dual-energy x-ray absorptiometry. There were no signifi-
cant differences in BMD, BMC and bone area of tibia and femur between 
the treatments. There were no significant differences in HU, SG, ST and 
egg production between the treatments. Egg weight from T3 and T5 were 
higher (P < 0.05) than T6. Feed intake was lower (P < 0.05) in T1 and T6 
compared with T3 and T5. Apparent total tract digestibility (ATTD) of Ca 
was higher (P < 0.05) in T1 and T3 at wk 2 and in T4 at wk 6 whereas 
control group had lower (P < 0.05) Ca ATTD at both weeks. ATTD of P 
was higher (P < 0.05) in T5 and T6 at wk 2 and in T5 at wk 6. Calcium 
utilization increases with increasing levels of vitamin D3 and 25-OH D3 
whereas vitamin D2 increases P utilization in the presence of vitamin D3 
in laying hen diet. Ca and P utilization can be improved by increasing 
the combined isoforms of vitamin D in diets; however, they do not have 
effects on egg production and egg quality parameters of laying hens.

Key Words: bone mineralization, Ca and P utilization, laying hen, 
vitamin D
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142   Effect of in-package ozonation on quality of raw broiler 
breast meat during storage. H. Zhuang*1, T. Kronn1, K. C. Law-
rence1, Y.-W. Huang2, B. C. Bowker1, M. J. Rothrock Jr.1, K. L. Hiett1, 
and K. M. Keener3, 1USDA-ARS, Athens, GA, 2University of Georgia, 
Athens, 3Purdue University, West Lafayette, IN.

In-package ozonation is an antimicrobial packaging system that uses 
atmospheric cold plasma technology to generate ozone and other gases 
inside a sealed package to inhibit microbial growth on packaged food. 
Previous unpublished research has shown that in-package ozonation 
effectively kills and inhibits microbes on raw chicken breast meat. 
However, ozone has a high oxidation potential and may influence meat 
color and lipid stability (oxidation). There is a lack of information about 
the effect of in-package ozonation on meat quality during refrigerated 
storage. The objective of this study was to investigate the effect of 
in-package ozonation on quality attributes of raw broiler breast meat. 
Boneless skinless broiler fillets were placed in Cryovac rigid trays sealed 
in air with a barrier film and exposed to ozonation treatment (70 kV 
for 120 s). Similarly packaged samples served as non-treated controls. 
Samples were stored at 4°C for 8 d. Headspace gas composition, meat 
surface pH, color, lipid oxidation, and drip loss were evaluated on d 1, 5, 
and 8. There were no treatment differences in the O2 and CO2 contents 
of the packages, meat color, or lipid oxidation by d 1 and d 5 of storage. 
By d 8 of storage, however, differences were observed for headspace 
composition, muscle surface pH, and color lightness. With storage from 
d 1 to 8, headspace O2 content decreased more in controls (21% to 3%) 
than treated packages (21% to 12%); CO2 content increased more in 
controls (0% to 18%) than treated packages (0% to 11%). With storage, 
color lightness (L* value) of the meat changed by more than 6 units 
and surface pH increased by 0.8 units in the control samples; however, 
they remained unchanged in treated meat. There were no differences 
between the control and ozonation treatments for lipid oxidation or drip 
loss. These results demonstrate that under our experimental conditions 
in-package ozonation does not have any negative effects on the quality 
of raw chicken breast meat during refrigerated storage.

Key Words: broiler breast meat, ozonation, cold plasma, refrigerated 
storage, quality

143 Withdrawn

144   Muscle exudate protein composition and Warner-Bratzler 
shear force in broiler breast fillets. B. C. Bowker*, USDA-ARS, 
Athens, GA.

Muscle exudate is often associated with pale color and poor water-
holding capacity in broiler breast meat. The relationship between 
exudate protein composition and breast meat tenderness is unknown. 
The objective of this study was to determine the relationship between 
exudate protein composition and Warner-Bratzler shear force (WBS) 
in broiler breast fillets deboned at 2 and 24 h postmortem. Broilers 
(n = 85) were slaughtered and breast fillets were deboned at either 2 
or 24 h postmortem. One fillet per carcass was used for meat quality 
measurements at 24 h postmortem and the other fillet was stored until 
6 d postmortem for the collection of muscle exudate and subsequent 
meat quality measurements. Protein content and composition of muscle 
exudates were determined by the biuret assay and SDS-PAGE. Fillets 
deboned at 2 h exhibited higher (P < 0.0001) WBS than fillets deboned 
at 24 h at both 1 d (7.43 vs. 3.11 kgf) and 6 d (4.07 vs. 2.50 kgf) post-

mortem. Deboning time did not influence meat color or ultimate pH, 
however, fillets deboned at 24 h had lower (P < 0.01) drip loss and lower 
(P < 0.001) cook loss at 1 and 6 d postmortem. Protein concentrations 
of the exudates were not influenced by deboning times. The relative 
abundance of 15 protein bands (24–220 kDa) was quantified from the 
SDS-PAGE profiles of muscle exudates and found to be similar between 
fillets deboned at 2 and 24 h. In fillets deboned at 24 h, 3 protein bands 
were correlated to WBS at d 1, 2 protein bands were correlated to WBS 
at d 6, and 5 protein bands were correlated to the WBS decrease from d 
1 to 6 postmortem. In fillets deboned at 2 h, 2 protein bands were cor-
related to WBS at d 1 and one protein band was correlated to WBS at 
d 6. Overall, data indicated that exudate protein composition was more 
closely related to tenderness differences due to postmortem aging rather 
than tenderness differences due to deboning time. These results suggest 
that muscle exudates may be a potential source of protein markers for 
breast fillet tenderness differences related to postmortem proteolysis.

Key Words: breast muscle, broiler, deboning, exudate, tenderness

145   The reduction of Salmonella Typhimurium on chicken 
broiler skin utilizing sodium metasilicate in prechill and postchill 
applications. S. K. Williams*1, S. Mart1, and C. S. Sharma2, 1Univer-
sity of Florida, Gainesville, 2Mississippi State University, Mississippi 
State.

The objective of this study was to determine the efficacy of sodium 
metasilicate (SMS) on the reduction of Salmonella Typhimurium 
and total aerobic counts (APCs) on chicken skin when used at USDA 
approved level of 2%. Chicken skin was cut into 5-cm2 pieces, inoculated 
with Salmonella Typhimurium and allowed to set at 22°C for 20 min 
to facilitate bacterial attachment. The inoculated skin was treated with 
0% SMS (positive control), 2% SMS solution (SMSS) only, 50 ppm 
chlorine solution (CLS, simulated conventional chill tank) only, 2% 
SMSS (prechill) followed by 50 ppm CLS, or 50 ppm CLS followed 
by 2% SMSS (postchill) and stored at 2°C for 0 and 24 h. A negative 
control (no treatment) was also prepared. The APCs for all skin samples 
treated with 2% SMSS were lower (P < 0.05) than the positive control 
and samples treated with CLS only on Day 0. Chicken skin treated with 
SMS alone, and CLS followed by SMSS (postchill) and stored for 24 
h at 2°C had lower (P < 0.05) APCs than the positive control, samples 
treated with CLS alone, and samples treated with SMSS (prechill) fol-
lowed by CLS. Salmonella counts were lower (P < 0.05) for all treat-
ments when compared with the positive control on d 0, and lower for 
all SMS treatments after 24 h storage when compared with the positive 
control and the samples treated with CLS only. This study suggested 
that using SMS alone or in post chill will result in at least 4 and 5 log 
reductions in APCs and Salmonella, respectively.

Key Words: sodium metasilicate, microbiology, antimicrobial, poultry, 
Salmonella Typhimurium

146   Tenderness of non-marinated and marinated breast fillets 
from commercial broilers reared to 60 d of age. V. B. Brewer-Gun-
saulis* and C. M. Owens, University of Arkansas, Fayetteville.

Commercial broilers are commonly reared to around 8 weeks of age 
to meet the market demands for boneless breast meat. Research has 
indicated that birds reared to this age could potentially be tougher than 
younger broilers. Marination is commonly used to alleviate toughness 
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that could result from early deboning. A study was conducted to evalu-
ate the effect of debone hour and marination on the texture of breast 
fillets from broilers reared to 60d of age. A total of 210 male broilers 
were slaughtered and deboned at 0.25, 2, 3, 4, 6, 8, or 24h PM in 2 rep-
licates. Samples were collected for pH analysis from all breast fillets. 
One fillet from each broiler was tumble marinated (0.75% NaCl and 
0.45% phosphate, final concentration). Fillets were cooked on raised 
wire racks in covered pans. Shear force analysis was completed using 
Meullenet Owens Razor Shear (MORS) method on all fillets. There was 
a significant decline in pH at all debone hours except between 8 and 24h 
PM. Marination uptake and cook loss were evaluated in the current study 
however, both were unaffected by debone time. The 2h PM debone time 
had the highest MORS energy of all of the fillets evaluated, however, 
the only significant decrease in MORS energy was between the 2 and 
4h PM debone times. From 3h to 24h PM, there was not a significant 
decrease in MORS energy for non-marinated fillets. Even at 24h PM, 
the non-marinated fillets had high MORS energy values (206.3 N.mm) 
that would be considered moderately tough by consumers according 
to previous literature. Marination significantly improved breast fillet 
tenderness at all debone hours indicated by significantly lower MORS 
energy in marinated fillets compared with non-marinated fillets. For 
the marinated fillets, there were significant differences in tenderness 
between 0.25 and 2, and 3 and 4h PM. These data indicate toughness 
could be an issue for non-marinated fillets from large broilers even at 
when deboned at 24h PM. However, tumble marination can alleviate 
toughness associated with large broilers though shear values of mari-
nated fillets can still be affected by deboning time.

Key Words: shear energy, broiler breast fillet, early deboning, 
marination

147   Physical and biochemical properties associated with broiler 
breast fillet texture at two market ages. V. B. Brewer-Gunsaulis* 
and C. M. Owens, University of Arkansas, Fayetteville.

Commercial broilers are commonly reared to various ages to target the 
demands of multiple markets. Broilers weighing greater than 6 lbs. now 
represent slightly over 50% of the market, a significant increase from 
over 10 years ago. Research has indicated that birds reared to 8 wk will 
have greater shear energy than birds reared to 6 wk; however, the cause 
of this textural difference is not known. Commercial broilers reared to 
40 and 60 d of age were processed and deboned at 2 or 4 h postmortem 
(PM) (n = 25/age/debone hour). Meullenet Owens Razor Shear (MORS), 
myofibrillar fragmentation index (MFI), pectoralis pH, myofibrillar 
fiber diameter (MFD), and sarcomere length (SL) were evaluated. Birds 
reared to 60 d had greater (P < 0.05) live weight and fillet yield than 
birds reared to 40 d. Deboning at 2h PM resulted in higher (P < 0.05) 
MORS energy compared with deboning at 4h in both age groups. Birds 
reared to 60 d had fillets with higher (P < 0.05) MORS energy when 
deboned at 2h PM compared with those reared to 40 d. Also, 40 d old 
birds deboned at 2h PM had equivalent (P > 0.05) tenderness with 60 
d old birds deboned at 4 h PM. Pectoralis pH decreased (P < 0.05) 
between 2 and 4h in each age treatment. Between ages, there was no 
difference (P > 0.05) in pH at 2h PM; however, at 4h PM, pH for 40 
d old birds was lower (P < 0.05) than 60 d old birds. At both debone 
hours, fillets from 60 d old birds had greater (P < 0.05) MFD than 40 
d old birds, and MFD was greater (P < 0.05) at 2h PM than at 4h PM. 
For both ages, SL was higher (P < 0.05) at 2h than at 4h PM. Interest-
ingly, SL for 60d old birds were greater (P < 0.05) than 40 d old birds at 
both debone hours. Fragmentation increased (MFI decreased; P < 0.05) 
between 2 and 4h PM for both ages. Within debone hour, MFI was not 
affected (P > 0.05) by age, however, 40 d 2h samples were similar (P 
> 0.05) to 60 d 4h samples. These data indicate several factors could be 
contributing to increased toughness between 40 and 60 d old broilers 
including differences in fiber diameter and rigor development. Results 
also suggest that overall increased shear energy in older broilers is not 
attributed to sarcomere shortening.

Key Words: breast fillet, shear force, pH, myofibrillar fiber diameter, 
sarcomere length
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148   RNASeq analysis of the liver transcriptome of heat-stressed 
broilers. D. J. Coble*1, D. Fleming1, C. J. Schmidt2, M. F. Roths-
child1, M. E. Persia1, C. M. Ashwell3, and S. J. Lamont1, 1Iowa State 
University, Ames, 2University of Delaware, Newark, 3North Carolina 
State University, Raleigh.

In broilers, heat stress results in reduced feed intake, digestion inef-
ficiency, impaired metabolism, and death. Our objective was to initiate 
a study on the effects of heat stress by profiling the transcriptome of a 
metabolically active organ, the liver, from heat-stressed and non-heat-
stressed broilers. From 21 to 28 d of age, heat-stressed broilers were 
exposed to daily 7-h cycles of 35°C, while a control group was kept 
at 25°C throughout this time. Body weight, body temperature, and 
several blood parameters were measured before the first heat episode 
began and at the midpoint of the last heat cycle on d 28. Then, liver 
samples were harvested from 4 sets of full-sibs, with one bird of each 
pair from the heat-stress treatment and one from the control group. As 
expected from the small sample size and standard error of the traits, the 
phenotypes of the birds did not differ significantly (P > 0.05) between 
the 2 heat treatments. However, 3 traits associated with respiration 
(HCO3, pCO2, tCO2) differed between heat treatments at 0.08 < P < 
0.12, strongly suggesting different physiological responses to heat. This 
observation was in agreement with the marked panting observed only 
in the heat-stressed birds during the heat episodes. Ribonucleic acid 
(mRNA) isolated from the liver samples was used for Illumina Hi-Seq 
2000 sequencing. Over 130,000,000 reads, averaging 100 base pairs 
each, were generated, yielding an average of 1.6 billion bp sequenced 
per individual bird’s transcriptome. We conclude that the heat-stress 
treatment was an effective experimental model to generate heat-induced 
physiological changes, and that high-quality transcriptomic data have 
been generated to initiate the process of identifying the impact of heat 
on the liver’s metabolic function. Continuation of this research will help 
clarify the effects of heat stress on broiler metabolism and thus provide 
a platform for future investigations into the application of breeding 
strategies for production of commercial broilers resilient to heat stress.

Key Words: broiler, heat stress, metabolism, transcriptome, liver

149   Establish overexpressed and knock-down IRF7 chicken 
HD11 cell line using PiggyBac transposon system. T. H. Kim* and 
H. Zhou, Department of Animal Science, University of California, 
Davis.

Interferon regulatory factor 7 (IRF7), a member of the interferon regula-
tory transcription factor family, is a crucial regulator of type I interferons 
(IFN) against pathogenic infections in the Toll-like receptor signaling 
pathway. The qRT-PCR results revealed that IRF7 was only expressed 
in immune-related tissues including spleen, bursa and intestine. A better 
understanding of host immune response to pathogen infection in chick-
ens will generate new insights in enhancing animal health and food safety 
using marker assisted selection in disease resistance. Stable overexpres-
sion or knock-down cell line provides a powerful tool in elucidating 
the role of IRF7 in the host-pathogen interaction. The objective of this 
study was to generate IRF7 overexpressed DF-1 and HD11 cell lines and 
IRF7 knock-down chicken HD11 cell line using PiggyBac transponson 
system. IRF7 full-length coding sequence obtained from cDNA and 3 
miR RNAi constructs targeting IRF7 used for overexpression and knock-
down, respectively, were cloned into PiggyBac transposon expression 
vector that has GFP and Puro dual selection markers. Overexpression 
or knock-down vector were co-transfected with transient PiggyBac 

transposase expression vector into HD11 cells using Lipofectamine 2000 
reagent followed by one-week puromycin selection, stably integrated 
GFP positive and Puromycin resistant cell lines were established. As a 
result of IRF7 overexpression, mRNA expression of type I IFN (IFNα, 
IFNβ) were restored in the overexpressed DF-1 cell line, whereas they 
were not expressed in the control DF-1 cell line. Establishment of stable 
overexpressed cell line has laid a solid foundation in further determin-
ing the role of IRF7 in the toll-like signaling pathway and host immune 
response to pathogen infection in the chicken.

Key Words: IRF7, PiggyBac, overexpression, HD11 cell line, immune 
response

150   Genetic polymorphism among Cairo B-2 and random bred 
control lines as detected by protein, RAPD, and SSR analyses. R. 
E. A. Moghaieb*2, F. S. Nassar1, A. M. Abdou1, and F. K. R. Stino1, 
1Department of Animal Production, Cairo University, Giza, Egypt, 
2Department of Genetics, Faculty of Agriculture, Cairo University, 
Giza, Egypt.

RAPD, Microsatellite (MS), and protein markers were used to charac-
terize the genetic diversity among the local broiler breeder female line 
(Cairo B-2 line) that has been selected for increasing 6 week live body 
weight (LBW) and the Random Bred Control (RBC) line. DNA samples, 
collected from individuals of both lines, were subjected to PCR analysis 
using 10 RAPD random primers and 7 microsatellites markers associated 
with meat production for both lines. All primers used in the present study 
resulted in the appearance of PCR products with a variable number of 
bands. Protein was extracted from breast meat of each line and subjected 
to SDS-PAGE electrophoresis. The genetic similarities between the 2 
lines tested were estimated by calculating band sharing. According to 
our results, it was possible to distinguish between Cairo B-2 and RBC 
lines. The results indicated that a total of 200 and 196 RAPD markers 
were detected for Cairo B-2 and the RBC lines respectively. The genetic 
polymorphism detected from this study was 79% and 88.7% for Cairo 
B-2 and the RBC lines respectively. Also, the results indicated that Cairo 
B-2 line had more alleles than the RBC line for the MS: MCW0018, 
ADL0328 and ROS0025. Also, concentrations and numbers of protein 
bands in Cairo B-2 line were the highest in comparison to the RBC 
line. The genotype specific RAPD, MS, and protein marker for Cairo 
B-2 and RBC lines were detected and can be used as a useful genetic 
markers that can be used in future breeding program aiming to improve 
the performance of Cairo B-2 line.

Key Words: broiler, breeder, microsatellite, genetic diversity, genetic 
marker

151   Re-annotation of chicken genome using RNA-seq data. H. 
J. Zhou*1, Y. Wang1, S. J. Lamont2, and P. Ross1, 1University of Cali-
fornia, Davis, 2Iowa State University, Ames.

Genome annotation is critical for conducting animal genetic research. 
The current chicken gene annotations are primarily based on computa-
tionally predicted models and, therefore, contain inaccuracies and omis-
sions. One billion uniquely mapped reads from RNA-Seq experiments 
from 26 chicken lung and trachea tissues from Leghorn and Fayoumi 
chicken lines were used to re-annotate the current Ensembl version of 
the chicken genome. These data sets were from 100bp pair-end reads 
generated using Illumina HiSeq2000 sequencer. We used the CLC 
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Bio Genomic Workbench Large Gap Mapping and Transcript Dis-
covery algorithms to generate an annotation that combines the Gallus 
WASHUC_2 annotation with that derived from the RNA-seq sequences. 
Using this approach, we found 2,737 novel genes that were not included 
in the Ensembl annotation, for which the average of 945 chicken reads 
per gene substantiated these potentially new transcribed regions of the 
chicken genome. Also, 40,505 alternative transcripts were identified for 
already annotated genes, adding on average 2.3 new transcripts per gene. 
The 3′ and 5′ sequences were extended for 12,820 and 13,954 genes, 
respectively. Our results suggest that the Large Gap Mapping approach 
using RNA-seq data provided a powerful tool for re-annotating current 
chicken genome.

Key Words: chicken genome, RNA-SEQ, re-annotation, bioinformatics

152   Effects of selection on body weight, productive perfor-
mance, and genetic measurements in Cairo B-2 line. F. S. Nassar*1, 
R. E. A. Moghaieb2, A. M. Abdou1, and F. K. R. Stino1, 1Department 
of Animal Production, Cairo University, Giza, Egypt, 2Department of 
Genetics, Cairo University, Giza, Egypt.

An experiment was conducted to evaluate the effect of selection on 
production performance of the Cairo B-2 line, at the 4th, 5th, 6th, and 
7th generations of selection. A Random Bred Control (RBC) line was 
used as control for all generations. The performance during the 4th, 5th, 
6th, and 7th generation was evaluated in the Cairo B-2 and RBC lines 
for live body weight (LBW), body weight at sexual maturity (BWSM), 
age at sexual maturity (ASM), egg number (EN), and egg weight (EW) 
over the first 36-weeks of age. Heritabilities, genetic and phenotypic 
correlations between all of these economic traits were also calculated. 
Our results indicated that the average 6 week LBW of Cairo B-2 and 
RBC lines were 1085 g vs. 700 g in the 7th generation. Also, females 
of Cairo B-2 line had significantly higher BWSM, EN, and EW in com-
parison to the RBC line for all generations. Also, Cairo B-2 line showed 
higher heritabilities for 6 week LBW in comparison to the RBC line 
for all generations. Heritabilities for 6 week LBW, using dam plus sire 
components, for Cairo B-2 line and the RBC line, were 0.44 vs. 0.29 
in the 7th generation. Also, Cairo B-2 line had higher heritabilities for 
BWSM, EN, and EW in comparison to the RBC line for all generations 
studied. The genetic correlations between LBW at 6 weeks of age and 
BWSM ranged from 0.27 to 0.33 for Cairo B-2 and from 0.22 to 0.23 
for the RBC lines. If these improvements, in LBW, of Cairo B-2 line 
will continue at the same rate, we can expect that after several genera-
tions of selection, Cairo B-2 line can be a very good commercial local 
female broiler line.

Key Words: broiler, breeder, productive, heritability, genetic correlation

153   Genetic analysis of production and feed efficiency traits in 
an Orlopp turkey line (Meleagris gallopavo). O. W. Willems*1, S. P. 
Miller1, N. J. H. Buddiger2, and B. J. Wood1,2, 1University of Guelph, 
Guelph, ON, Canada, 2Hybrid Turkeys, Kitchener, ON, Canada.

Assessing production and feed efficiency traits in each line of turkeys 
at the pedigree level is an important step in determining the breeding 
goals and future potential of the line in a long-term development plan. 
In female lines, the focus is on mixture of body weight, feed efficiency 
traits, such as feed conversion ratio (FCR), egg production and fertility 
traits. Means and heritabilities for body weight at 10 and 18 weeks of age 
(BW10, BW18), breast conformation score, average egg weight, fertility, 
hatch of fertile and total egg production were determined and shown in 
Table 1. Feed efficiency information was available on 271 toms, where 
each individual bird was measured for feed intake and body weight gain 

over a 4-week period, from 16 to 20 weeks of age, during which they 
had ad libitum access to feed and water. Moderate heritabilities were 
found for feed intake and body weight gain (0.25 to 0.31) with standard 
errors (SE) also shown in Table 1. Average feed conversion ratio was 
3.14, with heritability of 0.10. Body weight, breast conformation score 
and egg production traits showed moderate heritabilities (0.22 to 0.52), 
while fertility traits were low (0.04 and 0.09). Genetic correlations 
between breast confirmation score, BW10 and BW18 were moderate, 
0.50 and 0.45, respectively. Average egg weight also showed moderate 
genetic correlations with BW10 and BW18 (0.59 and 0.42).

Table 1. Descriptive statistics and heritabilities for production, fertility, and 
feed efficiency traits in a female line of Orlopp turkeys

Trait Number Mean
Heritability  

(SE)
10-week BW (kg) 13339 4.75 0.52 (0.03)
18-week BW (kg) 8711 11.88 0.48 (0.03)
Breast conformation score 8710 2.16 0.29 (0.03)
Egg weight (g) 652 73.51 0.49 (0.09)
Fertility (%) 622 80.53 0.04 (0.06)
Hatch of fertile (%) 617 91.62 0.09 (0.08)
Total egg production 566 52.86 0.22 (0.08)
Feed intake (kg) 271 14.16 0.27 (0.16)
16-week BW (kg) 271 9.82 0.20 (0.15)
20-week BW (kg) 271 14.55 0.35 (0.17)
BW gain (kg) 271 4.73 0.31 (0.17)
Feed conversion ratio 271 3.14 0.10 (0.13)

Key Words: turkey, feed efficiency, egg production, fertility trait

154   Whole-genome sequencing of ascites resistant and suscep-
tible lines of broilers. K. Rowland*, A. Alban, N. B. Anthony, and B. 
W. Kong, University of Arkansas, Fayetteville.

Poultry is a key organism in genetic research due to breeding feasibility, 
relatively short generation period, and distinct phenotypes. It is esti-
mated that 8% of broiler deaths annually can be attributed to ascites, an 
economically important disease that has been challenging the industry 
for the past 2 decades. Genetically selected ascites resistant (RES) and 
susceptible (SUS) chicken lines have been established and maintained 
by the University of Arkansas, Fayetteville. Intensive research efforts 
have been made to reveal physiological and biochemical characteristics 
for the incidence of ascites. Since the whole genome of the major ances-
tral chicken, the Red Jungle Fowl, has been sequenced, genome-wide 
genetic study is now possible in chickens to identify genetic variations 
throughout the entire genome. To identify genetic biomarkers respon-
sible for ascites resistance or susceptibility, whole genome sequences 
of genetically selected chicken lines (RES and SUS) in addition to the 
unselected parental Relaxed line (REL) were analyzed using the Illumina 
platform of next generation sequencing techniques and bioinformatics 
tools. Over 4 million SNPs were identified in each line and over 95% of 
SNPs were found in the intergenic regions. In the protein coding regions 
(CDS), SNPs that generated synonymous, non-synonymous, frameshift, 
non-sense, no start, and no stop mutations were 69.3%, 29.3%, 1%, 0.3%, 
0.07% and 0.03%, respectively. Eight of the most reliable SNPs were 
chosen by the following parameters: over 75% SNP rate, over 10 depth 
(read counts of contig), and verified in the larger number (96) of birds 
for each line using PCR and Sanger sequencing. Hence, most reliable 
SNPs identified in this study can be utilized as genetic biomarkers to 
detect ascites resistance or susceptibility.

Key Words: whole-genome sequencing, ascites, SNP
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155   Multifactorial, non-communicable diseases: New insights 
from the Smyth line chicken model for autoimmune vitiligo. G. F. 
Erf*, L. Dong, F. Shi, and R. L. Dienglewicz, Department of Poultry 
Science, Division of Agriculture, University of Arkansas, Fayetteville.

In poultry, like in humans, non-communicable diseases such as pulmo-
nary hypertension, and autoimmune diseases require multiple factors 
for expression. In addition to genetic factors, which may be manifested 
in target cell defects, the post-natal development of these disorders is 
frequently associated with dysregulation of immune function, immu-
nopathology, and environmental factors. Smyth line (SL) chickens are 
characterized by a high incidence (80–95%) of spontaneous, vitiligo-
like, post-natal autoimmune loss of melanin-producing pigment cells 
(melanocytes) in growing feathers. Together with MHC-matched con-
trol lines of chickens, the SL chicken is an important animal model for 
autoimmune vitiligo. Previous studies established that the susceptibility 
to SL vitiligo (SLV) is manifested in part in a melanosome defect, 
melanocyte-loss involves cell-mediated and humoral immunity, and 
herpesvirus of turkey (HVT) infection at hatch is a reliable trigger of 
SLV expression. Recent studies have identified interferon-gamma, 
interleukin (IL)-21, IL-10 and IL-8 as the signature cytokines associ-
ated with SLV onset and progression. Increased cytokine expression 
in affected feathers was accompanied by increases in HVT-DNA, 
reaching peak levels just before SLV onset. Further studies into the 
association between HVT and SLV expression revealed a step-wise 
loss of the ability of HVT to precipitate SLV development when chicks 
were infected with HVT at 2, 4, 6, or 10 wks of age instead of at hatch. 
Studies into the target cell defect revealed heightened sensitivity of 
SL melanocytes to 4-TBP, a phenolic compound known to trigger 
vitiligo expression in humans. Sensitivity to 4-TBP was reflected in 
greatly altered expression of melanogenesis-related genes, increased 
generation of oxidative radicals, altered melanocyte morphology, and 
greatly decreased ability of SL melanocytes to cope with cellular stress. 
Together, this animal model provides excellent opportunity to dissect 
the contributions of multiple factors in the etiology of complex, non-
communicable diseases.

Key Words: autoimmunity, Smyth line chicken, cytokine expression, 
herpesvirus of turkey, melanocytes

156   Autoimmune vitiligo in Smyth line chickens is preceded by 
altered blood leukocyte profiles and responses to bacterial cell wall 
components. K. A. Byrne*, D. Falcon, O. Alaarmi, R. L. Dienglewicz, 
and G. F. Erf, University of Arkansas, Fayetteville.

The vitiligo-prone Smyth line (SL) chicken, along with the parental 
Brown line (BL) and vitiligo-resistant Light-brown Leghorn (LBL) con-
trol chickens, is an animal model for human autoimmune vitiligo. This 
pigmentation disorder results in post-natal development of white areas 
of the skin in humans and depigmentation of feathers in SL chickens, 
due to autoimmune destruction of melanin producing pigment cells. This 
study was conducted to gain insight into immune system alterations that 
are detectable in the circulating blood before and after SL vitiligo (SLV) 
development. Blood samples were collected from SL, BL, and LBL 
chickens at 6 wk of age, when none of the SL chickens exhibited signs 
of SLV, and again at 14 wks of age after onset of SLV. Blood leukocyte 
profiles were established using a combination of automated hematology 
analysis and microscopic identification of Wright-stained leukocytes in 

blood smears. Proportions among peripheral blood mononuclear cells 
(PBMC) were determined by immunofluorescent staining and flow 
cytometric analysis. Additionally, PBMC were cultured with either 
lipopolysaccharide (LPS), peptidoglycan (PGN), or PBS (control) to 
examine nitric oxide production and cytokine expression. Compared 
with controls, SL chickens had greater percentages and concentrations 
of heterophils, higher heterophil to lymphocyte ratios and similar con-
centrations of lymphocytes at both 6 and 14 wk of age. Cell population 
analysis of PBMC suspensions from SL and controls revealed altered 
proportions among T cell subsets in SL samples, most notably increased 
proportions of CD8-positive lymphocytes, at both ages. Additionally, 
when stimulated with LPS or PGN, nitric oxide production was mark-
edly increased in PBMC suspensions from SL chickens compared with 
controls. These alterations in peripheral blood leukocyte profiles and 
functional activities before visible pigment cell loss suggest heightened 
inflammatory responsiveness in chickens that will develop SLV.

Key Words: vitiligo, Smyth line chicken, lipopolysaccharide, peptido-
glycan, innate immunity

157   Differential acute phase protein expression in broilers chal-
lenged with different strains of C. perfringens . A. J. Sarson*, E. 
McMillan, and G. I. Page, Nutreco Canada Agresearch, Guelph, ON, 
Canada.

Clostridium perfringens (Cp) is an enteric pathogen that causes necrotic 
enteritis (NE), which elicits intestinal necrosis, reduces growth per-
formance and increases flock mortality. Despite its prevalence, little 
is known about immunity development to NE. This project aimed to 
compare the relative protein expression of biomarkers (IL-10, IL-17, 
IL-6, TNF, SAA) that may correlate to severity of NE in serum and 
intestinal (ileum) tissue of broilers infected with a low (LP), or highly 
pathogenic (HP) strain of Cp, relative to unchallenged controls. Birds 
were reared under commercial conditions, receiving in-feed challenge 
of 107 cfu Cp on Day 14 post-hatch without coccidiosis co-infection. 
The treatment groups were compared for average body weight, FCR, 
mortality, ileal Cp counts and NE lesion score. Challenged birds had 
significantly lower final body weights than control birds (P ≤ 0.01). The 
same pattern between treatment groups was observed for ileal Cp counts 
and NE lesion scores in birds sacrificed at 3 dpi. Mortality was greatest 
(21.9%) in the HP Cp-challenged birds, and no mortality occurred in 
the control group (P < 0.0001), with the LP group being intermedi-
ate. Serum biomarker expression did not differ significantly between 
treatment groups, however, when classified by lesion score, IL-6 was 
expressed in greatest abundance in birds with the highest lesion score 
(= 4), and declined as lesion score decreased. LP Cp challenge resulted 
in significantly higher ileum biomarker expression relative to HP and 
non-challenged groups for all proteins (P < 0.01), with a high correla-
tion (71–94.6%, P < 0.0001). In contrast, correlation of biomarkers in 
serum was limited, and no significant correlation was observed between 
ileum and serum expression. In summary, differential pathogenicity of 
Cp strains did not affect growth performance, with the exception of 
mortality, although protein biomarker expression data suggests that the 
local immune response is influenced by Cp pathogenicity, providing 
further insight into the relationship between the immune response to 
Cp and NE disease outcome.

Key Words: Clostridium perfringens, pathogenicity, immunity
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158   KIF3B and ANP32A genes were identified as targets of 
gga-miR-181a and involved in Marek’s disease lymphoma trans-
formation. L. Lian*, X. Li, L. Qu, and N. Yang, China Agricultural 
University, Beijing, China.

Marek’s disease (MD) is a lymphoproliferative neoplastic disease of 
the chicken, which is a serious threat to poultry health. Recent stud-
ies showed that miRNAs mediated neoplastic transformation through 
targeting genes involved in tumorigenesis. Chicken miRNA, gga-
miR-181a was reported to be implicated in MD tumor tranformation 
and was downregulated in MD lymphoma. In this study, target genes 
of gga-miR-181a were predicted by Targetscan (version 6.2). Four 
genes, KIF3B, ANP32A, BTBD3, and CONT2 were further verified by 
Luciferase reporter gene assay. The 3′ UTRs of genes were cloned into 
pmirGLO vector. The gga-miR-181a mimic and negative control were 
transfected with pmirGLO-target gene UTR or pmirGLO into 293T 
cells. Transfection was done according to the manufacturer’s instructions 
for Lipofectamine 2000 (Invitrogen, Carlsbad, CA) with 50 nM mimic 
and 100 ng/mL reporter plasmid. The results showed that transfection 
of the gga-miR-181a mimic significantly inhibited Luciferase activity 
of pmirGLO-ANP32A UTR and pmirGLO-KIF3B UTR by 40% and 
20%, respectively. However, there was no significant change of Lucif-
erase activity, when the gga-miR-181a mimic was co-transfected with 
pmirGLO-BTBD3 UTR and pmirGLO-CONT2 UTR into 293T cells, 
respectively. In addition, the expression of KIF3B and ANP32A was 
upregulated in MDV-infected spleens and MD lymphoma compared 
with non-infected spleens, which might be resulted from decreased 
expression of gga-miR-181a. ANP32A is implicated in multiple cellular 
processes, including proliferation, differentiation, caspase-dependent 
and caspase-independent apoptosis, and suppression of tumor transfor-
mation. It is reported that protein levels of ANP-32A was increased in 
breast and prostate cancer. KIF3B can form heterodimer with KIF3A to 
aid in chromosome movement during mitosis and meiosis and involved 
in the intracellular movement of membranous organelles. Differential 
expression of miR-181a and target genes in MD lymphoma suggests 
that they contribute to MDV-induced lymphoma transformation and 
might facilitate neoplastic progress.

Key Words: miRNA, target gene, Marek’s disease, tumor transformation

159   Regulatory T cell depletion using anti-chicken CD25 
monoclonal antibody improves anti-coccidial immune responses. 
R. Shanmugasundaram and R. K. Selvaraj*, OARDC/The Ohio State 
University, Wooster.

CD4+CD25+ cells in chickens have regulatory T cells (Tregs) properties. 
This study examined the effects of depleting Tregs on anti-coccidial 
immune responses. 14-d-old White Leghorn hens were injected intra-
peritoneally with 0 (control) or 3.2 mg/kg body weight anti-CD25 mAb 
to deplete Tregs. At 5 d post-anti-CD25 injection, the birds were chal-
lenged orally with 1.2 × 106 live coccidial oocysts. At 7 d post-coccidial 
challenge, fecal oocyst count, and body weight gain were measured. At 
5 d post-anti-CD25 antibody injection, injecting anti-CD25 antibody 
decreased CD4+CD25+ percentage in the blood by 74% (P < 0.01), 
compared with the control group. At 7 d post-coccidial challenge, 
birds injected with anti-CD25 antibody had a lower (P < 0.01) fecal 
coccidial oocyst count and higher (P < 0.01) body weight gain than the 
control group. Cecal tonsils from the anti-CD25 antibody injected group 
had lower (P = 0.03) amounts of IL-10 mRNA and higher (P = 0.01) 
amounts of IL-1 mRNA at 7 d post-coccidial challenge. Cecal tonsils 
from the anti-CD25 injected groups had higher (P < 0.01) coccidial 
antigen-specific CD4+ cell proliferation than the control group. It could 

be concluded that depletion of Tregs, achieved through an intraperito-
neal injection of anti-CD25 antibody injection, improves anti-coccidial 
immune responses in cecal tonsils.

Key Words: CD25, coccidiosis, Tregs

160   Temporal expression of mucin 2, IgA, and polymeric Ig 
receptor transcripts in ileum of broiler prior to and after hatching. 
Q. Zhang* and T. J. Applegate, Purdue University, West Lafayette, IN.

Intestinal mucin2 (MUC2), a major gel-forming mucin, represents a 
primary barrier component of the innate mucosal barrier and target site 
for secretory IgA. Polymeric Ig receptor (PigR) expressed on the baso-
lateral 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 the broiler, ileal tissues (n = 6 to 8/age) were 
dissected at embryonic d E14, E16, E18, hatch (H0), and 1, 3, and 7 d 
after hatching (H1, H3, H7). Transcripts were examined by quantita-
tive RT-PCR in duplicate and normalized to GADPH. Relative MUC2 
mRNA levels in the ileum were relatively low during E14–18. At H0 
and H1, MUC2 significantly increased 250- and 6.3-fold, followed by 
steady expression through H7. Relative IgA mRNA levels in the ileum 
increased continuously with a 3.3 fold increase from H5 to H7, but there 
was no dramatic change until H7. PigR had a very different pattern of 
expression. Its relative mRNA levels significantly decreased 10.9-fold 
from E14 to E16. During E18-H5, there was a gradual increase in PigR 
expression with a significant 7.8-fold increase at H1 followed by a 2.7-
fold increase at H3 and an additional 1.5-fold increase at H5. At H7, 
relative PigR mRNA decreased 2.4-fold. The chang in PigR expression 
may be related to maternal immunoglobulin transportation or directly 
through its inherent anti-bacterial property. Temporal analyses of the 
expression patterns of these genes provide us insight into intestinal 
maturation of mucosal immunity.

Key Words: broiler, mucin 2, IgA, polymeric Ig receptor

161   Both host and parasite MIF molecules bind to chicken mac-
rophages via CD74 surface receptor. S. Kim*1, C. M. Cox1, M. C. 
Jenkins2, R. H. Fetterer2, K. B. Miska2, and R. A. Dalloul1, 1Virginia 
Polytechnic Institute and State University, Blacksburg, 2USDA-ARS, 
Beltsville, MD.

Macrophage migration inhibitory factor (MIF) is recognized as a soluble 
factor produced by sensitized T lymphocytes and inhibits the random 
migration of macrophages. Recent research shows a more prominent 
role of MIF as a multi-functional cytokine mediating both innate and 
adaptive immune responses. Our group has identified both chicken and 
Eimeria MIF, and characterized its molecular function in enhancing 
innate immune responses during inflammation. In this study, we report 
that chicken CD74 (ChCD74), a type II transmembrane protein, func-
tions as a macrophage surface receptor that binds to MIF molecules. 
The results of flow cytometry and fluorescent microscopy showed that 
incubation of macrophages with recombinant chicken MIF (rChMIF) 
led to its binding on the surface of HTC cells. To verify that ChCD74 
acts as a surface receptor for MIF molecules, the recombinant form of 
ChCD74 (rChCD74) was transiently overexpressed with green fluores-
cent protein at its N terminus in HTC cells. Fluorescence analysis showed 
that incubation of HTC cells transiently overexpressing rChCD74 with 
rChMIF showed co-localization of the 2 molecules. The close interaction 
of rChCD74 and rChMIF was corroborated by immunoprecipitation 
assay. Since Eimeria sp. also produce and secrete Eimeria MIF (EMIF) 
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during infection, we examined the binding of rEMIF to chicken macro-
phages via ChCD74. Our analysis showed binding of rEMIF to chicken 
macrophages via rChCD74 as a surface receptor. Together, this study 
provides conclusive evidence that both host and parasite MIF molecules 
bind to chicken macrophages via the surface receptor ChCD74.

Key Words: chicken, Eimeria, macrophage, MIF, CD74

162   Developmental stages of the cyanophil, a recently described 
avian granulocyte. P. Cotter*1, D. Karcher2, and C. Robison2, 1Cotter 
Laboratory, Arlington, MA, 2Michigan State University, East Lansing.

Cyanophils, a recently described fourth member of the granulocyte 
series, are distinct from heterophils, basophils, or eosinophils based 
on their Romanowsky characteristics. Their diameters range in size 
from about 15 μm in larger versions to about 5 to 6 μm in the smallest 
examples. The cytoplasm of large cyanophils is highly vacuolated with 
blue or violet annular granules. The smallest versions lack vacuoles 
and have a reduced number of granules. Cyanophils are not variants 
of heterophil promyelocytes nor are they cells undergoing necrosis or 
apoptosis. Their nuclei are intact and show no signs of pyknosis, kary-
olysis, or karyorrhexis. The purpose here is to propose a development 
pattern based on observations made on blood of mature commercial 
hens. All stages were identified in Wright’s stained thin films, and each 
stage parallels those used for the granulocyte series. Photomicrography 
was made at 100x magnification by an Infinity-2 1.4 Megapixel CCD 
USB 2.0 Camera. The following assumptions were made: 1) large non 
granulated cells are early stages, 2) smaller stages arise through a series 
of mitoses, where granule numbers are reduced. The myeloblast, the first 
recognizable stage, has deep blue membrane edges, a large oval eccentric 
nucleus, fine chromatin, with large nucleoli, and a dilated endoplasmic 
reticulum. This stage is followed by a smaller promyelocyte with a more 
organized extranuclear ‘hof’. The progranulocyte is large, irregular in 
shape, has deep blue edges, and contains some blue granules, smaller 
annular rings, and clear vacuoles. The definitive stage is the size of a 
typical lymphocyte, and most are devoid of vacuoles with only a few 
granules. Some stages form intimate associations with lymphocytes, 
called “rosettes.” Their function has yet to be determined but they often 
accompany bacteremia and may have a phagocytic capacity. This study 
is part of the Coalition for a Sustainable Egg Supply (CSES).

Key Words: cyanophil development, granulocyte, phagocytosis, CSES

163   Differentially expressed genes in aortic smooth muscle 
cells from atherosclerosis-susceptible and atherosclerosis-resistant 
pigeons. R. L. Taylor Jr.*, J. L. Anderson, W. K. Thomas, and S. C. 
Smith, University of New Hampshire, Durham.

White Carneau (WC-As) pigeons show autosomal recessive inheritance 
(Online Mendelian Inheritance in Animals #2295) of susceptibility to 
spontaneous atherosclerosis. Features of developmental and degenera-
tion in aortic smooth muscle cells (SMC) cultured from susceptible 
WC-As and resistant Show Racer (SR-Ar) pigeons correspond to lesion 
formation in the respective SMC at atherosclerosis-prone sites in vivo. 
Differentially expressed genes between WC-As and SR-Ar aortic SMC 
were identified by Representational Difference Analysis (RDA). Primary 
aortic SMC cultures were prepared from one to 3 d-old WC-As and 
SR-Ar squabs. Final difference products were cloned and were trans-
formed into competent host cells. Rolling circle amplification was used 
to prepare templates for sequencing. Quality sequences were submitted 
to the GenBank EST database (dbEST). Sequences were BLASTed 
against the NCBI non-redundant nucleotide database (ntBLASTnr) to 

identify the transcripts. One thousand one hundred 26 EST were found 
among 672 clones sequenced from each breed. The number of unique 
difference products exclusive to the WC-As and SR-Ar were 60 and 
50, respectively. Distinct breed differences were found in genes from 
multiple biochemical pathways. Genes tied to energy metabolism and 
contractility showed the most prominent difference. Beta actin and col-
lagen genes, expressed in WC-As cells, suggested their dependence on 
glycolysis due to a synthetic SMC phenotype. In contrast, a contractile 
SMC phenotype in SR-Ar cells was related to oxidative phosphoryla-
tion gene expression through myosin light chain kinase and α actin. The 
possibilities of contractile functions being limited by insufficient ATP 
production or the deficiency of functional contractile elements down-
regulating ATP synthesis cannot be distinguished by the genes expressed 
due to the compressed in vitro versus in vivo developmental time frame 
in WC-As cells. The Sr-Ar pigeon demonstrated energy production gene 
expression coupled to muscle contraction unlike the WC-As.

Key Words: atherosclerosis, genetic resistance, representational dif-
ference analysis, pigeon

164   Immunological effects of Bacillus and Propionibacterium sp. 
direct-fed microbial strains in broilers chickens. S. M. Waititu*1, A. 
Yitbarek1, E. Matini1, H. Echeverry1, E. Kiarie2, C. M. Nyachoti1, and 
J. C. Rodriguez-Lecompte1,3, 1University of Manitoba, Department 
of Animal Science, Winnipeg, MB, Canada, 2Dupont Industrial Bio-
sciences-Danisco Animal Nutrition, Marlborough, Wiltshire, United 
Kingdom, 3Atlantic Veterinary College, University of Prince Edward 
Island, Charlottetown, Prince Edward Island, Canada.

The gut epithelial cells and intraepithelial lymphocytes are now rec-
ognized to play a major role in innate immunity, forming a highly 
specialized physical and functional barrier by responding directly to 
colonizing bacteria using specific cell-surface pattern recognition recep-
tors (PRRs) to detect and respond to the presence of microbial-associated 
molecular pattern (MAMP). A study was conducted to evaluate the 
immunological effects of 2 different gram-positive direct-fed microbial 
products in broiler chickens: a 3-strain Bacillus combination (DFMB) 
and a Propionibacterium (DFMP) sp. A total of 120 male Ross broiler 
chicks were weighed at d 1 of life and assigned to experimental diets 
of either a wheat-barley basal diet or basal diets with DFMB or DFMP 
both at 7.5 × 104 cfu/g with 8 replicate cages and 5 chicks per cage 
until 22 d. At the end of the experiment, samples from the ileum, cecal 
tonsil and spleen were collected for gene mRNA expression of TLR2b, 
TLR4, TLR21, IL-6, IL-8, IFN-b, IL-12p35, IFN-g, IL-10, IL-4, IL-13, 
TGF-b4, CD40, and IL-2 using qRT-PCR with β-actin as the house 
keeping gene. Chickens fed with DFMB downregulated gene expres-
sion of TLR2b in all 3 tissues; however, chickens fed with the DFMB 
product downregulated the same gene only in the ileum. IL-6, IL-4 and 
IL-2 were downregulated in chickens fed with DFMB in all 3 tissues, 
excluding IL-2 in the spleen, suggesting strain-specific modulation of 
inflammation, both locally and systemically. There was an upregulation 
of TGF-b4 in both ileum and cecal tonsil in chickens fed with DFMB and 
downregulation in ileum of IL-10 in the DFMP group. However, there 
was no effect of either treatment on gene expression of TLR4, TLR21, 
IL-8, IFN-b, IL-12p35, IFN-γ, and CD40 in any organ examined. In 
summary, these results suggest that the Bacillus combination had a more 
pronounced effect on local immunomodulation than the Propionibacte-
rium sp. Results indicate that epithelial cells of the intestine, cecal tonsil 
and spleen respond differently to colonizing bacteria of distinct genera 
using specific cell-surface PRRs

Key Words: probiotic, immunomodulation, broiler, toll-like receptor
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165   Effect of increasing concentrations of fumonisins in broiler 
chickens. B. Grenier*1,2, H. E. Schwartz3, U. Hofstetter2, W. D. Moll2, 
G. Schatzmayr2, and T. J. Applegate1, 1Purdue University, West Lafay-
ette, IN, 2BIOMIN Research Center, Tulln, Austria, 3Christian Doppler 
Lab. for Mycotoxin Metabolism, Tulln, Austria.

Among mycotoxins, fumonisins (FUM) pose a serious risk to the 
animal industry. Although the chicken is considered relatively tolerant 
to FUM up to 50 mg/kg not impairing performance, the effect on the 
gastrointestinal tract (GIT) is still unknown. However, poor intestinal 
absorption of FUM implies that a substantial portion of non-absorbed 
toxin remains in the lumen of the GIT. Thus, this study determined the 
effects of increasing concentrations of FUM fed to broiler chicks on 
intestinal gene expression and on the sphinganine/sphingosine ratio (Sa/
So; a biomarker of FUM exposure due to disruption of sphingolipid 
metabolism). Male broilers were assigned to 6 diets (6 pens/diet; 6 
birds/pen) from hatch to 20 d containing 0, 5, 10, 20, 50, or 100 mg 
FUM/kg diet. The Sa/So analyses revealed that the ratio increased 
significantly with at least 20 mg FUM/kg in most of the tissues ana-
lyzed. The ileum was undoubtedly the most affected tissue, followed 
by liver, jejunum, kidney, serum and cecum. The ratio in ileum was 2 
to 3 fold higher than in any other tissues, thus emphasizing the need 
to consider the intestine in the evaluation of FUM toxicity. Further, 
gene expression showed modulation of the mucosal immunity by diets 
containing as low as 5 mg FUM/kg. The ileum was the most affected 
tissue, with an upregulation of mRNAs encoding for IL-1β, IL-8, 
IL-17, IFN-γ and SOCS1. Interestingly, gene expression of IL-6 was 
downregulated in all segments of the GIT, namely jejunum, ileum and 
cecal tonsil. Similar effects were noted for IL-17, IL-21 and TLR4 in 
cecal tonsil. In conclusion, further work is needed to conclude on the 
mucosal response following FUM ingestion, but the immunomodulation 
observed might make the chick more susceptible to enteric infections, 
even at low doses of FUM.

Key Words: fumonisin, gastrointestinal tract, mucosal immunity, 
biomarker

166   The effect of yeast-derived products on innate and humoral 
immune response of broiler chickens. M. Alizadeh*1, A. Yitbarek1, 
H. Echeverry1, J. C. Rodriguez-Lecompte1,2, and B. A. Slominski1, 
1University of Manitoba, Winnipeg, MB, Canada, 2University of 
Prince Edward Island, Charlottetown, Prince Edward Island, Canada.

This study evaluated the effect of yeast-derived products on innate and 
antibody-mediated immune response of broiler chickens stimulated 
with sheep red blood cells (SRBC) and bovine serum albumin (BSA). 
Seventy one-day old chickens were randomly assigned to 7 dietary 
treatments: Positive control containing antibiotics; negative control 
(NC) without antibiotics; NC+10% of DDGS containing yeast bio-
mass; NC+0.25% of yeast cell wall polysaccharides (CWP); NC+0.2% 
of a commercial product (Maxi-Gen Plus) containing nucleotides and 
CWP; and NC+0.025% or 0.05% of nucleotides. On d 21 and 28 post-
hatching, birds were immunized with SRBC and BSA. One week after 
each immunization, blood samples were collected. Serum samples 
were analyzed by hemagglutinaiton (HA) for antibody response to 
SRBC and by ELISA for serum IgM and IgG response to BSA. On 
d 35, 5 birds per treatment were euthanized and the tissue samples 
from the cecal tonsil, and spleen were collected to assess the gene 
expression of toll-like receptors (TLR2 and TLR21), C-type lectins 
including monocyte mannose receptor (MMR), and mannose binding 
lectin (MBL), and cytokines (IL-10, IL-13, IL-12p35, and IFN-γ). 
The results of HA test showed that diet containing CWP increased (P 

< 0.05) secondary antibody response to SRBC (from log2 4.6 to 8.2 
GMT). The results of ELISA test demonstrated that diet containing 
0.05% of nucleotides had the lowest level of secondary IgM among 
the treatments (1.57 vs. 1.70 OD). Regarding the results of the gene 
expression analysis, diet containing 0.05% nucleotides upregulated (P 
< 0.05) the expression of IL-10 and IL-13 in the spleen. The results 
of gene expression in cecal tonsil showed that diet containing CWP 
upregulated (P < 0.05) the expression of TLR2, IL-10 and IL-13. In 
conclusion, diets containing 0.05% nucleotides and CWP showed 
immune-modulating effects by increasing antibody production and 
upregulation of the cytokines (IL-10 and IL-13) involved in antibody 
production.

Key Words: yeast, humoral immunity, innate immunity, cytokine, 
toll-like receptor

167   Effect of marine bio-products on enhancement of cell pro-
liferation in chickens. H. Al-Khalifa*, Kuwait Institute for Scientific 
Research, Kuwait City, Kuwait. 

Marine algae are structurally simple organisms that carry out the 
oxygen-producing process of photosynthesis through which they 
produce bio-products that can be used in feeding chickens. Algae 
have high growth rate which makes them suitable for fast biomass 
production. The current study investigated the effect of algal biomass 
oil on cell proliferation in broiler chickens. One-day-old male Ross 
308 broilers (n = 20) were fed algal biomass oil- or fish oil (FO)- 
enriched diet until slaughter. At slaughter, samples of blood, thymus 
and spleen were collected from each bird. Leukocytes were purified 
and prepared from the previously mentioned tissues. Flow cytometer 
was used to analyze the results of cell proliferation. Cell prolifera-
tion was highest in splenocytes, thymocytes and PBMCs (peripheral 
blood mononuclear cells) from broilers fed algal biomass and lowest 
for those from broilers fed FO. Feeding broiler chickens on diet rich 
in algal bio-products enhances cell proliferation of their splenocytes, 
thymocytes and PBMCs. Thus, enhances their immune response 
against infectious diseases.

Key Words: marine algae, broiler, cell proliferation, PBMC

168   Bacillus subtilis cell surface expression of immune enhanc-
ing molecules stimulates macrophage phagocytic activity. O. B. 
Faulkner*1, V. A. Kuttappan1, L. R. Bielke1, A. D. Wolfenden1, N. R. 
Pumford1, M. J. Morgan1, C. J. Kremer1, L. R. Berghman2, and B. M. 
Hargis1, 1University of Arkansas, Fayetteville, 2Texas A&M Univer-
sity, College Station.

Bacillus subtilis were engineered to express segments of CD154, and/
or high mobility group box 1 (HMGB1), on the cell surface to enhance 
immune activity as part of a vectored vaccine. CD154, or CD40 ligand, 
activates macrophages to release pro-inflammatory cytokines initiat-
ing an adaptive immune response. HMGB1 mediates the receptor for 
advanced glycation end product (RAGE) response in macrophages in 
response to pathogens indicating a danger signal to the immune system. 
Phagocytic activity of chicken macrophage-lineage cells, MQ-NCSU, 
was measured to determine immune activation by B. subtilis-vectored 
vaccines containing CD154 and/or HMGB1. Phagocytic activity of 
inactivated B. subtilis- vectored vaccines, 0.3% formaldehyde or 0.3% 
glutaraldehyde, was determined to choose the fixative that causes mini-
mal damage to the cell surface expressed antigen. Phagocytic activity 
was determined using flow cytometric analysis and pHrodo bioparticles. 
Macrophages were cocultured 1:1 with live, 0.3% formaldehyde-, 
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and 0.3% glutaraldehyde-inactivated B. subtilis-vectored vaccines 
for 1 h. B. subtilis-CD154, B. subtilis-HMGB1, or B. subtilis-CD154/
HMGB1, and wild type/unmodified B. subtilis phagocytic activity in 
MQ-NCSU cells was observed. Formaldehyde consistently reduced 
phagocytic activity of the B. subtilis-vectored vaccines (P < 0.05). 
Glutaraldehyde-inactivation enhanced phagocytic uptake presumably 

by reducing steric hindrance of cell surface expressed proteins on the 
B. subtilis-vectored vaccines. Chicken CD154 and HMGB1 enhance 
chicken macrophage phagocytic activity of bacterial-vectored vaccines. 
CD154 and HMGB1 incorporation into poultry vaccines may enhance 
or replace adjuvants in vaccines.

Key Words: bacteria, vaccine, CD154, HMGB1, macrophage
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169   Evaluation of Topmax (ractopamine) on performance 
in tom and hen turkeys: a meta-analysis. K. Hanford*1 and J. S. 
Bridges2, 1University of Nebraska, Lincoln, 2Elanco Animal Health, 
Greenfield, IN.

A meta-analysis of the effect of Topmax (ractopamine HCl) on the 
performance of hen and tom turkeys when administered the last 14 
d of finishing was conducted. Summary data from 18 studies were 
included. PROC GLIMMIX (SAS Inst.) was used with a model including 
fixed effects of linear and quadratic Topmax, sex, breed, age and their 
interactions and a random study effect. Any non-significant (α > 0.05) 
terms were dropped from the final model. Meta-analytical methods that 
weight responses by study precision of results were used. There was a 
significant linear relationship between level of Topmax and ADG kg/
day. For each unit change in mg/head/d (mg/hd/d) Topmax, there was a 
0.002 kg/d increase in ADG. There were significant linear and quadratic 
relationships between level of Topmax and F:G and G:F ratios. For each 
unit change in mg/hd/d Topmax, there was a linear 0.065 decrease in 
amount of feed needed for the same amount of gain and a linear 0.009 
increase in gain for the same amount of feed consumed. Both F:G and 
G:F ratios had a value which had a significant influence on the results. 
When this outlier was removed, there were no longer significant qua-
dratic relationships between level of Topmax and F:G and G:F ratios. 
Without the outlier, for each unit change in mg/hd/d Topmax, the linear 
decrease in the amount of feed needed for the same amount of gain was 
−0.021 and the linear increase in the gain for the same amount of feed 
consumed was 0.007. The results of these analyses support the conclu-
sion that feeding elevated levels of Topmax the last 14 d of finishing 
improves both hen and tom turkey production efficiency with expected 
outcomes of 0.068, 0.132 and 0.20 kg gain in toms and 0.064, 0.132, 
and 0.195 kg gain in hens fed 2.0, 4.0 or 6.0 mg/hd/d (respectively) 
relative to controls.

Key Words: meta-analysis, turkey, ractopamine, finishing

170   Effect of yeast cell product (CitriStim) supplementation on 
immune cell properties in chickens with an experimental coccidial 
infection. R. Shanmugasundaram1, M. Sifri2, and R. K. Selvaraj*1, 
1OARDC/The Ohio State University, Wooster, 2Archer Daniels Mid-
land ANI, Quincy, IL.

This experiment studied the effect of CitriStim (Pichia Guilliermondii), 
a commercial killed whole yeast cell prebiotic, on broiler performance, 
fecal coccidial oocyst count, regulatory T cells (Tregs), macrophage, 
CD4+ and CD8+ percentages and macrophage nitric oxide production 
during an experimental coccidial infection. A total of 90 one-day-old 
broiler chicks were fed a corn and soybean meal based diet supplemented 
with 0, 0.1 or 0.2% whole yeast cell product for 21 d in 5 pens per 
treatment (n = 5). At 21 d of age, birds were challenged with 1.2 × 106 
live coccidia oocysts. Supplementation with whole yeast cell product 
increased body weight gain between 0 and 12 d (P = 0.01) post-coccidial 
challenge. Birds supplemented with 0.2% whole yeast cell product had 
better (P = 0.01) feed efficiency between 0 and 12 d post-coccidial infec-
tion. Supplementation with whole yeast cell product decreased (P = 0.01) 
the fecal coccidial oocyst count at 7 d post-coccidial challenge. Coccidial 
infection increased the Treg percentage and decreased the macrophage 
nitric oxide production. Supplementation with whole yeast cell product 
reversed the coccidial infection induced increase in Treg percentage and 
decrease in macrophage nitric oxide production at both 5 (P = 0.04) and 

12 d (P = 0.01) post-coccidial challenge. Supplementation of whole yeast 
cell product did not significantly change the macrophage, CD4+, and 
CD8+ percentages in the cecal tonsils post-coccidial infection. It could 
be concluded that feeding whole yeast cell product improved produc-
tion performances and increased macrophage nitric oxide production 
post-coccidial challenge.

Key Words: Tregs, yeast cell product, coccidial infection

171   Reducing medication use in broiler chicken diets through 
nucleotide supplementation. R. Patterson*1, G. Mathis2, B. A. Slo-
minski3, and R. O. Jones1, 1Canadian Bio-Systems Inc., Calgary, AB, 
Canada, 2Southern Poultry Research, Athens, GA, 3University of Man-
itoba, Winnipeg, MB, Canada.

The potential of a yeast product rich in nucleotides to reduce medica-
tion use in broiler chicken diets was evaluated using 1600 male Cobb × 
Cobb broiler chickens, placed at 1 d of age, in a completely randomized 
experimental design. The test article, Maxi-GenPlus, is a nucleotide-rich 
yeast product (NP) containing a mixture of mono-nucleotides. Birds 
were randomly assigned to the following dietary treatments: Positive 
control (PC) containing 110 ppm bacitracin methylene disalicylate 
(BMD), Negative control (NC; no medication), NC + 0.05% NP, and 
NC + 0.05% NP + 55 ppm BMD. Diets were fed ad libitum for 42 d. 
Growth performance was not affected by dietary treatment on d 21 (P > 
0.05). On d 35, NP+BMD birds had greater BWG than NC birds (1.80 
vs. 1.72 kg, P < 0.05) but did not differ from NP (1.76 kg) or PC birds 
(1.77 kg). On d 35, feed intake of PC birds (3.06 kg/bird) did not differ 
from other dietary treatments, while feed intake was greater in NP birds 
(3.12 kg/bird) and NP+BMD birds (3.13 kg/bird) compared with NC 
birds (3.03 kg/bird). Day 35 FCR for NP+BMD birds was the same as 
PC birds (1.73 vs. 1.74) and lower than NC birds (1.78). On d 42, birds 
fed NP+BMD had the same BWG as PC birds (2.35 vs. 2.33 kg) and 
both treatments had greater BWG than NP (2.28 kg) and NC (2.20 kg) 
birds, respectively. Feed intake was significantly greater in NP (4.23 
kg/bird) and NP+BMD birds (4.25 kg/bird) than in NC birds (4.09 kg/
bird) and did not differ (4.20 kg/bird) compared with PC birds at d 42. 
On d 42, there was no difference in FCR between NP+BMD and PC 
birds (1.81 vs. 1.83) and NP+BMD birds had lower FCR than both NP 
(1.85) and NC birds (1.90), respectively. Mortality was lower in NP 
birds than NC birds (1.75% vs. 5.25%) and did not differ compared 
with NP+BMD (2.50%) or PC (4.25%) birds. This study suggests that 
feeding broiler chickens a yeast product rich in nucleotides can assist 
in reducing dietary medication usage.

Key Words: nucleotide, broiler chicken, medication reduction

172   Effects of feeding original XPC and salinomycin during a 
coccidia challenge in broilers. D. McIntyre*1, J. N. Broomhead1, G. 
F. Mathis2, and B. Lumpkins2, 1Diamond V, Cedar Rapids, IA, 2South-
ern Poultry Research Inc., Athens, GA.

Research was conducted investigating the individual and combined 
effects of feeding Diamond V Original XPC (a Saccharomyces cerevi-
siae fermentation product) and salinomycin (an anticoccidial) during 
a coccidia challenge. Three hundred twenty Cobb chicks were divided 
into 5 treatments at 1 d of age, with 8 replicate pens per treatment and 
8 birds per pen. The treatments included: (1) non-treated, non-infected 
(NC), 2) non-treated, infected (PC), 3) salinomycin treated, infected 
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(SAL), 4) Original XPC treated, infected (XPC), and 5) salinomycin 
plus XPC treated, infected (SAL-XPC). Additives were fed from 1 to 
27 d, with dietary inclusion of salinomycin at 66 g/metric ton and XPC 
at 1.25 kg/metric ton. At 21 d, birds were weighed and infected birds 
inoculated with a mixed Eimeria culture containing E. acervulina (EA), 
E. maxima (EM), and E. tenella (ET). Birds were weighed and lesion 
scored in the upper, middle, and cecal regions of the intestine 6 d post 
inoculation. Body weight gain (BWG) and feed conversion (FCR) were 
significantly (P < 0.05) improved in all treated, infected groups com-
pared with PC during the coccidia challenge. Of the infected treatment 
groups, SAL-XPC had the highest BWG and lowest FCR, followed by 
SAL, and then XPC. A similar response was observed for lesion scoring 
in which all treated, infected groups had significantly (P < 0.05) lower 
EA, EM, and ET lesion scores compared with PC. No difference (P > 
0.05) in EM lesion score was observed between the 3 treated, infected 
groups. Birds receiving SAL or SAL-XPC had significantly (P < 0.05) 
lower EA and ET lesion scores than XPC. Overall, salinomycin or 
Original XPC reduced coccidia lesions and the negative performance 
effects of the Eimeria challenge. The combination of both treatments 
resulted in the best improvement in performance during the challenge.

Key Words: broiler, Original XPC, salinomycin, coccidiosis, Eimeria

173   Effect of phenyllactic acid supplementation as an alterna-
tive to antibiotics on growth performance, immune response, and 
cecal microbial population of broiler chickens. H. M. Salim*1,3, D. 
W. Kim2, N. Akter2, H. K. Kang2, J. H. Kim2, J. C. Na2, H. C. Choi2, O. 
S. Suh2, and W. K. Kim1, 1Department of Animal Science, University of 
Manitoba, Winnipeg, MB, Canada, 2National Institute of Animal Sci-
ence, Rural Development Administration, Cheonan-si, South Korea, 
3Department of Livestock Services, Khamar Bari, Dhaka, Bangladesh.

A study was conducted to investigate the supplementation of phenyllactic 
acid (PLA) on growth performance, immune response, and cecal micro-
bial population of broiler chickens. A total of 750 1-d-old male broiler 
chicks were randomly placed in 5 dietary treatments with 5 replicate 
pens per treatment (30 birds/replicate pen). The 5 dietary treatments fed 
for 42 d were: a corn-soybean meal basal diet (Control); a mixture of 
avilamycin 10 ppm + salinomycin 60 ppm as antibiotics growth pro-
moters (AGP); 0.1% phenyllactic acid (PLA 1); 0.2% phenyllactic acid 
(PLA 2); and 0.4% phenyllactic acid (PLA 3). No significant difference 
was observed between the treatments in feed intake and livability of 
broilers; however, the body weight (BW) gain and feed efficiency were 
significantly (P < 0.05) improved in AGP and PLA groups compared 
with control group. The white blood cell and heterophil were signifi-
cantly higher in PLA supplemented groups compared with AGP and 
control groups, but the heterophil:lymphocyte ratio was lower in control 
group than other groups. The plasma IgG concentration was significantly 
increased (P < 0.05) in birds fed PLA supplemented diet, but the plasma 
IgA and IgM concentrations were not different among the treatment 
groups. In addition, the antibody titer against Newcastle disease virus 
was significantly higher in PLA compared with control and AGP, but 
the antibody titer against infectious bronchitis virus was not affected 
by dietary supplementation of PLA and AGP. Neither PLA nor AGP 
treatments affected the cecal aerobes and Salmonella content; however, 
cecal Lactobacillus population increased in chickens fed PLA 1, and total 
coliform bacteria population significantly decreased in chickens fed PLA 
and AGP. It is concluded that dietary PLA supplementation increases the 
growth performance, immune characteristics and the number of lactic 
acid bacteria, and decreases the number of coliform bacteria of broiler 
chickens. Thus, dietary PLA could be a viable alternative to antibiotics 
in the commercial broiler diets.

Key Words: phenyllactic acid, growth performance, microbial popula-
tion, broiler

174   Dose responses to dietary Bacillus subtilis C-3102 (Cal-
sporin) spores when broiler chicks were challenged with Eimeria 
maxima and Clostridium perfringens. T. T. Lohrmann*1, N. Otomo2, 
T. Hamaoka2, G. F. Mathis3, B. Lumpkins3, and D. M. Hooge4, 1Qual-
ity Technology International Inc., Elgin, IL, 2Calpis USA Inc., Mt 
Prospect, IL, 3Southern Poultry Research Inc., Athens, GA, 4Hooge 
Consulting Service LLC, Eagle Mountain, UT.

A battery trial from 0 to 28 d of age used Cobb male broiler chicks chal-
lenged with 0 or ~5,000 oocysts of Eimeria maxima on d 14 and with 
0 or 1 × 108 cfu of Clostridium perfringens per bird on d 19, 20, and 
21. There were 8 cages of 8 birds each per treatment. Five treatments 
were: (1) Non-infected chicks, non-medicated diets; (2) infected chicks, 
non-medicated diets; (3) infected chicks, Calsporin 1x (300,000 cfu/g) 
diets; (4) infected chicks, Calsporin 2x diets; and (5) infected chicks, 
Calsporin 3x diets. Necrotic enteritis (NE) intestinal lesion scoring (0 
to 3) was done on 3 birds/cage on d 21. One-way ANOVA and Tukey’s 
HSD test (P ≤ 0.05) were used. The 14–21 d BW gain was lower (P 
= 0.015) and feed/gain (F/G) higher (P < 0.001) for T2 than T1, with 
groups T3 to T5 intermediate. For 0–21 d F/G, T1 was lower (P < 0.001) 
than T2, T4, and T5, with T3 intermediate. Calsporin diets gave benefits 
in 14–21 and 0–28 d F/G during coccidial-clostridial challenge. The 2x 
and 3x Calsporin diets had lower NE mortality, and 3x Calsporin diets 
had lower NE lesion scores, than infected birds on nonmedicated diets.

Table 1.

Treatment 
BW  

gain, g
Feed/ 
gain

Mort-Adj 
F/G

NE  
Mort, %

NE  
Score

T1 NonInf, Nonmed 802 1.93c 1.93b 0b 0c

T2 Inf, Nonmed 722 2.30a 2.13a 12.50a 1.04a

T3 Inf, Calsporin 1x 778 2.11b 2.06ab 4.69ab 0.67ab

T4 Inf, Calsporin 2x 767 2.14b 2.08a 3.13b 0.67ab

T5 Inf, Calsporin 3x 777 2.12b 2.09a 3.13b 0.17bc

P value 0.371 <0.001 0.004 0.001 <0.001

Key Words: Bacillus subtilis C-3102, broiler, Calsporin, coccidiosis, 
necrotic enteritis

175   Impact of a proprietary blend (PB) of Quillaja saponaria 
and Yucca schidigera and commercially available direct fed micro-
bials (DFM) on performance of commercial broilers. D. F. Calabo-
tta*1, R. Otero2, W. Knehans1, and F. R. Scott1, 1Prince Agri Products 
Inc., Quincy, IL, 2Desert King International Inc., San Diego, CA.

Sixteen replicate pens (20 birds/replicate) of 6 treatments (T) were 
utilized to assess the impact of a PB of Quillaja saponaria and Yucca 
schidigera and 2 commercially available direct fed microbial (DFM) 
preparations on growing broilers. T1 was a Positive Control (PC) stan-
dard commercial diet containing Bacillus subtilis (BS) at 1lb/ton and 
25 g/ton of BMD in the starter and grower diets and 15 g/ton of virgin-
iamycin in finisher 1 and 2 diets. T2 was a Negative Control (NC) that 
contained T1 minus BS; T3 was comprised of T1 plus 125 ppm of PB; 
T4 was comprised of T2 plus 125 ppm of PB; T5 was comprised of T2 
plus 7.5 g/ton (15 X109 cfu/g) of Bacillus coagulans; T6 was comprised 
of T2 plus 125 ppm of PB and 7.5 g/ton of Bacillus coagulans. All 
diets contained Nicarbazine 25% and Maxiban for coccidiosis control. 
Performance measures included mortality, feed consumption, process-
ing weight, feed conversion (actual and mortality corrected), and bird 
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weights on d 0, 7, 14, 28, 42, and at end of trial (Day 48). Also at d 20 
litter samples were taken for subsequent analysis of oocyst counts. No 
differences among treatments were observed in body weight at d 48. 
Feed conversion measurements observed at d 48 for T1, T2, T3, T4, T5, 
and T6 were 1.859, 1.836, 1.833, 1.835, 1.833, and 1.773, respectively. 
T6 feed conversion performance was significantly improved (P < 0.01) 
versus all other diets suggesting a possible synergistic benefit associated 
with PB and Bacillus coagulans. These results demonstrated the potential 
performance benefits associated with Quillaja-based saponin and DFM 
blends. Additional research is warranted to further delineate improve-
ments of these blends under various commercial feeding scenarios.

Key Words: saponin, broiler, Quillaja, Bacillus, DFM

176   Evaluation of an essential oil blend in young broilers fed 
rye wheat based diet. F. Yan*, J. Dibner, and M. Vazquez-Anon, 
Novus International Inc., St. Charles, MO.

A single battery study was conducted to evaluate the effect of a synthetic 
1:1 thymol carvacrol blend (Next Enhance 150; Carotenoid Technolo-
gies, S.A.) on growth performance and gut health of broilers fed a rye 
and wheat based diet and challenged with 3 mixed species of Eimeria on 
d 0. A rye, wheat and soybean meal based diet was formulated to meet or 
exceed nutrient requirements of broilers. To this basal diet, the essential 
oil blend was added at 0, 30, 60, or 120 g/ton to provide 0, 15, 30, or 60 
g/ton essential oils, in which half was thymol and half was carvacrol. 
BMD at 50 g/ton and a nonstarch polysaccharides (NSP) degrading 
enzyme blend (containing xylanase, β-glucanase, and α-galactosidase; 
Cibenza CSM, Novus International, Inc.) at 500 g/ton served as positive 
controls. Each of the 6 test diets was fed to 8 replicate pens of 8 male 
broilers from 0 to 31 d of age. Growth performance was measured at 
d 7, 14, 21, and 29. Gut health parameters measured were serum uric 
acid and α-1 acid glycoprotein on d 7, ileal Clostridium perfringens 
on d 15, ileal lactobacilli on d 30, and digesta viscosity on d 31. Data 
were analyzed by one-way ANOVA and statements of significance were 
based on P < 0.05. Essential oil blend at 60 g/ton significantly improved 
overall body weight by 14% (1012 g versus 886 g) and FCR by 15 points 
(1.869 versus 2.019) and its effect was not significantly different from 
BMD. The NSP enzyme blend significantly increased body weight, 
feed intake and improved FCR and the effect was greater than BMD or 
essential oil blend. Only the NSP enzyme blend significantly reduced 
digesta viscosity. Serum α-1 acid glycoprotein and uric acid concentra-
tion, and ileal Clostridium perfringens and lactobacilli counts were not 
significantly affected by dietary treatments. The study demonstrated that 
an essential oil blend delivered a similar improvement in performance 
to BMD in broilers under gut health challenge and could be an effective 
tool in antibiotic free broiler production.

Key Words: broiler, gut health, essential oil

177   Improving growth performance, livability and modify-
ing cecum microbiota in broilers with natural feed additives. A. 
Kovàcs*1, R. Urbaityte1, N. Roth1, and S. Weidong2, 1Biomin Hold-
ing GmbH, Herzogenburg, Lower Austria, Austria, 2Clinical Center of 
Animal Diseases, Diagnosis and Therapy, Nanjing Agricultural Uni-
versity, China.

Permeabilizing substances can improve the efficacy of organic acids 
and phytochemicals.An experiment was conducted to study the effects 
of dietary supplementation with a conventional acidifier versus a blend 
of organic acids combined with cinnamaldehyde and a permeabilizing 
substance (Biotronic Top3, Biomin, Austria) on growth performance, 

livability and cecum microbiota. Six hundred day-old AA broiler chicks 
were randomly assigned to 3 treatments with 4 replicates in each treat-
ment and 50 broilers per replicate. A negative control group received 
a standard diet, whereas trial group I diet was supplemented with 2 
kg of the conventional acidifier and trial group II diet with 1 kg of the 
combined product. The feeding trial lasted for 42 d. Eight animals from 
each group were randomly selected and slaughtered at 21 and 42 d of 
age. Growth performance and mortality rates were recorded. The counts 
of E. coli, Salmonella, Clostridium perfringens, and lactobacilli, in 
the cecal content were analyzed. Conventional acidifier and combined 
product significantly increased the final weight and average daily gain 
while decreasing the feed conversion ratio and mortality (P < 0.05). 
The counts of E. coli, Salmonella and Clostridium perfringens (P < 
0.05) were significantly decreased and lactobacilli (P < 0.1) increased 
in both trial groups compared with the control. These results indicated 
that the conventional acidifier as well as the combined product reduced 
mortality and improved growth performance in broilers by changing the 
intestinal microbiota. However, the blend of organic acids combined 
with antimicrobial substances was more beneficial, having a higher 
antimicrobial efficacy in a lower dose.

Key Words: acid, microbiota, phytochemical, permeabilizer, broiler

178   Effects of propolis and/or bee pollen as alternatives to 
mannan oligosaccharides when given continuously or intermit-
tently on production, and physiological performance of broilers. Y. 
A. Attia*1,2, A. E. Abd Al-Hamid2, M. S. Ibrahim3, M. A. Al-Harthi1, 
and A. Sh. El-Naggar2, 1Arid Land Agriculture Department, Faculty of 
Meteorology, Environment and Arid Land Agriculture, King Abdulaziz 
University, Jeddah, Jeddah, Saudi Arabia, 2Department of Animal and 
Poultry Production, Faculty of Agriculture, Damanhour University, 
Damanhour, Behria, Egypt, 3Department of Microbiology, Faculty 
of Veterinary Medicine, Damanhour University, Egypt, Damanhour, 
Behria, Egypt.

The objective of this work was to compare the effect of bee pollen (BP) 
and/or propolis (Pro) as alternative feed supplements to well-known 
prebiotics mannan oligosaccharides (MOS) when given continuously 
or intermittently on productive and physiological performance of broiler 
chicks. Thus, a total of 324 unsexed one-day-old Arbor Acres broilers 
were randomly distributed into 9 treatment groups, each replicated 6 
times of 6 birds per replicate. The chicks were kept in wire cages fed 
the same basal diet and were submitted to the following treatments: 
control without supplementation (control), or supplemented with BP at 
300 mg, Pro at 300 mg, BP+Pro at 300 mg and MOS at 0.5 g/l water. 
Each supplemented group was subdivided into 2 subgroups in which the 
additives were administrated continuously or intermittently. Thus, there 
were 4 additives each given by 2 administration ways plus the control 
group (un-supplemented). In the continuous supplemented groups, 
supplements were given from one till 36 d of age, and in the intermit-
tent supplemented groups, the administration was only 3 d before, on 
the day of and day after vaccination. Results showed that BP and/or Pro 
either by continuous or intermittent treatment was equally effective for 
improving productive performance, increasing percentage of dressed 
carcass weight and was similar to MOS. There was no synergistic effect 
of BP and Pro on growth performance indicating that either of them is 
adequate depending on the relative supplementation cost. These natural 
growth promoters improved hematological criteria, lipid metabolism, 
liver and renal functions of broilers. Thus, the intermittent supplementa-
tion way decreased supplementation cost by 40%.

Key Words: feed additive, broiler, continuous, intermittent, growth
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179   Effects of canthaxanthin and 25-hydroxycholecalciferol 
(25-OH-D3) on broiler breeder performance . L. F. Araujo*, C. S. 
S. Araujo, R. Albuquerque, A. A. Murakami, and N. T. G. Koyama, 
Universtiy of Sao Paulo, Pirassununga, Sao Paulo, Brazil.

The objective of this study was to investigate the effects of canthaxan-
thin and 25-OH-D3, on broiler breeder production. In total, 80 breeder 
hens (Cobb 500) were randomly divided into 2 treatments consisting 
of 40 birds each (10 replicates of 4). The breeder hens were fed either 
a basal diet (negative control, NC) or the basal diet supplemented with 
1kg of MaxiChick (DSM Nutritional Products, Switzerland; containing 
6 g of canthaxanthin and 69 mg of 25-OH-D3)/ton of feed from 25 to 
62 weeks. At the end of the 35, 45, and 62 weeks, all hatching eggs laid 
were incubated. The parameters evaluated were: egg production (%), 
fertility (%), hatchability (%), fertile hatched eggs (%), mortality, and 
specific gravity. ANOVA of data were performed using GLM procedure 

of SAS, considering 5% of significance. Canthaxanthin and 25-OH-D3 
supplementation resulted significant improvements (P < 0.05) in the 
following parameters compared with NC, on wk 35: egg production 
(85.3 vs. 86.6%), fertility (95.5 vs. 96.6%), hatchability (85.6 vs. 86.7%), 
fertile hatched (86.1 vs. 87.4), and reduction on mortality at first wk (5.6 
vs. 2.9); at 45 wk: egg production (74.2 vs. 77.0%), fertility (94.2 vs. 
97.2%), hatchability (85.4 vs. 86.8%), fertile hatched (88.3 vs. 90.2), and 
reduction on mortality at first wk (4.6 vs. 1.1); at 62 wk: egg production 
(64.8 vs. 68.3%), fertility (83.3 vs. 86.6%), hatchability (74.2 vs. 77.2%), 
fertile hatched (82.3 vs. 86.2), specific gravity (1.075 vs. 1.084), and 
reduction on mortality at first week (4.3 vs. 0.00). Results suggest that 
the combination of canthaxanthin and 25-OH-D3 enhance the maternal 
capabilities, which might be beneficial for poultry producers.

Key Words: carotenoid, vitamin D3, fertility, egg production, 
hatchability
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180   Broiler chicks’ response to high dose of coccidia vaccine 
challenge on nutrient and energy utilization, gut inflammation, 
and nutrient transporters. S. A. Adedokun* and T. J. Applegate, 
Purdue University, Department of Animal Sciences, West Lafayette, 
IN.

One hundred twenty-eight 14-d-old broiler chicks were used to inves-
tigate the effect of high dose of coccidia vaccine challenge (25 times 
normal dose) on energy and nutrient digestibility and utilization and its 
effects of intestinal mucosal inflammation and gut integrity in 21- and 
27-d-old broilers. All birds were fed a standard broiler starter diet from 
d 0–14 after which they were allocated to 2 experimental treatments 
(not challenged, NCH and challenged, CHA) in a completely random-
ized design with 8 replicate cages/treatment and 8 birds/cage. All birds 
were divided into 2 groups of 64 birds each with similar average BW. 
One treatment group was orally gavaged (CHA) with high dose (25x) 
of coccidia vaccine on d 15 while birds in the second treatment group 
(NCH) were gavaged with similar volume of distilled water. Both treat-
ment groups were fed a similar grower (d 14–27) diet that was adequate 
in all nutrients and energy. Coccidia vaccine challenge decreased (P < 
0.05) BW gain (d 14–21), feed intake (d 14–21 and 21–27), and feed 
efficiency (d 14–21). Coccidia challenge showed a tendency (P = 0.08) 
to reduce ileal N digestibility 12-d post challenge. Total tract DM, N, 
and energy utilization was lower (P < 0.05) in CHA birds 12-d post 
challenge. Coccidia vaccine challenge resulted in an increased (P < 0.05) 
upregulation of some genes of marker of inflammation and mucosal 
integrity in the duodenum (interleukin, IL-1β, IL-6, and claudin-1), 
jejunum (IL-1β, IL-6, and IL-17, and claudin-1) and ileum (claudin-1) 
6-d post challenge (d 21). Glucose (SGLT-1) and phosphate (NaPi-IIb) 
transporters in the duodenum and jejunum were downregulated (P < 
0.05) in CHA birds 6-d post challenge. Jejunal IL-1β and claudin-1 
gene expressions were upregulated (P < 0.05) and NaPi-IIb, SGLT-1, 
and MUC-2 gene expressions were downregulated (P < 0.05) in CHA 
birds 12-d post challenge. Results from this study showed that coccidia 
challenge could result in gut inflammation with a significant cost to 
nutrient and energy utilization and is partly explained by changes to 
marker of glucose transport.

Key Words: broiler, coccidia vaccine challenge, gut inflammation

181   Effect of a severely restricted feed program at the onset of 
lay and corn particle size on performance of three weight classes 
of broiler breeders. Y. M. Lin*, C. R. Stark, and J. Brake, Prestage 
Department of Poultry Science, North Carolina State University, 
Raleigh.

Previous studies have shown that larger corn particle size either 
decreased or increased broiler BW but improved overall feed conver-
sion ratio (FCR) under different scenarios. Furthermore, restricted 
feeding of broiler chickens reduced BW but improved mortality and 
FCR. Given the advantages found in broilers, the effect of corn particle 
size on restricted-fed broiler breeders was investigated during onset 
of lay when body reserves and feed intake were low. The objective of 
this study was to determine the effects of 2 different particle sizes of 
corn on proventriculus and gizzard weight, BW gain, and reproductive 
performance in a severely feed restricted scenario at the onset of lay. 
Two mash breeder diets with 0 or 50% coarse corn were fed from 24 
wk of age into production. The restricted feed program started with 108 
g of feed per bird per day at 24 wk. When production reached 5%, 1 

g of feed was added per bird per day. Initially, 180 birds were moved 
from litter floor pens into individual cages. BW was measured weekly 
from 24 to 31 wk. The birds were categorized into 3 groups (Small, 
Medium, and Large) according to BW at 24 wk. Hens were necropsied 
to determine gizzard, proventriculus, ovary and oviduct weight at 24, 
25, 26, and 32 wk of age. Gizzard weight decreased as the birds aged. 
In this severely restricted feeding scenario, the fine corn diet increased 
egg mass and number of eggs produced, while BW was smaller than 
in the coarse corn birds. Small birds came into production later and 
produced fewer and smaller eggs than Large birds. This indicated that 
the Small birds did not possess sufficient reserves at 24 wk required to 
produce eggs. The fine corn diet provided the birds with more energy 
in this restricted feeding cage scenario where the gizzard was fully 
functional at onset of the study.

Key Words: breeder, proventriculus, feed restriction, gizzard, particle 
size

182   Effects of diet type and nutrient density on small intes-
tine morphology in broiler chicks from day 8 to 21 post-hatch. X. 
Wang*, E. D. Peebles, T. W. Morgan, R. L. Harkess, and W. Zhai, Mis-
sissippi State University, Mississippi State.

The effects of diet type and amino acid (AA) and apparent metaboliz-
able energy (AME) levels on small intestinal length and morphology in 
broiler chicks were investigated. A total of 1,120 male Ross × Ross 708 
chicks were randomly allocated to 80 pens (8 treatments, 10 replicates 
per treatment, 14 chicks per pen). This study was a 2 × 2 × 2 factorial 
arrangement of treatments used to investigate the interaction among 
diet types [high distillers dried grains with solubles diet (hDDGS) 
or high meat and bone meal diet (hMBM)], AA densities (moderate 
or high), and AME densities (moderate or high) of diets fed from d 8 
to 21 of post-hatch age on small intestine morphology of the chicks. 
Two chicks per pen were euthanized by CO2 asphyxiation and small 
intestine sections (duodenum, jejunum, and ileum) were collected and 
measured individually using linear distance from starting point to end 
point of each section on d 21 post-hatch. Jejunum sections were then 
formalin-fixed and processed for histological measurement of villi and 
goblet cells. Chicks fed hDDGS diets exhibited longer small intestines 
than did chicks fed hMBM diets (P = 0.04). Particularly, when fed high 
AA density diets, jejuna were longer in groups fed hDDGS diets than 
groups fed hMBM diets (P = 0.02). Furthermore, morphological exami-
nation showed that diet did not affect jejunum crypt depth, or goblet 
cell size and density. However, in the MBM diet group, the jejunum 
villi of chicks fed a higher AA density diet were longer (P = 0.06) and 
narrower (P = 0.08). In birds fed diets containing hDDGS and with a 
high AME density, a higher AA level increased jejunum muscle thick-
ness (P = 0.03). These results suggest that diet type and nutrient density 
alter the length and muscle thickness of jejunum and may subsequently 
influence muscular contraction and peristalsis.

Key Words: amino acid, metabolizable energy, small intestine length, 
goblet cell, villus

183   Effects of programmed nutrition (PN) strategy and post-
hatch holding time on the performance and carcass characteristics 
of broiler chicks. M. A. Paul*, A. J. Pescatore, T. Ao, A. H. Cantor, 
R. S. Samuel, M. J. Ford, W. D. King, and K. A. Dawson, Alltech-
University of Kentucky Nutrition Research Alliance, Lexington.
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Evidence from emerging studies indicates that an early life nutrition 
strategy may have a long-term impact on growth performance and 
nutrient digestibility in chicks. Additionally, it has been demonstrated 
that delayed access to feed affects post-hatch performance in broilers. 
The present study was designed to address the effects of a proprietary 
conditioning diet (PN Post Hatch Broiler, Alltech, Inc.) and holding time 
on growth performance and carcass characteristics of broiler chicks. A 
control corn-soy diet or the PN Post Hatch Broiler diet was fed on day 
of hatch, 24 h or 48 h post-hatch for a 3d period in a 2 × 3 factorial 
arrangement. Seven replicate groups of 24 male chicks were randomly 
assigned to each treatment. Following the initial 3d period, all chicks 
were fed the same diet containing decreased levels of ME, minerals and 
vitamin E. Chicks were raised in environmentally controlled floor pens 
for 41d. Chicks fed the PN diet were heavier than chicks fed the control 
diet at 19 d of age (503 vs. 479 g, P = 0.02) and at 30 d of age (1191 vs. 
1162 g, P = 0.08). Post-hatch holding time linearly decreased weight gain 
and feed intake through d 19. The 48 h holding time decreased weight 
gain (P = 0.09) and feed intake (P < 0.01) compared with the other 2 
holding times through 30 d. By d 41, 48 h holding time decreased feed 
intake (P = 0.02), and improved gain to feed ratio (P = 0.01). Birds fed 
the PN diet had higher hot (P = 0.02) and cold (P = 0.04) carcass yields 
compared with birds fed the control diet. Birds held for 48 h compared 
with the other 2 holding times had a lower carcass percentage of live 
weight (P = 0.04) and yield of pectoralis minor muscle as a percent-
age of cold carcass weight (P = 0.04). The results of this experiment 
indicated that the PN Post Hatch Broiler diet improved performance of 
broiler chicks and carcass yield and that a post-hatch holding time of 
48 h was detrimental to the performance of the chicks.

Key Words: programmed nutrition strategy, post-hatch holding time, 
chicks, performance, carcass characteristic

184   Growth performance, nutrient and energy intake of alter-
native breeds used for meat production provided through the use 
of 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.

This study was conducted to determine the nutrient and energy intake 
of alternative chicken breeds used for meat production through a self-
selection feeding program. Seventy-five day-old chicks per breed/strain 
(Cornish Cross males (CCM), Cornish Cross females (CCF), Red Rang-
ers males (RR), and males from 3 heritage breeds of Rhode Island Red 
(RIR), Barred Plymouth Rock (BPR), and Black Australorp (BA)) were 
divided into 3 replicate groups and randomly assigned to floor pens at a 
density of 929 cm2/bird. All chicks received a complete diet for the first 
2 weeks, and then were transitioned to a self-selection feeding program 
using 4 feed choices provided on an ad libitum basis. The feed choices 
included a protein concentrate (39% CP) without added methionine and 
3 grains that were similar in energy content, but differed in protein and 
methionine content (cracked corn, naked oats, and pearl millet). The 
feeds were randomly allocated to 4 identical feeders within each pen and 
the location of the feeders was rotated 2–3 times per week. All birds were 
grown to 2300 g. CCM, CCF, RR, and the heritage breeds reached this 
weight at 7, 8, 9, and 20 weeks respectively. During the self-selection 
feeding program, the average daily gain was 51.0, 45.1, 35.2, and 10.5 
g/bird/day for CCM, CCF, RR, and the heritage breeds respectively (P 
< 0.0001). The heritage breeds had a significantly poorer (P < 0.0001) 
feed efficiency (feed/gain = 5.79) than CCM (2.00), CCF (2.07), and 
RR (2.56). CCM, CCF, and RR selected diets lower in energy (2887 
vs. 2950 vs. 2982 vs. 3068 kcal/kg, P < 0.0001), and higher in protein 

(20.8 vs. 19.2 vs. 18.3 vs. 16.2%, P < 0.0001) than the heritage breeds. 
Methionine intake varied significantly (P < 0.0001) by breed/strain with 
CCM having the highest (0.32%), followed by the CCF and RR (0.31%), 
and was lowest in the heritage breeds (0.27%). Based on self-selection, 
the nutrient and energy intake varied by breed/strain and should be taken 
into consideration when formulating diets for alternative breeds/strains.

Key Words: self-selection feeding, alternative breed, broiler

185   The effect of different mineral sources on growth perfor-
mance of turkeys. S. M. Al-Sherify*1, C. I. Robison1, S. A. Adedo-
kun2, and D. M. Karcher1, 1Michigan State University, East Lansing, 
2Purdue University, West Lafayette, IN.

Two studies were conducted to test the hypothesis that gasification will 
result in decreased calcium (Ca) and phosphorus (P) availability due 
to non-specific binding to other minerals. The aim was to evaluate the 
effect of Ca and P from turkey litter on Ca and P digestibility and growth 
performance of turkey poults. The first experiment had limestone as the 
Ca source in the first 4 diets at the levels 9.2, 10.4, 11.7, and 12.9 g/
kg diets; however, litter ash was used as the Ca source with the other 3 
diets at the levels 9.9, 11.0, and 12.1 g/kg diet. The second experiment 
had monosodium phosphate as the P source in the first 4 diets at the 
levels 7.9, 9.4, 10.9, and 12.4 g/kg diet; however, litter ash was used 
as the P source with the other 3 diets at the levels 7.4, 8.4, and 9.3 g/
kg diet. All poults were fed standard starter diet during the first week. 
Each experiment had 6 replicates per treatment with 8 birds per pen 
from d 7–28. In the first experiment, no significant differences were 
found in feed consumption, conversion or bone measurements. Ileal 
Ca digestibility for low limestone was higher (P < 0.05) than low litter 
ash diet; however, the digestibility of Ca in the ileum for high limestone 
was lower (P ≤ 0.003) than high litter ash diet. The results suggest that 
using approximately 11 g/kg Ca from turkey litter ash in the diet is 
comparable to a standard limestone diet 11.7 g/kg. Phosphorus source 
in the second experiment had an effect on the body weight gain (P ≤ 
0.01), feed intake (P ≤ 0.02), and bone parameters (P ≤ 0.05) when the 
body weight gain and feed intake found to be highest with litter ash 
compare with limestone source, specifically between the highest levels; 
however, the opposite was found with bone parameters, specifically 
tibia and femur ash. The ileal P digestibility was not different between 
the litter ash and monosodium phosphate diets. The data indicated that 
using 8.4 g/kg P from the litter ash in the diet resulted in performance 
similar to the monosodium phosphate diet 10.9 g/kg. Therefore, litter 
ash substituted into turkey starter diets for the first 28 d of production 
had no significant impact on production parameters.

Key Words: calcium, phosphorus, litter ash, turkey

186   Starch source and feeding frequency affect the perfor-
mance of broiler breeders during the early laying phase . A. Deep*, 
T. A. Scott, A. G. Van Kessel, and H. L. Classen, University of Sas-
katchewan, Saskatoon, SK, Canada.

An experiment was conducted to study the impact of feeding slowly 
(pea) or rapidly (wheat) degraded starch on a once or twice a day basis 
on the reproductive performance of broiler breeders (21–35 wk) and the 
growth performance of their offspring (0–20 d). A total of 160 broiler 
breeder pullets (Ross 308) were housed in individual cages and fed 
either a pea- or wheat-based diet once (08:00) or twice (08:00, 15:00) 
a day. A group of 5 birds served as a replicate and each treatment was 
replicated 8 times. Hens were inseminated twice weekly (29, 30, 31 and 
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32 wk) with pooled semen from Ross 308 males to determine fertility 
and embryonic mortality, and to produce chicks for an offspring growth 
experiment. Data were analyzed as 2 × 2 factorial arrangement using the 
mixed model of SAS and the level of significance was fixed at P = 0.05. 
Average body weight was maintained at target levels by adjusting feed 
intake, and values were similar among treatments. Feed clean up time 
was longer for a pea-based (11.2 versus 9.2 min/100 g of feed) than a 
wheat-based diet. Frequency of feeding did not affect egg production and 
body weight uniformity for hens fed a pea-based diet, but feeding twice 
a day increased these criteria in hens fed a wheat-based diet. In contrast, 
egg weight and hatch chick weight increased when a pea-based diet was 
fed twice vs. once a day, and frequency of feeding did not affect egg or 
chick weights for wheat-fed hens. Feeding a pea-based diet resulted in 
a lower (0.73 versus 1.23) percentage of double yolked eggs. Twice a 
day feeding resulted in heavier egg wet-shell weights. Neither the nature 
of the diet, nor the frequency of feeding, affected ovarian structure or 
egg fertility. Feeding a pea-based diet reduced embryonic mortality. 
Growth rate, feed intake and feed efficiency of broiler offspring were 
unaffected by hen dietary treatment. Overall, effects of starch source 
on egg production, uniformity, egg weight and hatch chick weight 
were feeding frequency dependent. Feeding a pea based diet resulted 
in improved reproductive performance in broiler breeders.

Key Words: pea, wheat, uniformity, embryonic mortality, hatchability

187   Energy partitioned towards follicular growth in commer-
cial and heritage single comb White Leghorn hens. E. S. Backer* 
and M. J. Zuidhof, University of Alberta, Edmonton, AB, Canada.

The objective of the current experiment was to investigate energy parti-
tioned for follicular growth in 32-wk-old modern commercial line (CL) 
and heritage line (HL) Single Comb White Leghorn hens. The volume 
of yolk deposited daily during the rapid growth phase was estimated 
using a double dye technique. For 21 d, between 0730 and 0800h, 8 
CL and 8 HL were fed capsules (no. 1) containing Sudan dye. Eight 
control CL were fed empty capsules. All birds were fed a standard layer 
diet ad libitum. Bird BW and feed consumption were measured daily. 
An empirical nutrient requirement model was used to estimate energy 
requirements. Eggs were collected, weighed, and boiled daily. The yolks 
were isolated, weighed and bisected. Duplicate perpendicular dye ring 
radii were measured from the center of the yolk to the inner edge of each 
ring and the volume of yolk deposited was estimated. Data were reported 
as significant where P ≤ 0.05. Average BW was 1.637 kg for CL and 
1.596 kg for HL. The ME intake was 312 kcal/d for CL and 270 kcal/d 
for HL. Egg weight was 61.4 and 56.4 g in CL and HL, respectively. Dye 
had no significant effect on BW, ME intake, or egg weight. Empirical 
estimates of the maintenance ME requirement for CL was 191.6 kcal/
kg0.68 and 176.6 kcal/kg0.68 for HL. The ME requirement for BW gain 
and egg mass were 0.56 kcal/g and 0.74 kcal/g, respectively. Hen-day 
production was 97% for CL and 75% for HL. Average ovum weight 
was 16.5 g for CL and 14.9 g for HL. The volume of yolk deposited for 
the 8 d preceding oviposition was: 0.17, 0.28, 0.43, 0.99, 1.84, 2.47, 
2.82, 2.86, and 2.51 cm3 in CL; and in HL was: 0.17, 0.33, 0.72, 1.40, 
2.15, 2.46, 2.48, 2.32, and 1.93 cm3. Total yolk GE content was 43.1 
and 41.8 kcal in CL and HL, respectively. The HL had a higher rate of 
yolk deposition 7 to 5 d before oviposition and CL had a higher rate of 
yolk deposition 3 to 1 d before oviposition with no significant difference 
between lines on d 4 before oviposition. The HL had an elongated rapid 
growth phase compared with CL.

Key Words: follicular growth, hen, energy requirement

188   Effect of roller mill ground corn inclusion and floor types 
on gastric development, live performance, and litter moisture in 
broilers. Y. Xu*, C. Stark, P. Ferket, and J. Brake, Prestage Depart-
ment of Poultry Science, North Carolina State University, Raleigh.

Dietary coarse ground corn or new litter has been shown to improve 
broiler live performance and enhance gut function. The objectives of 
the present study were to evaluate the effect of coarse ground corn 
(CC) inclusion and different floor types on broiler growth performance, 
gastric development, and litter moisture. The experiment was a factorial 
arrangement of 2 dietary levels of CC (0 and 50%) and 3 floor types (wire 
net (NET), new wood chip litter (NWL), and recycled old litter (RCL)). 
A total of 1008 d-old male broiler chicks were randomly assigned to 
one of 6 treatments with 6 replicate pens per treatment and 32 birds per 
pen. Fine corn (FC) was produced with a hammermill (271 µm) while 
the 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. Feed intake (FI), BW and litter moisture were 
determined weekly, and adjusted feed conversion ratio (AdjFCR) was 
calculated by including BW of all dead birds. No CC × floor type inter-
action effects were observed. The birds fed 50% CC had increased 49 d 
BW (3,932 g vs. 3,732 g, P < 0.01), improved 1–49 d AdjFCR (2.04 vs. 
2.07, P < 0.01), and FI (7,285 g vs. 7,032 g, P < 0.05). The addition of 
CC increased gizzard weight (P < 0.01), and decreased litter moisture 
after 35 d of age (P < 0.01). FI was only increased with NET at 14 d of 
age (P < 0.01), and NWL increased BW at 28 (P < 0.05) and 35 d (P < 
0.01) of age as compared with NET birds, but there was no difference 
between NWL and RCL. The birds reared on litter exhibited better 1–35 
d AdjFCR, but after 35 d the only difference was found between NWL 
and NET. At 49 d of age, the NWL resulted in greater gizzard weight 
than NET and RCL (P < 0.05). Broilers fed diets containing 50% CC 
exhibited improved AdjFCR, increased BW, and lower litter moisture. 
Raising broilers on NWL resulted in a similar effect as dietary CC, 
indicating broilers may need a coarse textural component in the diet to 
facilitate gastric development and function.

Key Words: corn particle size, dietary texture, broiler, pellet, gizzard

189   Effect of pellet diameter on broiler live performance. A. C. 
Fahrenholz*, W. J. Pacheco, C. R. Stark, and J. Brake, North Carolina 
State University, Raleigh.

In the United States, broiler feed pellets have typically been manufac-
tured between 4 and 4.5 mm in diameter. This size has been thought 
to facilitate consumption over the entire broiler BW range while also 
maintaining pellet mill throughput. However, it has been suggested that 
smaller diameter pellets may have a positive impact on bird performance 
as well as finished feed quality. This study evaluated the effects of 
pellet diameter on broiler live performance. A total of 1,152 Ross 708 
female broilers were randomly distributed among 3 treatments with 12 
replicate pens per treatment. A common starter diet was fed as crumbles. 
The 3 treatments were then fed throughout the grower phase. The 3 
treatments applied during the grower phase were 100% pellet fines, 
3.5 mm pellets, and 4.37 mm pellets. All treatments were manufactured 
from a common basal diet and fines were removed from the pelleted 
treatments. Feed intake (FI) and BW were determined at 14 and 35 d 
of age, and adjusted feed conversion ratio (AdjFCR) was calculated by 
including BW of mortality. Birds fed pellets had greater BW at 35 d than 
birds fed the pellet fines (P < 0.01), but there was no difference in BW 
between the pellet treatments. During the period from 15 to 35 d, there 
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was a significant difference in FI (P < 0.01), with FI increasing with 
morsel size (fines: 2.76 kg, 3.5 mm pellets: 2.87 kg, 4.37 mm pellets: 
2.98 kg). There was also a significant difference in AdjFCR (P < 0.01) 
with the 3.5 mm pellets (1.57 kg feed/kg gain) leading to a significantly 
improved AdjFCR as compared with either the fines (1.64 kg/kg) or 4.37 
mm pellets (1.62 kg/kg). The results of this experiment indicated that 
birds performed more efficiently when fed the smaller diameter pellets.

Key Words: pellet diameter, feed form, pellet quality, growth perfor-
mance, feed manufacturing

190   Effects of varying conditioning temperature and fat appli-
cation on a broiler finisher diet. R. E. Loar II*1, K. G. S. Wamsley1, 
A. Evans2, J. S. Moritz2, and A. Corzo1, 1Mississippi State University, 
Mississippi State, 2West Virginia University, Morgantown.

A study was performed to evaluate the effects of different conditioning 
temperatures and alternate fat application methods on a standard broiler 
finisher diet. Data were collected to determine feed mill efficiency, 
amino acid (AA) digestibility and broiler growth and yield. There 
were 3 conditioning temperatures, 74, 85, and 96°C, and 2 methods of 
fat application, pre- and post-pellet, which resulted in a 3 × 2 factorial 
for a total of 6 treatments. Ross x Ross 708 females were used and fed 
identical industry standard rations from 0 – 28 d. The experimental 
period occurred from 28 – 42 d of age. Increased temperature and 
pre-pellet fat application both resulted in decreased energy usage at 
the pellet mill (P < 0.001). Post-pellet fat application also resulted in 
greater bulk density compared with pre-pellet application (P < 0.001). 
A temperature × fat application interaction was seen for both pellet 
durability index and modified pellet durability index (P < 0.001) as 
well as feed conversion (P = 0.07). Feed conversion increased with 
increasing conditioning temperature and post-pellet fat application in the 
85°C treatment. No other responses were observed for the carcass traits 
monitored. All treatments were analyzed for true digestible AA content 
via the use of precision-fed cecectomized roosters. Data from the AA 
digestibility assay points toward conditioning temperature having the 
most pronounced effect, as multiple AA showed significantly decreased 
digestibility with increasing temperature. Fat application method and 
conditioning temperature impact multiple aspects of broiler produc-
tion. Increased steam conditioning temperature can lead to decreased 
feed mill energy usage and increased pellet quality and while increased 
temperatures may lead to nutrient degradation, pre-pellet fat application 
may help to alleviate some of that effect. Pre-pellet fat application can 
also aide in decreased energy usage in the mill, while post pellet fat 
application leads to increased pellet quality.

Key Words: conditioning, fat application, PDI, MPDI, amino acid

191   Quantification of small differences of ME in laying hen 
diets. N. A. Nachtrieb* and M. E. Persia, Iowa State University, Ames.

The increase in the cost of corn and oil has necessitated the use of 
alternative energy sources, including feed additives, to cost effectively 
produce birds and eggs. To properly evaluate feed additives that claim 
to release energy from laying hen diets, the quantification of relatively 
small differences in dietary energy needs to be considered and has been 
a limitation when using a laying hen model. Three concentrations of 
dietary energy were evaluated over a 16 wk period in first cycle Hy-Line 
W-36 laying hens. The highest energy diet contained 2,850 and 2,800 
kcal/kg over 1 to 11 and 12 to 16 wk, respectively, and met or exceeded 
typical industry recommendations for all other nutrients. The remaining 
diets contained the same basal diet with reduction in energy of 30 and 

60 kcal/kg coming from a reduction in dietary oil. Each diet was fed to 
8 replicate groups of 9 hens housed 3 hens per cage in 3 consecutive 
cages (439 cm2/bird) in a randomized complete block design. There 
were no significant differences among dietary groups in performance 
including egg production, feed intake, egg mass, feed conversion ratio 
or mortality over the 16 wk period (P > 0.05). At the end of the 16 wk 
period all hens were weighed and both groups of hens receiving reduced 
energy diets resulted in a small (40 to 50g) but significant reduction in 
body weight in comparison to the higher energy fed birds. One bird 
from each cage (3 per replicate group) was euthanized by CO2 asphyxi-
ation to determine abdominal fat pad weight and one bird per replicate 
group was utilized for fat mass determination using dual-energy x-ray 
absorptiometry (DXA). Fat mass determined via DXA scan was not 
sensitive enough to determine difference (P > 0.05), but abdominal fat 
pad weight was significantly reduced with decreasing dietary energy 
content resulting in 59.3, 49.0 and 47.9g total weight, respectively. It 
appears that both body weight and abdominal fat pad weight are more 
responsive and more sensitive to relatively small differences in dietary 
energy compared with laying hen performance.

Key Words: layer, energy, performance, abdominal fat pad

192   Effect of source and level of fiber of the pullet diets and 
energy content of the laying diets on performance of brown egg-
laying hens from 17 to 48 weeks of age. O. Bouali1, A. Pérez-Bonilla2, 
J. García2, P. Guzmán1, B. Saldaña1, and G. G. Mateos*1, 1Universidad 
Politécnica de Madrid, Madrid, Spain, 2Camar Agroalimentaria S.L., 
Toledo, Spain.

It is a common practice to increase the fiber content of the feed during the 
rearing period to enhance the ability of the pullets to consume more feed 
at the onset of the laying cycle. The inclusion in the diet of certain sources 
of fiber in adequate amounts might help to adapt the gastrointestinal 
tract (GIT) of the bird to the laying diet and improve hen productivity. 
In this experiment, 480 Lohmann Brown hens were fed previously (1 
to 17 wk of age) 6 different diets: 2 of them differed in the main cereal 
used (corn vs. barley) and the remaining 4 diets formed a 2x2 factorial 
with 2 fiber sources (straw and sugar beet pulp) at 2 levels of inclusion 
(2 and 4%). The fiber source was included at expense (wt:wt) of the 
corn diet. From 17 to 48wk of age, hens were fed diets that differed in 
AMEn (2,650 or 2,750 kcal AMEn/kg) but had similar nutrient content 
per unit of AMEn. The experimental design was completely randomized 
with 12 treatments arranged as a 6 × 2 factorial with 6 diets during the 
rearing phase and 2 diets during the laying phase. Rearing feeds did not 
affect any of the production variables studied during the laying phase. 
At 48 wk of age, the composition of the rearing feeds did not affect the 
relative weight (% BW) of the GIT, the length (cm/kg BW) of the hen, 
tarsus, or small intestine, or the pH of the gizzard contents. Hens fed 
the high energy diet during the laying period, ate less feed (P < 0.001) 
but had better FCR (P < 0.01) and higher BW gain (P < 0.05) than 
hens fed the low energy diet. We conclude that neither the main cereal 
nor the fiber content of the diet fed during the rearing phase, affected 
subsequent egg production. Also, the use of high energy diets during 
the laying phase reduced ADFI and improved FCR, but did not affect 
egg production or egg weight.

Key Words: barley, egg production, pullet diet, straw, sugar beet pulp

193   Influence of main cereal and mean particle size of the diet 
on productive performance and egg quality of brown-egg laying 
hens. M. de Vega1, A. Pérez-Bonilla2, B. Saldaña1, H. A. Manda-
lawi1, P. Guzmán1, P. G. Rebollar1, and G. G. Mateos*1, 1Universidad 
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Politécnica de Madrid, Madrid, Spain, 2Camar Agroalimentaria S.L., 
Toledo, Spain.

In total, 500 Lohmann Brown hens were used to study the effects of the 
main cereal and mean particle size (MPS) of the cereal on productive 
performance and egg quality from 17 to 49 wk of age. The experiment 
was completely randomized with 10 treatments organized as a 2 × 5 
factorial with 2 main cereals (barley vs. corn) and 5 MPS that resulted 
from grinding the main cereal of the diet with a hammer-mill provided 
with a 4, 6, 8, 10, or 12 mm screen. Diets were isonutritive for major 
nutrients and included in all cases a carbohydrase and a phytase enzyme. 
Each treatment was replicated 5 times and the experimental unit was an 
enriched cage with 10 birds. Treatment sums of squares for effects of 
MPS of the main cereal on the different variables studied were parti-
tioned into linear (L) and quadratic (Q) effects. No interactions between 
main effects were detected for any of the variables studied and therefore, 

only main effects are presented. Main cereal of the diet affected ADFI 
(P < 0.05), egg weight (P = 0.10), and egg mass (P = 0.06) that were 
higher with barley that with corn feeding. Unexpectedly, the incidence 
of dirty eggs was higher (P < 0.05) with corn that with barley feeding. 
In contrast, egg production, feed conversion ratio per kilogram of eggs 
and per dozen of eggs, and BW gain. Egg quality was not affected by 
the main cereal of the diet. The MPS of the cereal had little effect on 
any of the traits studied except for BW gain that was higher (P = 0.06) 
for hens fed the diet ground to 4 mm than for the average of hens fed 
the other 4 diets. We conclude that type of cereal affect productive 
performance but that particle size had little effect on productivity of 
commercial laying hens.

Key Words: barley, corn, egg quality, hen performance, mean particle 
size
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194   Effect of litter Salmonella status on growth performance 
and bacterial status of small intestine mucosa of broiler chickens 
and litter. D. Petri*1, E. Davis1, M. Hruby2, and J. C. Remus2, 1Animal 
& Environmental Applications, DuPont Nutrition & Health, Wauke-
sha, WI, 2Danisco Animal Nutrition, DuPont Industrial Biosciences, 
St. Louis, MO.

Although Salmonella is a major problem in poultry food safety, it is 
believed to be of minor concern for broiler production in regard to 
animal performance. To determine the effect of Salmonella challenge 
in broiler chickens, 2880 male Cobb 500 birds derived from a commer-
cial hatchery were evenly distributed over 48 floor pens resulting in 60 
birds per pen. Litter was 50% new wood shavings and 50% litter from 
a previous study. Pens were tested for Salmonella status at d 0 and 42 
of trial. One pen tested positive for Salmonella on d 0 but negative on 
d 42 and was therefore excluded from analysis. From the remaining 47 
pens, litter from 11 pens tested positive for Salmonella on d 42. Animal 
performance was compared between birds raised in Salmonella positive 
(Sal+) versus Salmonella negative (Sal−) pens. In addition, gut micro-
biota analysis of selected bacterial groups of small intestine mucosa, 
averaged over 2 randomly selected birds per pen, and bacterial analysis 
within litter, collected from the center of each pen, was determined on 
d 42 of the study. Feed intake and body weight gain were reduced (P 
< 0.05 and P = 0.06, respectively) in birds up to 28 d of age from pens 
that tested Sal+ compared with animals from Sal− pens. However, 
there was no impact of d 42 Salmonella status on animal growth per-
formance between d 28 and 42 (P > 0.10). The reduced performance 
coincided with a trend toward increased (P = 0.06) avian pathogenic 
E. coli (APEC) in small intestine mucosa of birds and high (P = 0.01) 
total gram-negative bacteria counts of litter from pens that tested Sal+ 
compared with Sal- pens. Although there was no difference (P > 0.10) 
in litter total Clostridium and C. perfringens counts, and C. septicum 
was below detection level in all samples, other Clostridium species 
were reduced (P < 0.05) in litter from pens with Sal+ compared with 
pens with Sal- status. These results indicate that broiler chickens from 
Sal+ pens were slowed in their growth up to 28 d, but animal growth 
performance was not affected between d 28 and 42.

Key Words: growth performance, Salmonella, litter microbiota, gram-
negative bacteria, broiler chicken

195   Comparison of potential Salmonella portals of entry and 
tissue distribution following challenge of poultry. G. K. Kallapura*, 
M. J. Morgan, N. R. Pumford, B. M. Hargis, and G. Tellez, University 
of Arkansas, Fayetteville.

In a set of 3 experiments, containing 6 groups (n = 12 birds/group) of 7 
d-old broiler chicks, birds were challenged with: S. enteritidis (SE) in 
experiment 1 (3 trials); S. typhimurium (ST) in experiment 2 (1 trial); 
or S. senftenberg (SS) in experiment 3 (2 trials). Broilers were chal-
lenged orally (OR) or intratracheally (IT), at 104, 106 or 108 cfu / bird 
and compared for tissue distribution and recovery in ceca+cecal tonsils 
and liver-spleen. At 24 h post challenge, all chickens were cultured for 
cfu recovery and enrichment data. Ceca+cecal tonsils were aseptically 
removed, weighed and 5× w/v dilution were made, and 10-fold serial 
dilutions of these samples were plated on to selective culture media for 
determining Salmonella cfu recovery. Later, an equal volume of double 
strength tetrathionate broth was added and incubated overnight at 37°C. 
Liver-spleen were aseptically removed and cultured in single strength 

tetrathionate enrichment broth and incubated overnight at 37°C. All 
the enriched samples were streaked on to selective media for obtaining 
+/− data. Log10 cfu values of Salmonella / gram of ceca were expressed 
as mean ± standard error of mean and deemed significant if P ≤ 0.05, 
determined by ANOVA. The enrichment data were expressed as positive/
total chickens (%) and significance (P ≤ 0.05) were determined using 
chi-squared test of independence. Ceca cfu values of S. enteritidis in 
experiment 1, trial 1 were: 1.125 ± 0.401 for 104; 3.195 ± 0.166 for 106 
and, 5.114 ± 0.472 for 108 for IT challenged chickens as compared with 
1.799 ± 0.384, 1.858 ± 0.400 and 5.989 ± 0.512, respectively, for OR 
challenged chickens. Percentage recovery in liver-spleen for IT chal-
lenged chickens were significantly higher with 50, 83.3, and 91.7% as 
compared with OR challenged groups with 0, 16.7, and 9.1% recovery, 
for each challenge dose respectively. A similar trend was observed for 
rest of SE trials and with ST and SS experiments. The obtained data 
indicates respiratory route as a viable portal of entry for Salmonella, 
suggesting future trials for better insight into airborne transmission of 
Salmonella in poultry.

Key Words: Salmonella, respiratory route, portal of entry

196   Inoculation of commercial poults with gut contents from 
poults experiencing light turkey syndrome. A. J. Calvert*1, A. F. 
Ziegler2, and S. L. Noll2, 1Virginia Polytechnic Institute and State Uni-
versity, Blacksburg, 2University of Minnesota, Saint Paul.

Light Turkey Syndrome (LTS) is indicated by decreased market BW 
of tom turkeys that begins during brooding. The objective was to see 
if similar characteristics could be induced in poults by gavaging with 
ileal contents from 2 to 3 wk old poults experiencing LTS. Performance 
and histopathology scores were hypothesized to differ between poults 
inoculated with contents from heavy (H) and light (L) poults. In a 
previous study H and L poults were chosen based on a BW of 10–15% 
above or below the flock average. Nicholas male poults were raised in 
battery brooder cages and orally gavaged at 7 d of age (doa) with gut 
contents from 4 commercial (C) and 2 research (R) flocks from H and 
L poults. The 13 groups included a control which was gavaged with 
sterile PBS. At 14 doa intestine, bursa and spleen were collected from 4 
to 8 poults per group. Tissues were fixed in 10% NBF and stained with 
H&E. Performance and histopathology differences were determined in 
SAS 9.2 with Glimmix and Logistic. Average BW for controls at 13 
doa was 214 g which was higher than R and C groups (P < 0.0001). 
Control’s 7 to 13 d ADG was 14 g which was higher than R and C groups 
(P < 0.001). No differences were seen in ADFI but feed conversion was 
better in controls than the C and one R group (P < 0.0001). Tissues 
were scored from 0 to 3 for distribution and density of infiltrates. In 
the jejunum controls had higher heterophilic density of 1.0 and distri-
bution of 2.8 than the H and L groups (P < 0.067, P < 0.084). In the 
duodenum, lymphocytic density and distribution was highest in the L 
group at 0.4 and 0.8, respectively (P < 0.047, P < 0.008). Distribution 
of lymphocytic necrosis in the bursa was highest in the L group at 1.63 
(P < 0.004). Increased lymphocytes in the duodenum and necrosis in 
the bursa suggests that the L group’s immune system is involved in a 
chronic challenge. The decreased BW of the inoculated poults but similar 
ADFI and chronic immune challenge in the L group suggests that the 
immune system in poults inoculated with LTS contents are diverting 
nutrients to the immune system instead of growth.

Key Words: turkey, tissue infiltrate, growth depression, LTS
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197   Post hatch performance and oocyst shedding pattern in 
broiler embryos vaccinated with in ovo coccidiosis vaccine. A. O. 
Sokale*1, E. D. Peebles1, W. Zhai1, L. M. Pote1, and C. J. Williams2, 
1Mississippi State University, Mississippi State, 2Zoetis, Research Tri-
angle Park, NC.

The response of broiler embryos to EM-1 vaccine (containing live 
oocysts of E. acervulina, E. maxima, and E. tenella) injected on 
embryonic day (ED) 18.5 and 19 was determined through d 35 post-
hatch (poh). Commercial EM-1vaccine was injected in ovo using 
an automated multiple-egg injector. Fertile Ross x Ross 708 broiler 
hatching eggs from a 48-wk-old breeder flock were subjected to one of 
the following 6 treatments: (1) ED 18.5 non-injected control, (2) ED 
18.5 diluent-injected control, (3) ED 18.5 vaccine-injected group, (4) 
ED 19 non-injected control, (5) ED 19 diluent-injected control, (6) ED 
19 vaccine-injected group. The hatch of fertile (HF), hatchling BW, d 
0–35 BW gain (BWG), and lesion score data through d 35 poh were 
analyzed by the MIXED procedure of SAS 9.2, with global and LS 
means comparisons considered significant at P ≤ 0.05. There was no 
treatment difference for HF on ED 21.5. The HF was highest in treat-
ment 5 at 88.93% and lowest in treatment 3 at 83.71%. Hatchling BW 
and d 0–35 BWG were not different among treatments groups. The 
mean embryo stage score (ES) for ED 18.5 embryos was 2.10 with dye 
deposition in the amnion in 89.5% of injected embryos, whereas the 
mean ES for ED 19 embryos was 2.64, with the amnion being the site of 
injection (SOI) in 84.5% of the embryos. The peak of oocyst shedding 
occurred on d 7 poh and the cycling peak occurred on d 21 poh. The 
peak microscopic and gross lesion scores for E. maxima, and E. acervu-
lina, respectively, were observed on d 21 and d 28 poh. In conclusion, 
embryos received exposure to vaccine in ovo, with subsequent oocyst 
shedding and coccidiosis cycling. The evaluation of SOI of Jamesway 
incubated embryos suggests that the injection of the coccidiosis vaccine 
on ED 18.5 produced a more accurate deposition into the amnion when 
compared with an ED 19 injection. Furthermore, the EM-1vaccine had 
no detrimental effects on HF and d 0–35poh performance

Key Words: broiler, in ovo injection, lesion score, oocyst, performance

198   Evaluation of broiler performance with coccidiosis vacci-
nation or drug programs with and without the use of antibiotic 
and/or direct fed microbial. G. F. Mathis*1, B. S. Lumpkins1, M. 
Quiroz2, and A. Montoya2, 1Southern Poultry Research Inc., Athens, 
GA, 2Novus International Inc., St. Charles, MO.

A 35 d growth performance study was conducted to determine the effect 
of using antibiotics (AGP) and/or a direct-fed microbial (Sporulin), 
with either a coccidial vaccination or drug program. All birds were fed 
a commercial grade 3 phase diet program. Fifty Cobb 500 male chicks 
were allocated to 8 replicates per treatment. The birds on the drug pro-
gram were fed: nicarbazin (90 g/t) and AGP (0.5lb/ton) with or without 
Sporulin (0.5lb/ton) in the starter period, and narasin (60 g/t) and AGP 
(1 lb/ton) with and without Sporulin in the grower and withdrawal. 
The vaccination program birds were sprayed at hatch with Advent. The 
vaccinated birds were fed the following treatment: an AGP (1 or 0.5 lb/
ton) with Sporulin during the starter period and then either AGP (1 lb/
ton) with Sporulin or Robenz (30 g/t) with Sporulin during the grower 
and withdrawal periods. There was an additional treatment for the vac-
cinated birds that was solely Sporulin for all feeding periods. On 15, 28 
and 35 d of age, chicks and feed were weighed to calculate BWG and 
FCR. At d 15 the birds on the Sporulin treatments, regardless of drug 
or vaccination program, had improved BWG compared with the birds 
only on the drug/AGP program (P < 0.05). The Sporulin combination 
treatments had similar FCR (P > 0.05) to the birds on just the drug/AGP 

program. During the grower period the birds on the Robenz/Sporulin 
had the most improved BWG, which was similar to the AGP/Sporulin 
on either drug or vaccination program. The FCR was most improved in 
the birds on the Robenz/Sporulin and the AGP/Sporulin regardless of 
coccidiosis program. The birds on just the drug/AGP program and the 
vaccinated/Sporulin had the least improved FCR (P < 0.05) compared 
with the other treatments during the grower and withdrawal periods. 
Therefore, the birds on a vaccination program fed a diet with Sporulin 
have similar growth performance to the birds on a drug/AGP program. 
Furthermore, birds fed a Sporulin/AGP combination diet with either a 
coccidiosis vaccination or drug program allowed for maximal growth 
performance.

Key Words: antibiotic, vaccination, drug program, direct-fed microbial, 
coccidial

199   Establishment of an optimal experimental design to induce 
enteritis in broilers. D. Mesa*, P. Westphal, M. Lourenço, J. Giuriatti, 
and E. Santin, Federal University of Paraná, Curitiba, Brazil.

Several negative conditions affect broilers intestinal health and reduce 
their performance. Feed additives, called growth promoters, are used 
in broilers production to control enteritis problems, being very difficult 
to evaluate these products in experimental conditions. The aim of this 
study was to evaluate the best experimental model to induce enteritis 
in broilers. 192 one-day-old male broilers (Cobb 500) were divided in a 
factorial design of 2 (with good or poor quality of oil in diet) × 4 (with 
or without coccidiosis vaccine at d 1 or 20, with or without Gumboro 
disease vaccine at 16 d). Each with 24 chickens, each bird being one 
repetition. The birds were housed on litter, with water and feed ad libitum 
and were weighed weekly. At d 14, 21, 28 and 35, blood samples were 
taken from 6 birds per treatment that were euthanized and evaluated 
for gut gross lesions. Samples of duodenum, jejunum and ileum were 
taken for histopathological evaluation. A lesion score of lymphocytic 
infiltration, enterocytes morphology, interstitial edema, and lymph vessel 
dilation was used. The lesion score was calculated by multiplying degree 
of severity by extension of each lesion (scored from 0 to 3). Blood 
samples were analyzed using flow cytometry for B cells, CD4+ helper 
cells, CD4+ mucosa cells, activated CD8+ cells and macrophages. Data 
were evaluated with program Statistix 9, analyzed by normality test of 
Shapiro-Wilk. Parametric data were analyzed by ANOVA and Tukey’s 
test (P < 0.05). Nonparametric data were subjected to Kruskal-Wallis 
test at 5% probability. It was observed that from d 21, birds fed with 
poor quality oil in the diet showed lower body weight and more severe 
macroscopic and histopathologic lesions on all intestinal segments. 
These lesions were more severe in birds vaccinated against coccidiosis 
and Gumboro. Flow cytometry analysis, blood cells showed inflamma-
tion processes increased in birds fed with poor quality of oil in the diet. 
The results suggested that feed with poor quality of oil, associated with 
coccidiosis vaccine at first day and Gumboro virus vaccine at 16 d is 
the best protocol to promote enteritis and evaluate additives in broilers.

Key Words: growth promoter, gut lesion, weight gain, CD4+, CD8+

200   Reduction in necrotic enteritis in broiler chickens fed exog-
enous enzymes and or a direct fed microbial. G. F. Mathis*1, C. 
Hofacre2, L. F. Romero3, and B. S. Lumpkins1, 1Southern Poultry 
Research, Inc., Athens, GA, 2University of Georgia, Athens, 3Danisco 
Animal Nutrition-DuPont Industrial Biosciences, United Kingdom.

This study assessed the feeding of a direct fed microbial and / or differ-
ent feed enzymes on performance, necrotic enteritis (NE) lesion scores, 
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and mortality of broilers subjected to a Clostridium perfringens (CP) 
challenge. Fifty Cobb × Cobb 500 male coccidia vaccinated chicks were 
initially placed in pens with a stocking density of 0.93 sq. ft. / bird. Bird 
weights and feed consumption were measured on d 12, 23, 35, and 42. 
A commercial grade diet with a 3 phase program was formulated and 
used as the basal, which was incorporated into the following treatments: 
no enzyme, Amylase from Bacillus licheniformis (A), Protease from 
Bacillus subtilis (P), and a combination of xylanase from Trichoderma 
reesei, A, and P (XAP; Danisco Animal Nutrition). The treatments 
were repeated with the addition of a combination of spores from 3 
defined strains of Bacillus subtilis (DFM) and all treatments were CP 
challenged except for one treatment with no enzymes or DFM. The 
DFM was applied at 7.5 × 104 cfu/g feed. On d 20, 21, and 22 all CP 
challenged birds were dosed with a C. perfringens at 1.0 × 108–9. On 
d 23, 3 pre-selected birds were examined for the degree of NE lesions. 
A moderate NE infection developed with 11% NE mortality in the no 
enzyme, no DFM, CP challenged group. All DFM treatments reduced 
the clinical effects of the C. perfringens with significantly (P < 0.05) 
lowering NE mortality and improving performance on d 23, 35, and 42 
compared with all non-DFM, CP challenged treatment fed birds. The 
XAP without DFM fed birds had significantly reduced % NE mortality 
compared with the no enzyme, no DFM, CP challenged treatment. On d 
42, the FCR and BWG of birds fed the XAP diets with and without DFM 
were better than the CP challenged birds fed no enzymes. Furthermore, 
the birds fed protease non-DFM diets also had better performance than 
CP infected birds with no enzyme. The combination of XAP and DFM 
in a CP challenge had the best performance, which was comparable to 
that of non-challenged birds. The reduction in NE with DFMs was aided 
by the feed enzymes singularly or more effectively with a combination 
of enzymes.

Key Words: DFM, amylase, protease, necrotic enteritis, Clostridium

201   Field evaluation of an experimental vaccination program 
for prevention of turkey cellulitis (gangrenous dermatitis). M. J. 
Morgan, N. R. Pumford, G. Tellez, A. D. Wolfenden, R. E. Wolfenden, 
and B. M. Hargis*, University of Arkansas, Fayetteville.

We have previously provided evidence that clinical disease and mor-
tality could be caused by subcutaneous or intravenous inoculation of 
Clostridium septicum (CS), previously isolated from field cases of 
cellulitis (gangrenous dermatitis) into naïve turkeys at 9–11 weeks of 
age. While other clostridial species are occasionally isolated from field 
mortality associated with this disease, we were unable to reproduce this 
clinical disease by similar inoculations of Clostridium perfringens or 
Clostridium sordellii. Preliminary studies, using small numbers of naïve 
turkeys, suggested that significant titers against CS were induced when 
plateau phase CS cultures were inactivated with formaldehyde (0.3%) 
and that those with the highest titers were refractory to induction of 
clinical disease by intravenous CS inoculation. Presently, we report a 
field evaluation of commercial turkeys assigned to either non-vaccinated 
controls (H-F-; 5 flocks, 30k birds); vaccinated only at hatch (H+F-; 9 
flocks, 55,699 birds), vaccinated only in the field at ~7 weeks-of-age 
(H-F+; 7 flocks, 43,500 birds) or vaccinated both at hatch and in the 
field (H+F+; 38 flocks, 239,500 birds). Treatments were assigned by 
the corporate veterinarian and involved farms with repeated cellulitis 
outbreaks. Cellulitis associated mortality was significantly and markedly 
reduced in all vaccinated groups, with greatest reductions observed in 
the H+F- (17-fold), and the H+F+ (5.7-fold) groups as compared with 
control. Penicillin usage, principally attributed to observation of clinical 
cellulitis, was the lowest in the H+F+ group, 13-fold less than H-F-, but 
was markedly reduced in all vaccinated groups as compared with con-

trols. As cellulitis-associated mortality peaked near the end of growout, 
the economic implications of this control approach may be especially 
relevant. These results suggest that application of a combined adjuvated 
bacterin-toxoid either at hatch, with or without boost, may be a useful 
tool for reducing the impact of this persistent problem.

Key Words: cellulitis, gangrenous dermatitis, Clostridium septicum, 
turkey, bacterin

202   Isolation and characterization of infectious laryngotrache-
itis virus along with sanitation and vaccination helped prevent a 
recurrence of the disease outbreak. T. V. Dormitorio*, J. J. Giam-
brone, and K. S. Macklin, Auburn University, Auburn, AL.

A broiler farm in North Alabama suffered a mild infectious laryngotra-
cheitis (ILT) outbreak as determined by clinical disease and polymerase 
chain reaction (PCR) test. Outbreaks of ILT in broilers in this area have 
been associated with the chicken embryo origin (CEO) vaccine-like virus 
using molecular testing. However, this farm was never vaccinated for 
ILT. After removal of this flock, samples were collected from various 
areas inside and outside of the infected and uninfected poultry houses, 
which also included litter, beetles and uncollected chickens. Samples 
were then analyzed for the detection, isolation, and characterization of 
ILT virus (V); to identify possible sources of infection and/or implement 
ways to control future ILT outbreaks. Ninety percent of samples tested 
positive for ILTV by real-time PCR, half of which were considered live 
virus as indicated by growth on embryonated eggs. PCR product enzyme 
(MspI) digestion of the ILTV-ICP4 gene from the field isolates showed 
the same molecular pattern as that of commercial CEO vaccine virus. 
Cleaning, heating, sanitation, windrow composting of the litter, and 
replacing the curtains were performed before placement of the subse-
quent flock. In addition, in ovo vaccination of the subsequent flock with 
a recombinant ILT vaccine was initiated. Sampling just before new bird 
placement showed a significant reduction in the amount of ILTV DNA. 
The combination of improved sanitation, hygiene, and vaccination may 
have prevented recurrence of clinical ILT on this farm.

Key Words: infectious laryngotracheitis, detection, disinfection, vac-
cination, prevention

203   Toxicity studies of Jatropha curcas kernel meal in broilers. 
D. G. Wang, X. M. Ding, S. P. Bai, Q. F. Zen, P. Zheng, Y. H. Luo, C. 
M. Wu, and K. Y. Zhang*, Sichuan Agricultural University, Institute of 
Animal Nutrition, Sichuan, China.

Jatropha curcas is a multipurpose tree of significant economic impor-
tance because of its several potential industrial and medicinal uses. 
Jatropha curcas kernel meal (JKM) obtained after oil extraction is 
a potential source of protein but with toxins to animals. Two experi-
ments were conducted to evaluate the toxic effects of dry press JKM 
on growth performance and organs in broilers. Exp.1: A total of 875 
one-day-old male Arbor Acres chickens were randomly allocated into 
1 of 5 treatments (0, 3, 6, 9, and 12% JKM) by a completely random-
ized experimental design for 21 d. There were 7 replicates of 25 chicks. 
The dietary JKM significantly decreased the average body gain (ABG) 
and feed intake (AFI) (P < 0.05). On d 22, the concentrations of serum 
calcium, potassium, and uric acid (UA) were linearly increased when 
broilers were fed diets containing JKM at 3–12% (P < 0.05), while con-
centrations of serum phosphorus, chlorine, total protein (TP), glucose, 
cholesterol (CHOL), triglyceride (TG), and total bilirubin (TBIL) and the 
activities of aspartate aminotransferase (AST) were decreased linearly 
or quadratically (P < 0.05). The apoptosis rate (AR) of livers, kidneys, 
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and lungs of birds fed diets containing JKM were all significantly higher 
than the control group. Histopathological studies on 21-d-old broilers 
showed that dietary JKM caused lesions of livers, kidneys, and lungs 
with exhibition of widely diffuse hemorrhages. Exp.2: A total of one 
hundred ninety-two 22-d-old Arbor Acres male chicks were divided 

randomly into 3 groups (0, 3, and 6% JKM) with 8 replicates of 8 chicks 
for 21 d. The results showed the seminar impairment by JKM on growth 
performance and organ health as that in Exp. 1. In conclusion, even with 
a level of 3%, JKM was toxic to starter or grower broilers.

Key Words: Jatropha curcas kernel meal (JKM), toxicity, broiler
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Metabolism and Nutrition: Amino Acids

204   Additivity of amino acid digestibility in corn and soybean 
meal for broiler chickens and White Pekin ducks. C. Kong* and O. 
Adeola, Purdue University, West Lafayette, IN.

A total of 256 broiler chickens and 208 White Pekin ducks were used 
in a 5-d trial to test additivity of the apparent and standardized ileal 
digestibility (AID, SID) of AA in corn and SBM. A nitrogen free 
diet was used for standardization of apparent digestibility. Two diets 
contained corn or SBM as the sole source of CP and AA. Another diet 
was prepared by mixing corn and SBM. Chromic oxide was included 
as an indigestible marker. The calculated CP levels were 0, 79, 200 or 
200 g/kg for NFD, corn-, SBM-based diet, or mixed diet, respectively. 
Birds received a standard starter diet from d 1 to 21 and thereafter the 
4 experimental diets for 5 d in a randomized complete block design. 
On d 26, birds were asphyxiated with CO2, digesta from the distal sec-
tion of ileum was collected. To test additivity of digestibility values, 
the difference between measured values in mixed diet and predicted 
values calculated with measured values in individual ingredients was 
examined. The estimated basal endogenous losses of N and AA were 
higher in ducks compared with broilers (P < 0.05). The estimated basal 
endogenous losses of indispensable AA for broilers ranged from 87 (Trp) 
to 582 (Thr) mg/kg DMI. Corresponding range for ducks were from 278 
(Trp) to 2350 (Leu) mg/kg DMI. Regardless of species, the calculated 
proportion of basal endogenous losses of CP and AA in calculating SID 
was higher (P < 0.01) in corn than that in SBM. The measured AID of 
His, Leu, Lys, Met, Phe, Glu, Pro, and Tyr in mixed diets for broilers 
were higher than predicted values (P < 0.05) whereas measured and 
predicted SID did not differ except for Cys. For ducks, the differences 
between the measured and predicted AID were significant (P < 0.05) 
for CP and all AA except for 8 AA (Arg, Ile, Thr, Val, Asp, Gly, Pro, and 
Tyr). Similar to the result from broiler study, there was no difference 
between the predicted and measured SID of CP and all AA except for 
Cys. The results showed that AID of some AA for corn and SBM were 
not additive in the mixed diet but SID values were additive irrespective 
of the ingredients and species used.

Key Words: amino acid, additivity, broiler chicken, duck, ileal amino 
acid digestibility

205   Comparison of amino acid recommendations on broiler 
performance. M. K. Nonis*1, S. Srinongkote2, R. Maillard1, and 
Y. Mercier1, 1Adisseo France SAS, Commentry, France, 2Bangkok 
Animal Research Center Co. Ltd., Bangkok, Thailand.

Various amino acid recommendations exist for formulating broiler 
diets. The innovative approach, proposed by Geraert et al. (2002) who 
developed factorial models predicting amino acid requirements (in g/d) 
according to weight gain (in g/d) for growing animals, was used to update 
the amino acid recommendations for broilers optimized on weight gain, 
FCR or breast meat yield of the Rhodimet Nutrition Guide (RNG). The 
aim of this study was to compare the performance of broilers and the 
economical return when diets were formulated to meet the digestible 
amino acid recommendations either from Ross 308 breeder (2012) or 
from the new RNG (2013) optimized on FCR. A total of 256 male Ross 
308 birds were allocated in a randomized complete block design to 2 
treatments with 8 replicates of 16 birds each. The experimental diets 
were formulated using corn and soybean meal to contain 22.0% CP, 3025 
kcal ME/kg, 1.27% or 1.15% digestible Lys, 0.94% or 0.96% digestible 
TSAA and 0.83% or 0.75% digestible Thr for the pre-starter phase (0 to 

12 d of age), 20.0% CP, 3150 kcal ME/kg, 1.10% or 1.16% digestible 
Lys, 0.84% or 0.90% digestible TSAA and 0.73% or 0.72% digestible 
Thr for the starter phase (12 to 22 d of age), 18.0% CP, 3200 kcal ME/
kg, 0.97% or 0.98% digestible Lys, 0.76% or 0.75% digestible TSAA 
and 0.65% or 0.61% digestible Thr for the grower phase (22 to 35 d 
of age) and 17.0% CP, 3200 kcal ME/kg, 0.97% or 0.83% digestible 
Lys, 0.76% or 0.63% digestible TSAA and 0.65% or 0.58% digestible 
Thr for the finisher phase (35 to 42 d of age). Experimental data were 
analyzed by ANOVA and Tukey test was applied when necessary. Final 
body weight, body weight gain, feed intake and FCR were not affected 
by treatments over the entire 42 d period. Feed cost per gain was not 
significantly affected by treatments; however, formulating broiler diets 
based on the amino acid recommendations of the RNG (2013) allowed 
a decrease in feed cost per gain of 1.9% over the entire 42 d period. 
Formulating diets based on the amino acid recommendations of the 
RNG (2013) can be of an economic interest.

Key Words: amino acid, broiler, requirement, growth, economy

206   Effects of dl-met and 2-hydroxy-4-(methylthio) butanoic 
acid on muscle protein synthesis and flesh texture in broiler chick-
ens. R. Y. Zhao*, Y. Zhao, W. Yu, X. Tang, Y. H. Shi, and G. L. Le, 
Jiangnan University, Wuxi, Jiangsu, China.

The objective of this experiment was to determine the effects of DL-met 
(DLM) and 2-hydroxy-4-(methylthio) butanoic acid (HMTBA) on 
muscle protein synthesis and flesh texture in broiler chickens. One 
hundred and 5 male Ross broiler chickens (1 d, 49 g) were randomly 
divided into 7 groups (15 birds per group), with 3 replicate pens per 
treatment and 5 birds per pen. All broilers were offered the same basal 
diet with added DLM and HMTBA at levels of 0 (control group), 0.1% 
and 0.3% (starter phase, 0–21 d), 0.08% and 0.24% (finishing phases, 
21–46 d). All broiler chickens had free access to feed and drinking 
water throughout the 46-d test. Results: As compared with the control 
and DLM groups, leg weight and leg muscle rate were significantly 
higher in 0.08% HMTBA group and 0.24% HMTBA group (P < 0.05) 
and 0.24% HMTBA also significantly improved the body weight gain 
(P < 0.05). Additionally, a significant increase of RNA content, protein 
content, and the ribosomal capacity (CS), which is the ratio of total RNA 
to protein concentration were found in 0.08% DLM, 0.08% HMTBA, 
and 0.24% HMTBA groups (P < 0.05). Moreover, broiler chickens fed 
with 0.08% HMTBA and 0.24% HMTBA had a significantly lower 
glucose and higher glycogen content and significantly increased the 
activity of ATPase in muscles (P < 0.05), a significant decrease in 
water loss, hardness and chewiness of flesh were only indicated for 
0.24% HMTBA group (P < 0.05). Conclusion:As compared with the 
DLM and control groups, 0.08% HMTBA and 0.24% HMTBA can 
better enhance muscle protein synthesis, improve growth performance 
and carcass composition, and 0.24% HMTBA can better improve flesh 
quality in broiler chickens.

Key Words: 2-hydroxy-4-(methylthio) butanoic acid, muscle, protein 
synthesis, flesh texture properties, broiler chicken

207   Effects of dietary amino acid density and metabolizable 
energy level on the performance and meat yield of summer-reared 
Cobb × Cobb 700 broilers. W. Zhai*, E. D. Peebles, C. D. Zumwalt, 
L. Mejia, and A. Corzo, Mississippi State University, Mississippi State.
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The effects of dietary amino acid (AA) density and metabolizable 
energy (AME) responses on summer-reared Cobb × Cobb 700 broil-
ers (CCB-700) were evaluated. The CCB-700 chicks were fed diets 
with low or high AA density in combination with a low or high AME 
through a starter (0 to 14 d, in crumbles), grower (14 to 28 d, in pel-
lets), finisher (28 to 35 d, in pellets), and withdrawal (35 to 54 d, in 
pellets) phase program. The CCB-500 birds were fed a low AA density 
diet that had either a low or high AME level, and served as a reference. 
Feed ingredients were analyzed for AA concentration to formulate the 
experimental diets. A randomized complete block design (6 treatments 
× 14 replicate pens × 14 chicks/replicate) was used in the current study. 
Live performance, carcass traits, meat yield, and feed cost efficiency 
were evaluated. Mortality was not affected by treatment, however, as 
compared with birds fed other diets, feeding CCB-700 a low AME and 
high AA density diet decreased feed intake and BW on d 35, 42, and 54 
(P < 0.0001), and decreased carcass (P = 0.02), breast (P = 0.01), wing 
(P = 0.02), front half (P = 0.01), and back half (P = 0.04) weights on d 
55. The higher AME increased feed intake and BW on d 42 (P = 0.009, 
P = 0.0002) and 54 (P < 0.0001, P = 0.0001), and improved FCR on d 
42 (P = 0.0006), and the higher AA decreased feed intake and BW on 
d 42 (P = 0.0008, P = 0.0009) and 54 (P < 0.0001, P = 0.0005). At 55 
d of age, carcass weight and wing yield were observed to be higher in 
CCB-700 than CCB-500 when high AME and low AA diets were fed (P 
< 0.0001). In addition, carcass (P = 0.04), breast (P = 0.004), and front 
half yields (P = 0.02) were higher in CCB-700 than in CCB-500 when 
low AME and low AA diets were fed. In conclusion, without affecting 
feed costs, broiler performance and carcass yield was affected by diet 
in both strains. More specifically, a higher AME diet increased the yield 
of all cut-up parts, whereas a higher AA density decreased the yield of 
most parts in summer-reared CCB-700 chicks.

Key Words: amino acid, broiler, metabolizable energy, growth perfor-
mance, meat yield

208   Effects of supplemental dietary amino acids on broiler per-
formance and immune responsiveness during an acute Eimeria 
acervulina challenge. S. J. Rochell*, E. L. Wils-Plotz, M. R. Panasev-
ich, L. A. Merriman, and R. N. Dilger, University of Illinois, Urbana.

The effects of amino acid (AA) supplementation on growth performance 
and immunity of broilers during an acute coccidiosis challenge were 
evaluated. Ross 308 male broiler chicks (420 total) were housed in 
battery cages (10 chicks/cage) from d 1 to 28 post-hatch. Chicks were 
provided 1 of 3 dietary treatments that included: 1) a corn-soybean meal 
basal diet fed from 1 to 28 d post-hatch (CON), 2) the basal diet plus 
Ser, Tyr, Trp, and Phe supplemented to 150% of NRC (1994) recom-
mendations from 1 to 28 d post-hatch (AA1–28), or 3) the CON basal 
diet fed d 2 to 6 d post-hatch and the AA-supplemented diet from 7 to 28 
d post-hatch (AA7–28). At 7 d post-hatch, chicks were inoculated with 
0.5 mL sterile water (sham control) or 1 × 106 sporulated E. acervulina 
oocysts. There were 7 replicate cages for each of the 6 experimental 
treatments (3 dietary treatments × 2 infection treatments). Chick weights 
and feed intake were recorded weekly and at d 10 post-hatch. Blood was 
collected from 2 birds per pen at 10, 14, and 28 d post-hatch to evaluate 
immune cell profiles and plasma α-1-acid glycoprotein (AGP) concen-
trations. Eimeria acervulina inoculation decreased (P < 0.01) growth 
performance of birds from 7 to 21 d post-hatch. By 21 d post-hatch, 
average daily gain of infected birds fed AA1–28 or AA7–28 was similar 
(P > 0.05) to uninfected birds. In infected birds, feeding AA1–28 and 
AA7–28 increased (P < 0.01) final body weights 23 and 17%, respec-
tively, over birds fed CON. At 14 d post-hatch, both infection and AA 
supplementation increased (P < 0.05) the percentage of CD4+ cells, 

and the macrophage/monocyte ratio was increased (P < 0.05) in birds 
fed AA7–28 regardless of infection status. Plasma AGP concentrations 
varied inconsistently among treatments and time periods. These results 
indicate that dietary concentrations of Ser, Tyr, Trp, and Phe fed above 
requirements for growth may enhance the capacity for compensatory 
gain in broilers recovering from an acute coccidiosis challenge.

Key Words: coccidiosis, amino acid, immunity, growth, broiler

209   Digestible total sulfur amino acid to lysine ratio of male 
broilers from forty-two to fifty-six days of age. W. A. Dozier III*1 
and Y. Mercier2, 1Auburn University, Auburn, AL, 2Adisseo France 
S.A.S., Commentry, France.

Published research on the TSAA to Lys ratio for modern broilers mar-
keted at BW exceeding 3.0 kg is limited. An experiment was conducted 
to determine digestible (dig) TSAA to Lys ratio of male Ross × Ross 708 
broilers from 42 to 56 d. A total of 3,150 male broilers was randomly 
distributed into 126 floor pens at 1 d of age and were fed a common 
starter diet until 41 d of age. At 42 d of age, all pens were equalized 
with 24 birds (0.09 m2/bird) and fed 9 experimental diets consisting of 8 
concentrations of dig TSAA to Lys ranging from 60 to 88 in increments 
of 4%. Two diets (dilution and summit) consisting of corn, soybean 
meal, and poultry by-product meal were formulated to be adequate in 
all other amino acids with the exception of TSAA and Lys. The dilution 
and summit diets were blended to create 6 intermediate diets, for a total 
of 8 titration diets resulting in dig TSAA ranging from 0.51 to 0.74% 
(calculated). A control diet containing adequate dig TSAA (0.67%) was 
used for comparison with the titration diets. All dose-response diets were 
formulated to contain 0.84% dig Lys, which is slightly below the dig Lys 
requirement for male broilers from 42 to 56 d of age. Each treatment 
was represented by 14 replicate pens. Standarized TSAA digestibility, 
BW gain, feed intake, dig TSAA intake, dig TSAA intake/BW gain, 
feed conversion, mortality, and carcass characteristics were assessed 
during experimentation. A standardized TSAA digestibility assay was 
conducted with broiler chicks to determine amino acid digestibility of 
the basal diet. Standardized TSAA digestibility of the basal diet was 
determined to be 0.53%. Progressive additions of dig TSAA to Lys 
resulted in a significant linear effect for 42 to 56 d breast meat weight 
(P = 0.057) and yield (P = 0.035), but no treatment differences were 
observed for growth performance. Digestible TSAA to Lys ratios were 
estimated at 74 and 77 for total breast meat weight and yield. These data 
indicated that dig TSAA requirements for modern broilers are higher 
for total breast meat yield than growth performance.

Key Words: amino acid, broiler, TSAA

210   The effect of protein source, level and glutamine supple-
mentation of pre-starter diet on performance, intestinal morpho-
metric variables, amino acid composition of breast and thigh and 
amino acids digestibility of newly hatched chickens. M. Zaghari*1, 
N. Famil Namroud1, M. Shivazad1, K. Nourijelyani3, O. Madad-
gar2, and M. Ghafari1, 1University of Tehran, Department of Animal 
Science, Karaj, Tehran, Iran, 2University of Tehran, Department of 
Pathobiology, Faculty of Veterinary Medicine, Tehran, Tehran, Iran, 
3Tehran University of Medical Sciences, Department of Epidemiology 
and Biostatistics, Tehran, Tehran, Iran.

Two experiments were conducted to examine the effects of dietary 
protein source and Glutamine supplementation of reduced crude protein 
diets on newly hatched broiler performance with a special emphasis on 
digestibility and intestinal morphology. In the first experiment, 225 one-



Poult. Sci. 92(E-Suppl. 1)74

day-old male chickens were fed diets with 3 sources of relatively high 
digestible protein including Casein, isolated soy protein and dehulled 
soybean meal from 0 to 14 d of age. In the second experiment, 6 groups 
of 10 birds were fed diets containing 240, 220 and 200 g/kg crude 
protein with 0, 7.5 and 15 g/kg Glutamine in a 3 × 3 factorial arrange-
ment of treatments. Apparent and true ileal digestibility and apparent 
fecal digestibility of protein and amino acids for the 3 ingredients were 
determined at 3, 7, 10 and 14 d of age. In this experiment, protein source 
did not affect amino acid content of breast and thigh muscles signifi-
cantly. In the second experiment, increasing dietary protein level with 
the same concentration of essential amino acids during first 7 d of age 
did not affect performance but lead to reduction of villus height, crypt 

depth, and villus to crypt ratio in 4, 7, 14 and 33 d of age (P ≤ 0.05). 
Glutamine supplementation of 200 g/kg crude protein diet increased 
villus height, villus to crypt ratio, the number of goblet cells, and villus 
width especially in ileal segment at 4 and 7 d of age (P ≤ 0.05), but had 
no significant influence in higher protein levels. All treatments had no 
effect on intestinal muscularis thickness or the number of enterocytes 
cells per length of villus epithelium. Furthermore, crude protein per se 
and glutamine supplementation did not play a critical role during the 
first days post hatch, provided that requirement of all essential amino 
acids were supplied.

Key Words: protein, pre-starter diet, glutamine, digestibility, broiler
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Environment and Management III

211   Using sulfuric acid and aluminum sulfate to control litter 
ammonia emissions and Salmonella concentration. Z. T. Williams*, 
M. A. Bailey, and K. S. Macklin, Auburn University, Auburn, AL.

Litter ammonia emission and bacteria pathogen control are 2 major 
issues affecting the modern commercial poultry industry. Litter amend-
ments have been developed that when applied to the litter surface will 
trap ammonia as ammonium and reduce volatilization. These amend-
ments come in several types, with acidifiers being the most common. Past 
research has demonstrated that these amendments may also have some 
efficacy at reducing Salmonella. The results presented here describe 
2 experiments using 2 chemical amendments; liquid sulfuric acid and 
a sulfuric acid derived granulated product, aluminum sulfate (alum). 
Amendments were applied to the surface of 3 kg of litter, in triplicate, 
at 3 different application rates; sulfuric acid at 9.8, 19.5 and 29.3 L/100 
m2; Alum at 24.4, 48.9 and 73.1 kg/100 m2. Litter also received a 30 
mL cocktail of 5 poultry associated S. enterica serovars (Enteritidis, 
Heidelberg, Kentucky, Montevideo, and Typhimurium) at 9 log10 cfu/
mL, giving a final concentration of 6 log10 cfu/g litter. Control litter 
recieved only Salmonella cocktail. Ammonia was measured before 
treatment and then every 24 h until the conclusion of the trials at 96 h. 
Both amendments were able to significantly reduce ammonia to accept-
able levels within 24 h from application, <20 ppm (P < 0.001). Alum 
had no effect on Salmonella, while sufuric acid reduced Salmonella 
to less than detectable number within 24 h, regardless of application 
rate (P < 0.001). Salmonella was recovered from the alum treated litter 
for the duration of the trial Salmonella was never recovered from the 
sulfuric acid treated litter. The results indicated that both are effective 
ammonia reducers, but only sulfuric acid was indicated as an effective 
agent against Salmonella.

Key Words: Salmonella, ammonia, litter, amendment, acidifier

212   A comparison of four bedding sources for broilers. T. A. 
Lavergne*1, J. B. Schmidt2, L. R. Brunet1, J. W. Charal1, and L. A. 
Gaston1, 1Louisiana State University Agricultural Center, Baton 
Rouge, 2Louisiana Department of Agriculture and Forestry, Baton 
Rouge.

A comparison of 4 bedding sources was conducted in 3 flocks of broil-
ers. A total of 4,200 mixed-sex Cobb 500 broilers were used. On d 0 
of each flock, broilers were allotted to one of 4 bedding treatments in 
a completely randomized design. The treatments were (1) pine shav-
ings (PS), (2) rice hulls (RH), (3) pelleted blend of recycled newsprint 
and recycled cardboard (PB), and (4) wood pellets (WP). There were 
7 replicate pens of each treatment and 50 broilers per replicate in each 
flock. Each flock was reared for 42 d and fed a 3-phase commercial 
feeding program. There were no effects (P > 0.05) of bedding treatment 
on body weight, average daily gain, average daily feed intake, or feed 
efficiency in any flock. For each flock, litter moisture was lowest (P < 
0.01) for WP, then for PB, and highest for PS and RH. Litter ammonium 
nitrogen was lower (P < 0.08) for PB and WP than for PS and RH. Litter 
total phosphorus, total dissolved phosphorus, and dissolved reactive 
phosphorus were lowest (P < 0.01) for WP, then for PB, and highest 
for PS and RH. Footpad dermatitis was not observed for any broilers 
on any treatment in any flock. PB and WP can be utilized as bedding 
for broilers and may have lower litter ammonium nitrogen, phosphorus, 
and moisture than PS or RH.

Key Words: bedding, pine shavings, rice hulls, wood pellets, broilers

213   Effects of litter reuse on measures of broiler performance 
and welfare in a commercial Australian production system. M. 
D. Cressman*1,2, S. J. Moeller1, S. W. Walkden-Brown2,3, and H. N. 
Zerby1, 1The Ohio State University, Columbus, 2Poultry CRC, Armi-
dale, New South Wales, Australia, 3University of New England, Armi-
dale, New South Wales, Australia.

Production costs and resource availability continue to pressure broiler 
producers to reuse poultry litter. Therefore, the objective of this study 
was to investigate the effects of reused litter on bird performance, 
welfare, litter pH and moisture, and air ammonia concentrations on 
3 commercial broiler farms in New South Wales, Australia. On each 
farm, litter from the previous batch within 6 on-site sheds was assigned 
to one of 3 treatments: (1) a full cleanout replenished with new litter 
(NL); (2) litter reuse in the entire shed following heaping and turning 
(RL); and (3) RL plus the addition of an acidifying litter amendment 
(RL+A). In the RL and RL+A sheds, chicks were placed directly on 
reused litter. Mortality was recorded by farm staff. Live bird bodyweight 
(BW), welfare, and litter measurements were collected on d 0 (day of 
placement), 7, 14, and 35 and analyzed as a 3 × 4 factorial arrangement 
in a randomized block design with repeated measures in time using the 
PROC MIXED procedure of SAS version 9.3. Following heaping and 
turning, RL and RL+A litters were dryer (P < 0.0001) than NL litter on 
day of placement, with no treatment differences occurring thereafter. 
The pH of NL was lower (P < 0.001) than RL and RL+A at 0 and 7 d. 
Observed early (2%) and final (6.5%) mortality rates were consistent 
with commercial production systems. Live bird BW did not differ 
between treatments on d 0, 7, or 14; however, by d 35, RL birds tended 
(P = 0.08) to be 102 ± 41 g and 145 ± 43 g heavier than NL and RL+A 
birds, respectively. Welfare measures provided no evidence of sustained 
reduction in welfare status of birds on reused litter, or any clear benefits 
or disadvantages of the litter amendment. The litter amendment failed 
to significantly impact litter chemistry, such that litter moisture and pH 
did not differ between RL and RL+A. However, litter amendment did 
appear to have a reducing effect on air ammonia concentrations relative 
to the RL treatment on 2 of the test farms. Under proper management, 
results indicate bird performance and welfare can be maintained when 
incorporating reused litter.

Key Words: broiler, litter reuse, welfare, performance

214   Effects of light restriction and stocking density on broiler 
performance and carcass quality. T. M. El-Sheikh*, Sohag Univer-
sity, Sohag, Egypt.

This investigation was conducted to determine the effect of light restric-
tion and stocking density on growth performance of Cobb × Cobb 
broiler strain, body longer bones and carcass quality measurements. 
The experimental design was 3 × 2 × 2 (3 light treatments, 2 stocking 
densities and 2 replicates). The 3 light treatments were 23L:1D (control), 
18L:6D (restricted 1), and 12L:12D (restricted 2) and the 2 stocking 
density studied were 10 and 12 bird per square meter. Body weight, 
feed efficiency, mortality rate were measured at 0, 21, 35, and 42 d 
of age, weight and length of shank, keel, and tibiotarsal at the end of 
the experiment. Ten birds from each treatment were used to bones and 
carcass quality measurements. Carcass quality were graded according to 
the presence of vent scabs, hip scabs and sores, the carcass which have 
one of them is not grad A. The results of this experiment showed that 
light restriction significantly (P < 0.05) decreased body weight (2410, 
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2350 and 2245.5g for 23, 16 and 12 L, respectively) and feed consump-
tion but significantly improved feed conversion. Weight and length of 
shank were significantly (P < 0.05) decreased by light restriction. While 
length and weight of keel and tibiotarsal were not significantly affected 
by the light restriction and stocking densities treatments. Low stocking 
density was the best for performance (2366.7 g body weight) and carcass 
quality and increasing carcass grad A (74%) compared with 2303.7 g 
body weight and 51% carcass grade A for high stocking density. There 
were an interaction between light restriction and stocking density, 12 
birds/m2 were good performance under light restriction (marketing 
body weight was 2380g compared with 23L:1D (2320 g). The percent 
of carcass grad A was increased as light period increased while carcass 
grad A was increased with low stocking density.

Key Words: light restriction, stocking density, body structure, broiler, 
carcass quality

215   Effects of genotype and increasing daylength one week 
prior to market age on broiler productivity and reactivity . K. 
Schwean-Lardner*1, H. L. Classen1, and P. McCartan2, 1University of 
Saskatchewan, Saskatoon, SK, Canada, 2Lilydale Inc. Sofina Foods, 
Edmonton, AB, Canada.

The addition of darkness to a program can improve productivity, reduce 
mortality, and improve well-being of broilers. However, an issue for 
some producers is the higher activity levels in flocks with darkness 
exposure, particularly at time of catching. A study was conducted to 
assess the possibility of reducing activity at time of load out by increasing 
day length during the final week of grow-out, and further to determine 
changes in productivity resulting from this lighting change. Four geno-
types (A, B, C and D), housed in 2.3 × 2.0 m pens, were grown under 
one of 3 d lengths from 4 d to market weight – 23L:1D (23L), 17L:7D 
(17L) or late increasing (17L:7D to 26 d then 23L:1D to 33 d) (L-INC). 
A total of 7614 birds were used. As genotypes may be selected for vari-
ous traits, differences were noted in the measured variables, including 
growth rate, feed efficiency, mortality, average foot pad lesion scores, 
meat yield and bird reactivity. With regards to lighting, 17L and L-INC 
birds were the heaviest at 33 d (2.185 and 2.195 kg versus 2.136 for 
23L). Maintaining darkness to marketing (17L) resulted in the most 
efficient feed conversion (0.656) but not differences were found between 
L-INC (0.646) and 23L (0.643) treatments. Mortality was unusually 
high, and no significant differences were noted between lighting treat-
ments. Lighting treatment did not affect major characteristics of meat 
yield, including the percent of breast or dark meat. Birds raised under 
23L reacted less to an observer from d 6 to 33. During the final week 
of grow-out, increasing day length to 23 h (L-INC) did not reduce bird 
reactivity as compared with 17L. To conclude, changing day length to 
23L with the goal of reducing activity late in the production cycle was 
not effective, and resulted in poorer feed efficiency as compared with 
birds given 7 h of darkness to the end of trial.

Key Words: broiler, behavior, lighting, productivity, load out

216   Effect of paddock density on egg production and quality 
in a brown egg layer strain. R. D. Malheiros* and K. E. Anderson, 
Department of Poultry Science, North Carolina State University, 
Raleigh.

This study was conducted at the North Carolina Department of Agricul-
ture and Consumer Services’s Piedmont Research Station to examine 
the effects of paddock density on production and egg characteristics in 
a single production cycle. This study consisted of 220 Hy-Line Brown 

hens which were selected as a good representation of hens used in 
extensive production systems. Four range hut pens provided a density 
of 1271 cm2 (197 in2) at populations of 55 hens/pen with paddock 
dimensions of 18.3 m × 18.3 m (60 × 60 ft) for a density of 3.04 m2/
hen (32.7 ft2/hen) vs. 9.2 m × 9.2 m (30 ft × 30 ft) for a density of 0.77 
m2/hen (8.2 ft2/hen) rotated every 28 d. The primary objective was to 
provide an unbiased comparison of the paddock density. Hen day egg 
production was not affected by the paddock hen density, with 84.71 vs. 
84.37, respectively to 0.77 and 3.04 m2/hen. It was observed that the 
feed intake/hen (P = 0.0382) was 113g/hens when submitted to high 
density, and the ones submitted to low density was 110 g/hen. Therefore, 
the feed efficiency observed (g egg/g feed), was improved by 2.08% (P 
< 0.02) for the hens in high paddock density. The overall mortality was 
not significant at 17.27 and 13.64% in the paddock densities 0.77 and 
3.04 m2/hen, respectively. There were no differences in USDA grade A, 
or in bloods and checks between the paddock densities however, hens in 
the low density paddocks produced 5.22% more large eggs (P < 0.01) 
than the high density counterparts. In conclusion, the Hy-Line Brown 
hens provided the low density paddock had better feed efficiency and 
improved large egg size. The increased forage availability in the low 
density pen appears to have contributed to improved feed conversion.

Key Words: Hy-Line Brown, paddock density, free range, laying hens

217   The effect of microwave toe trimming on heavy tom pro-
duction. T. D. Knezacek*, J. Fournier, K. V. Schwean-Lardner, S. 
Gomis, and H. L. Classen, University of Saskatchewan, Saskatoon, 
SK, Canada.

Three hundred 6 male Hybrid Converter poults were either trimmed 
(T) or not trimmed (UT) at a commercial hatchery to determine the 
impact of microwave claw processor (MCP) treatment on heavy tom 
production. Each treatment was replicated 9 times with 17 birds per pen. 
Poults were reared on litter floors at a stocking density of 34 kg/m2. Body 
weight and feed intake were measured on d 0, 7, 21, 42, 56, 70, 91, 126 
and 140, and all mortality was submitted for necropsy to determine the 
cause of death. Toe length was determined on d 55, 84, 119 and 139 
to assess degree and variability of toe trimming. Toms were marketed 
at 140 d, with 45 carcasses from each treatment examined for carcass 
scratches and other damage. Feed consumption was greater for UT birds 
from 0 to 7 and 126–140 d. UT toms weighed significantly more than T 
toms at 91, 126 and 140 d, with UT turkeys being 0.55 kg heavier than 
T birds at processing. There were no differences in feed efficiency or 
total mortality for T and UT toms, though there was more culling for 
rotated tibiae in T (3.27%) compared with UT birds (0.65%). Toe length 
for T toms was 91.7–92.6% of the UT length. Carcass damage due to 
scratches, breast blisters and buttons, broken bones and bruising was not 
affected by toe trimming. Due to the reduced body weight at processing 
and higher incidence of rotated tibia, along with no improvement in 
carcass condition, the results from this study suggest toe trimming for 
heavy tom production is not required.

Key Words: microwave toe trimming, heavy tom, turkey production, 
carcass quality

218   Research in the real world: Combining commercial field 
research and extension. B. L. Schneider*1, V. L. Carney1, N. A. 
Robinson2, and R. A. Renema3, 1Alberta Agriculture and Rural Devel-
opment, Edmonton, AB, Canada, 2Alberta Hatching Egg Produc-
ers, Edmonton, AB, Canada, 3University of Alberta, Edmonton, AB, 
Canada.
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The Alberta hatching egg industry has had low egg numbers and 
hatchability relative to the rest of Canada since 2005. A field study 
was designed to identify management strategies that improve chick 
production, which include effective data use. Producers have many data 
and information sources to guide decision making; their own flocks, 
hatchery reports, technical personnel, research results and breeder 
management guides. Breeder performance objectives are benchmarks 
against which individual flock performance may be measured, while 
information resources equip innovation on individual farms. The study 
was designed to see how producers used data and other information 
sources to manage their flocks and how Alberta flocks performed rela-
tive to breeder objectives. One flock on 14 farms was visited 8 times 
between placement and depopulation. Chick production, feed samples 
and observations of management practices were collected. Standard-
ized reporting forms were developed for producers to share data with 
the research team. A commercial laboratory measured crude protein 
and calculated energy levels. Farms were ranked according to flock 

productivity, as measured by the standard Alberta metric: number of 
chicks per pullet placed (CPP). The mean number of CPP for study 
farms was 105.8 and ranged from 120.8 to 90.2; the provincial mean 
CPP during the same period was 104.3. Performance relative to the 
following breeder objectives was determined for each flock to 59 wk: 
liveability (87%), feed/100 chicks (36.2kg/100 chicks) and calculated 
cumulative protein (7.2kg) and energy (135769 kcal) allocations. The 
top study flock had liveability 93.9%, compared to the lowest ranked 
flock at 88.0%. The top flock achieved superior chick numbers with less 
feed than the lowest flocks; 38.0 vs 53.1kg/100 chicks, respectively. 
Feed amounts may have differed based on feed quality. Target protein 
and energy levels were exceeded by all flocks in the study. Successful 
chick production is associated with close adherence to breeder objec-
tives, with liveability being a key measure of success, followed closely 
by efficiency of feed formulation and allocation.

Key Words: breeder, liveability, protein, energy, performance objective
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219   Influence of main cereal and feed form of the diet on 
performance and digestive tract traits of brown-egg laying pul-
lets from hatching to 17 weeks of age. R. Harzalli1, B. Saldaña1, P. 
Guzmán1, A. Pérez-Bonilla2, J. García2, and G. G. Mateos*1, 1Univer-
sidad Politécnica de Madrid, Madrid, Spain, 2Camar Agroalimentaria 
S.L., Toledo, Spain.

The influence of the main cereal and feed form of the diet on performance 
and gastrointestinal tract (GIT) traits was studied in brown-egg laying 
pullets from hatching to 17 wk of age. There were 8 dietary treatments 
arranged as a 2 × 4 factorial with 2 main cereals (corn vs. wheat with 
enzymes) and 4 feeding programs that consisted in changing feed form 
(mash vs. crumble) according to feeding period. Two of the groups were 
fed the diets as mash or crumble continuously (1 to 17 wk of age) and 
the other 2 groups were fed crumbles from 1 to 5 wk or from 1 to 10 wk 
followed by mash to 17 wk of age. Each treatment was replicated 9 times 
(40 pullets per replicate). No interactions between main cereal of the 
diet and feed form program were detected at any age and therefore, only 
main effects are presented. From 1 to 5 wk of age, pullets fed wheat had 
higher BW gain (P < 0.001) and better FCR (P < 0.001) than pullet fed 
corn but the differences disappeared with age. Also at this age, pullets 
fed crumbles ate less feed (P < 0.001) but had better FCR (P < 0.001) 
than pullets fed mash. From 1 to 17 wk, pullets fed crumbles continu-
ously had the highest BW gain of all groups (P < 0.001). Also, pullets 
fed crumbles continuously had better FCR (P < 0.001) than pullets 
feed mash continuously, with pullets from the other 2 treatments being 
intermediate. At 17 wk of age, pullets fed corn had heavier (P < 0.001) 
GIT and gizzards than pullets fed wheat, but body and small intestine 
length were not affected. Also, pullets fed crumbles continuously had 
lower (P < 0.001) gizzard and GIT weight but higher (P < 0.001) giz-
zard pH than pullets fed mash continuously. It is concluded that wheat 
supplemented with enzymes can be used in substitution of corn diets 
for pullets from 1 to 17 wk of age. Feeding crumbles improved growth 
performance of the pullets at all ages.

Key Words: corn, digestive organ, feed form, pullet performance, wheat

220   Influence of feed form of the pullet diet and energy concen-
tration of the laying diet on productive performance and digestive 
tract traits of brown-egg laying hens. B. Saldaña1, P. Guzmán1, A. 
Pérez-Bonilla2, J. García2, C. E. Gewehr3, and G. G. Mateos*1, 1Uni-
versidad Politécnica de Madrid, Madrid, Spain, 2Camar Agroalimen-
taria, S.L., Toledo, Spain, 3Universidade do Estado de Santa Catarina, 
Lages, Brazil.

The influence of feed form of the pullet diet and energy concentration 
of the laying diet on productive performance and gastrointestinal tract 
(GIT) traits were studied in brown-egg laying hens from 17 to 48 wk 
of age. The experiment was completely randomized with 4 treatments 
arranged as a 2 × 2 factorial with 2 forms (mash vs. crumble) of the 
feeds fed during the rearing period (1 to 17 wk of age) and 2 levels of 
energy during the laying period (2,650 vs. 2,750 kcal AMEn/kg). Each 
treatment was replicated 15 times (an enriched cage with 10 hens). All 
diets within each rearing and laying phase had similar nutrient content 
per kcal of AMEn. No interactions between feed form of the rearing diets 
and energy concentration of the laying diets were detected for any of 
the variables studied and therefore, only main effects are presented. At 
the end of the experiment, hens that were fed mash during the rearing 
phase had higher BWG (P < 0.001) than hens that were fed crumbles. 
An increase in the energy content of the laying diet reduced ADFI (P < 

0.001) and improved FCR (P < 0.001) but egg weight and egg produc-
tion were not affected. At 48 wk of age, the relative weight (%BW) of 
the GIT and of the full and empty gizzard was higher (P < 0.05) for 
hens that were fed mash than for hens that were fed crumbles during 
rearing. However, GIT traits were not affected by energy content of the 
laying diet. It is concluded that the feed form during rearing did not 
affect subsequent laying hen performance of the hens. Also, an increase 
in the energy content of the diet from 2,650 to 2,750 kcal/kg reduced 
ADFI and improved FCR but had no effects on the other productive 
variables studied.

Key Words: crumbles, energy concentration, gastrointestinal tract trait, 
laying hen performance, mash

221   Changes in yolk sac membrane absorptive area and fat 
digestion during broiler embryonic development. L. Yadgary* and 
Z. Uni, Faculty of Agriculture, Food and Environment, The Hebrew 
University, Rehovot, Israel.

The capacity of yolk sac (YS) utilization by the chick embryo may be 
affected by structural changes in the YS membrane (YSM) and by the 
mechanisms within its cells for digestion and absorption. To achieve 
an optimal YS utilization by the embryo, a good understanding of the 
digestive, absorptive and secretive processes that take place in the YS 
is needed. We examined 2 aspects of YS utilization- the absorptive area 
of the YSM tissue and the digestion of lipids by lipase and bile acids. 
Accordingly, weights of embryo, YS and YSM as well as the total area 
of the YSM, and the absorptive area of the YSM, were measured in 
Cobb Broiler embryos between E5 (d 5 of embryonic development) 
and E21 (day of hatch). In addition, fat content, lipase activity and bile 
acids concentration in the YSM and YS contents (YSC) were measured 
between E11 and E21. Results showed that YSM weight increased by 
34 fold from E5 to E15, and decreased by 2 fold between E17 and 
E21. The absorptive area in the YSM increased from 536 mm2 on E5 
(51% of total YSM area) to 6370 mm2 (86% of total area) on E17, and 
decreased to 4439 mm2 on E21 (85% of total area). Lipase activity was 
detected in the YSM with increasing levels from E15 to E21. In addi-
tion, our results confirmed for the first time, that bile acids are present 
in the YS from E11, with levels that ranged from 0.61 to 1.06 µmole/g 
in the YSM, and therefore suggest that bile is synthesized in the YSM 
of the chick embryo. The smaller YSM area between E17 and E21 did 
not decrease the rate of YS fat utilization which could suggest that YSM 
mechanisms for fat absorption, digestion and secretion increased during 
that period. Results of the current study contribute to our understand-
ing of the developmental changes and nutritional needs that affect YS 
functionality. Further research is needed to elucidate the coordination 
between the embryo’s demands and the morphological, absorptive, 
digestive and secretive changes in the YSM, to achieve an efficient 
transfer of nutrients and an optimal development of the broiler embryo.

Key Words: yolk sac membrane, absorptive area, lipase, bile acid, 
nutrient utilization

222   Prenatal nutritional supplementation by in ovo feeding 
influences bone structure, composition and mechanical proper-
ties of Cobb broilers. R. Yair*1,2, R. Shahar2, and Z. Uni1, 1Depart-
ment of Animal Science, Robert H. Smith Faculty of Agriculture, Food 
and Environment, Hebrew University of Jeruselum, Rehovot, Israel, 
2The Koret School of Veterinary Medicine, Robert H. Smith Faculty of 
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Agriculture, Food and Environment, Hebrew University of Jerusalem, 
Rehovot, Israel.

The skeletal system is dependent upon minerals such as P, Cu, Mn and 
Zn for its proper development. Research in our lab showed that on 19E 
(embryonic d 19) the yolk, which is the major reserve of minerals, 
contains low reserves of those minerals and respectively their uptake 
by the embryo between 19E and hatch is low. The purpose of this study 
was to examine the effect of prenatal nutritional supplementation by in 
ovo feeding (IOF) on bone mechanical, compositional and structural 
properties. For that purpose, 300 eggs were incubated and divided to 2 
groups: Enriched (on 17E with a solution containing organic minerals, 
vitamins and carbohydrates by IOF) and control. Eight eggs per group 
were randomly selected on 19E and 21E, their yolks were taken for 
mineral content analysis using ICP-AES and the tibia of each embryo 
was taken for analysis. Hatchlings were raised and the tibia of 8 chicks 
per group was taken on 7d, 14d, 28d and 54d for biomechanical testing 
using a micromechanical testing device. Additionally, structural analy-
sis of the cortical and cancellous parts of the bones was done using a 
high-resolution µCT and compositional analysis (for the mineral content 
of the bone) was done by quantifying the cortical bone ash content. 
The results show that the IOF enriched group had higher yolk P, Cu, 
Mn and Zn and exhibited higher uptake between 19E and 21E than 
the control. Bone analysis showed that on day of hatch and d 14, the 
enriched group tibia had higher load-to-fracture and ultimate-load than 
the control. On 7d the tibiae trabecular bone of the enriched group had 
higher trabecular thickness and bone percent than the control. On d 28 
and d 54 the IOF enriched group showed increased bone mineralization. 
This study demonstrates that IOF with organic minerals, vitamins and 
carbohydrates elevated yolk mineral content and the mineral uptake 
by embryos, affected and improved bone properties at least until d 14. 
Additionally, the elevated mineral content of the enriched group on 
d 28 and d 54 leads to a potential long lasting improvement in bone 
properties as a result of the IOF.

Key Words: embryo, bone, tibia, mineral, in ovo feeding

223   Effect of in ovo feeding and programmed nutrition strategy 
on the growth performance and meat yield of Ross 708 broilers. P. 
Ferket*1, T. Ao2, R. Samuel2, R. Malhieros1, M. Ford2, A. Pescatore2, 
and A. Cantor2, 1North Carolina State University, Raleigh, 2Alltech-
University of Kentucky Nutrition Alliance, Lexington.

Programmed nutrition (PN) relies on conditioning during the first few 
days post-hatch to improve subsequent nutrient utilization. In ovo 
feeding (IOF), which advances early development, may benefit PN. 
Male Ross 708 broilers were assigned to a 2 × 3 factorial arrangement 
of 2 hatchery treatments (IOF versus control) and 3 dietary treatments 
(control, 72 h conditioning diet (PN Post Hatch Broiler Chick Starter, 
Alltech Inc.) followed by PN diets, or only PN diets). Each treatment 
was replicated by 8 pens of 22 birds. Embryos were injected into the 
amnion at E18 with either 600 μl of IOF solution with Marek’s vac-
cine (IOF) or with 100 μL Marek’s vaccine using the Inovoject IOm 
(Pfizer, Durham, NC). Eighteen hours after hatch, each hatchery group 
was placed in floor pens assigned 1 of the 3 dietary treatments. The PN 
diets contained lower levels of ME, minerals, and vitamin E than the 
control diets. In ovo feeding increased body weight (BW) by ~1.5% at 
hatch, and reduced BW shrinkage after 12 h of transport by ~10% (P 
< 0.005). There were no significant hatchery × diet interaction effects 
observed. Relative to controls, IOF increased 42 d BW (2,725 g vs. 
2,636 g, P < 0.005), reduced BW CV (8.0 vs. 10.1%), and improved 
1–42 d FCR (1.58 vs. 1.63, P < 0.005), but without effect on % carcass 
meat yield. Relative to controls, the 72hr conditioning diet improved 

10 d BW (220 g vs. 187 g) and 1–10 d FCR (1.28 vs. 1.59), but the PN 
diets resulted in inferior 42 d BW (2,646 g vs. 2,738 g, P < 0.005) and 
1–42 d FCR (1.63 vs. 1.58, P < 0.005); although the conditioning diet 
reduced this treatment difference. Breast meat yield was increased most 
by PN with conditioning in compassion to controls (28.0 vs. 26.9%, P < 
0.005). The additive benefit of IOF and PN with conditioning resulted in 
superior growth performance and meat yield in comparison to controls.

Key Words: in ovo feeding, programmed nutrition, growth performance, 
meat yield, broiler

224   Comparison of the true check in vitro screening method 
for normal and reformulated diets containing increasing levels of 
Allzyme SSF versus measured AME. R. S. Samuel*1, P. B. Becker2, 
M. J. Ford1, A. H. Cantor1, A. J. Pescatore1, and T. Ao1, 1Alltech-Uni-
versity of Kentucky Nutrition Research Alliance, Lexington, 2Alltech 
Inc., Nicholasville, KY.

The True Check in vitro screening method (Alltech Inc.) has been 
developed to simulate the digestion of feeds by poultry by replicating 
major areas of digestion. True Check measures reducing sugar and 
phosphate released due to the addition of Allzyme SSF. The objective 
of this project was to compare the results obtained from True Check 
versus animal performance results measured from the same diets fed 
to broilers. To evaluate additions of Allzyme SSF to normal and refor-
mulated wheat-based diets, 8 dietary treatments representing a 2 × 4 
factorial arrangement of 2 nutrient levels and 4 enzyme levels (0, 200, 
400 or 600 g/T) were designed. The normal ME diet was formulated to 
provide all nutrients equal or greater than the recommendations of NRC 
for broilers. The low ME diet was reformulated to contain 0.1% less 
available phosphorus and total calcium and 75 kcal/kg less ME than the 
normal ME diets. Day old male broiler chicks (n = 384) were randomly 
assigned as 8 replicates/treatment of 6 chicks per cage raised for 21 d. 
An internal marker was included for the measurement of AME. True 
Check samples were analyzed in triplicate and the results were averaged. 
Animal performance data were analyzed as a factorial arrangement for 
the main effects of Allzyme SSF inclusion and nutrient level and the 
interaction. Free phosphate and reducing sugars increased when Allzyme 
SSF was added to the normal diet, except at 600 g/T. For reformulated 
diets, a numerical increase in reducing sugar release from 200 and 400 
g/T inclusion rates compared with the control and a significant increase 
in reducing sugar release from 600 g/T inclusion of Allzyme SSF was 
observed. A significant (P < 0.01) interaction indicated greater energy 
uplift due to Allzyme SSF in the reformulated diets compared with the 
normal diets. Reducing sugar content predicted (P = 0.01) the measured 
AME of normal (R2 = 0.20) and reformulated (R2 = 0.20) diets. In con-
clusion, both methods demonstrated a curvilinear response to additions 
of Allzyme SSF where maximum benefit was observed at 400 g/T in 
reformulated wheat-based diets.

Key Words: enzyme, AME

225   Effect of inclusion levels of different plant proteins sources 
on preference and palatability in broiler chickens. R. B. Agivale*, 
E. Y. Opoku, and T. A. Scott, Department of Animal and Poultry Sci-
ence, University of Saskatchewan, Saskatooon, SK, Canada.

Negative preference and palatability for plant protein (PC) based diets 
has been observed; although this was reduced with age, it was still 
evident in 21 d old broilers. The present study was designed to measure 
the influence of 3 inclusion levels of 4 PC based diets on preference 
and palatability. A total of 360 Ross 308, male broilers (0–14 d) were 
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randomly distributed into 12 treatments (6 broilers for each of 5 cages 
per treatment). The experiment was a completely random block design 
(4 × 3) that compared 4 sources of plant protein (PC) [canola protein 
concentrate (CPC); pea1 (PPC1); pea2 (PPC2); and canola meal (CM)] 
fed at 3 levels (low, medium and high) in a separate feeder than a diet 
containing 5% fish meal (FM). Diets were formulated to be nutrient 
equal and fed ad libitum. When birds were choice fed with 12 (4 × 3) 
PC diets against FM diet, there were significant (P < 0.05) difference in 
growth (CPC ≥ PPC1 > PPC2 > CM). The preference for FM diets was 
higher when choice fed with PC diets (PPC1 = PPC2 > CM = CPC); 
indicating maximum aversion for the diet containing pea proteins from 
0 to 14 d. With increased inclusion level of PC, significantly (P < 0.05) 
higher aversion (lowCPC = CM = PPC2 > PPC1 = PPC1+PPC2) and 
feed intake (FM ≥ CPC ≥ CM > PPC2 > PPC1 = PPC1+PPC2) was 
observed. When both pea diets were offered simultaneously, preference 
for PPC1 over PPC2 was observed. Based on this result, further studies 
will be done to evaluate different processing and/or additive treatments 
to identify methods to improve palatability of PC-based diets.

Key Words: canola protein concentrate, pea protein concentrate, canola 
meal, fish meal, preference

226   Influence of replacing different levels of corn with sweet 
potato root meal on the performance and meat quality of broil-
ers. R. C. Beckford*, J. R. Bartlett, E. G. Rhoden, V. A. Khan, M. A. 
McHugh, and K. M. Liles, Tuskegee University, Tuskegee, AL.

The amount of corn available for animal and poultry feed has been 
reduced in recent years. As a consequence, there has been an increase 
in the price of feed, chicken, and chicken by-products. Researchers are 
exploring alternative feed sources that could be substituted for corn in 
the diet of poultry. This study evaluated the performance and nutrient 
content of broilers fed diets containing sweet potato root meal (SPRM). 
After a complete nutrient analysis of the SPRM, diets were formulated 
where 0, 10, 20, and 30% of corn was substituted for SPRM. The study 
utilized 360 1-d-old Cornish Rock male broilers randomly assigned to 
one of 4 treatments (diets A = 0%; B = 10%; C = 20%; and D = 30% 
SPRM). Body weights and feed intake were monitored weekly for 7 wk. 
Birds were slaughtered on d 50 and feed intake (FI), BW gain, average 
daily gain (ADG), average daily intake (ADI), abdominal fat, dressing 
percentage, and internal organ weights were measured. White (breast) 
and dark (leg and thigh) meat were evaluated for nutrient content (pro-
tein, moisture, fat, and ash). Results showed no significant differences 
among treatments for FI, ADG, and FE. Birds fed diet D had higher 
(P < 0.05) BW gain (2,938.60 g) and ADG (59.97 g) than diet C with 
2617.14 g and 53.39 g, for BW gain and ADG, respectively. There were 
no differences in dressing percentage among treatments. Abdominal fat 
was highest (P < 0.05) in birds fed diet D. Organ weights were similar 
across treatments. Moisture, protein, and ash content of white meat were 
not different among treatments. However, fat content was lower (P < 
0.05) in birds fed diet A (2.16%). For dark meat, protein and ash content 
were similar among treatments, while moisture and fat were different 
(P < 0.05). Birds fed the SPRM diets compared well with those fed the 
control for both performance and nutrient content of meat.

Key Words: sweet potato root meal, broiler, performance, alternative 
ingredient, nutrient content

227   Evaluation of Camelina sativa meal as a feedstuff for layers: 
Effects of increasing dietary inclusion and copper supplementa-
tion on egg production and physical egg quality. M. Oryschak*1 
and E. Beltranena1,2, 1Alberta Agriculture and Rural Development, 

Edmonton, AB, Canada, 2University of Alberta, Edmonton, AB, 
Canada.

The effect of increasing dietary inclusion of expeller-pressed camelina 
meal (CAM; 32.6% CP, 11.5% fat, 35.6 µmol/g total glucosinolates) 
was studied in Brown Nick hens (n = 288; H&N International) housed 
4 per test cage in an egg layer battery (668 cm2/hen). Treatments con-
sisted of diets containing 0, 5, 10, 15, 20 or 25% CAM, either with or 
without supplemental copper (125 ppm Cu) in a 2 × 5 factorial arrange-
ment, which were fed to 6 replicate cages in a RCB design. Phase 1 
diets (22–46 wk of age) were formulated to contain 2.8 Mcal AME/
kg, 2.4 g AID Lys:Mcal AME, 3.70% Ca, 0.43% available P and other 
AID AA in recommended ratios to Lys. Egg production was measured 
daily, average egg wt weekly, and BW and ADFI every 4 wks. Yield of 
egg components (shell, yolk, albumen) and objective egg quality (e.g., 
specific gravity, albumen height) were determined from eggs sampled 
midway through the 24-wk study period. All data were analyzed using 
the MIXED procedure of SAS. Models included the fixed effects of 
CAM inclusion, copper supplementation and the 2-way interaction, 
with block as the random term. For the overall 24-wk study, increasing 
dietary CAM inclusion linearly reduced ADFI, feed efficiency and laying 
percentage (P < 0.01). Increasing CAM inclusion also linearly reduced 
average egg weight and daily egg mass production (P < 0.01), which was 
attributable to a linear decrease in albumen wt (P < 0.05). Supplemental 
Cu increased ADFI (P < 0.01), average egg wt (P < 0.01) and daily egg 
mass production (P < 0.01), but slightly reduced lay percentage (P < 
0.05) over the 24-wk study period. These results indicate a reduction 
in AME and digestible AA with increasing CAM inclusion in the diets.

Key Words: camelina meal, laying hen, performance, egg quality, 
copper

228   Solvent-extracted vs. expeller-pressed B. napus and B. 
juncea fed to layers: effects on feed intake, egg production and 
physical egg quality. M. Oryschak*1 and E. Beltranena1,2, 1Alberta 
Agriculture and Rural Development, Edmonton, AB, Canada, 2Univer-
sity of Alberta, Edmonton, AB, Canada.

The effect of dietary inclusion of solvent-extracted (SE) or expeller-
pressed (EP) B. napus (BN) or B. juncea (BJ) meal was studied in 
Brown Nick hens (n = 96; H&N International) housed 4 per cage in a 
conventional battery (668 cm2/hen). Diets containing 20% of either SE 
or SP BN or BJ in a 2 × 2 factorial arrangement were fed to 6 replicate 
cages in a RCB design. Phase 1 diets (22–46 wk of age) were formulated 
to contain 2.8 Mcal AME/kg, 2.4 g AID Lys:Mcal AME, 3.70% Ca, 
0.43% available P, and other AID AA in recommended ratios to Lys. 
Egg production was measured daily, average egg wt weekly, and BW 
and ADFI every 4 weeks. Yield of egg components (shell, yolk, albu-
men) and physical egg quality (specific gravity, albumen height, etc.) 
were determined on eggs sampled midway through the 24-wk study 
period. All data were analyzed using the MIXED procedure of SAS. 
Models included the fixed effects of extraction method (SE vs. EP), 
canola species (BN vs. BJ) and the 2-way interaction, with block as the 
random term. There was no effect of extraction method or canola species 
on ADFI (P > 0.10) for the study period, however feed efficiency was 
higher for SE compared with EP (P < 0.05). Laying percentage tended 
(P < 0.10) to be higher for BJ compared with BN, but was unaffected 
by extraction method (P > 0.10). Average egg wt was higher for SE 
BN compared with the other 3 regimens (P < 0.01). Daily egg mass 
production was not different between SE and EP for BJ (P > 0.10), but 
was lower for EP compared with SE for BN (P < 0.05). Specific gravity, 
albumen height and pH of yolk and albumen were unaffected by treat-
ment (P > 0.10). These results indicate that all 4 canola products are 
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well tolerated by laying hens at high (20%) dietary inclusions. Further 
research into sources of variability affecting nutrient digestibility in EP 
canola meal is required to optimize use of this ingredient for poultry.

Key Words: canola meal, laying hen, performance, egg quality

229   Effect of fat and oil source on performance, carcass fatty 
acid composition, ileal lipid and dry digestibility and energy 
metabolism in broilers. R. A. Swick*1, M. L. Pauvert1, S. B. Wu1, and 
B. Vanselow2, 1University of New England, Armidale, NSW, Australia, 
2Dept Primary Industries, Armidale, NSW, Australia.

A study was conducted to evaluate the impact of feeding diets containing 
different sources of fat/oil on bird performance, fat digestibility, carcass 
fatty acid composition and energy metabolism. Two hundred 40 Ross 
308 d-old male chicks were allocated to 4 dietary treatments in a com-
pletely randomized design. There were 24 floor pens of 10 birds each 
with 6 replicates per treatment. Data were analyzed by one-way ANOVA 
using Proc GLM of SAS with means separated using Duncan’s Multiple 
Range test where appropriate. Diets contained canola oil (C), linseed oil 
(L), marine fish oil (M) or tallow (T), at 70 g/mt from 0 to 14d and 75 
g/mt from 14 to 35d. On d22, body weights of birds (BW, g) for C, L, 
M and T were 1286ab; L: 1322b; 1236a; 1285ab respectively (P < 0.05). 
No differences in (BW) were observed on d14 or d35 or FCR on d14, 
d22 or d35 (P > 0.05). Levels of DHA (C22:6 n-3) mg/100g tissue for 
C, L, M and T were breast: 34a, 52b, 370c and 49b (P < 0.05); thigh: 33a, 
54a, 423b and 57a (P < 0.05). Ileal digestibility coefficients on d35 for 
C, L, M and T were fat: 0.89a, 0.93a, 0.92a and 0.67b (P < 0.05) and dry 
matter: 0.79b, 0.84a, 0.83a and 0.79b (P < 0.05). Grower diet apparent 
metabolizable energy AME and heat production was measured by total 
excreta collection and gas exchange on d 25 and 26 in 12 chambers (2 
birds each) by removing 1 bird from each floor pen above. AME values 
(kcal/kg as is basis) for C, L, M and T were 3104, 3048, 3129 and 3049 
with no treatment differences detected (P > 0.05). Heat production values 
(kcal/kg bw0.7/d) for C, L, M and T (as measured by gas exchange using 
the Brower equation) were 190b, 198ab, 203ab and 210a. In conclusion, 
the results show major differences in body composition between birds 
fed different sources of fat/oil and while no differences in dietary AME 
were detected between treatments, birds fed tallow produced more heat 
than those fed canola oil.

Key Words: fat/oil, DHA, AME, heat production, Brower equation

230   Impact of applying energy equations on diet costs for broil-
ers. A. Helmbrecht*, Evonik Industries AG, Health and Nutrition, 
Hanau, Germany.

Energy is the main cost driver in animal diets. Optimization according to 
the requirement for metabolizable energy (ME) is established in poultry. 
ME is in poultry calculated as the difference of gross energy contained in 
feed and excreta. Data can be regressed to the crude or digestible nutrient 
content of individual raw materials. Various regression equations have 
been published either for poultry in general (WPSA, 1989; Beyer et al., 
2003) or separately for broilers and laying hens (CVB, 2004; Rostagno 
et al., 2011). All equations are based on digestible nutrients. Digestible 
CP was considered by all authors, digestible ether extract and N free 
extract is contained in all equations except Beyer et al. (2003), who used 
digestible starch, sugar and N free residue instead. Table 1 shows ME 
values for corn, soybean meal (48% CP) and meat-and-bone meal (48% 
CP) either calculated accordingly to the mentioned formulas, based on 
the same nutrient contents (INRA, 2002) and digestibility coefficients 
(WPSA, 1989), or measured in vivo (INRA, 2002). Differences mainly 

results from differences in formula constituents; another source are 
conversion factors in cases joule had to be calculated to calorie (INRA, 
2002; Beyer et al., 2003; CVB, 2004). Feed optimization for male broil-
ers from 23 to 35 d [nutrient recommendations according to Aviagen 
(2007) and AminoChick (2012)] containing 3,100 kcal ME/kg show 
the effect of even small differences in ME content on diet costs (raw 
material costs from February 2013), which sum up to about 20 USD/ton. 
Variance in proximate analysis and inaccuracy in conversion N to CP 
(16% in general) affected the development of all regression equations. 
The conversion from MJ to kcal additionally affects the ME content of 
raw materials. The aforementioned factors should be considered when 
comparing different equations and their effect on diet costs.

Table 1.

 
WPSA 
(1989)

INRA 
(2002)

Beyer  
et al. 

(2003)
CVB 

(2004)

Rostagno  
et al. 

(2011)
Corn 3322 3189* 3407 3322 3323
Soybean meal, 48% CP 2212 2228* 2173 2212 2212
Meat-and-bone meal, 48% CP 2376 2530* 2478 2375 2377
Diet cost, US$/ton 319.40 341.70 310.37 319.40 319.01
*Measured in growing broilers.

Key Words: energy, ME, broiler, feed formulation

231   Hematology, growth indices and performance traits of 
Guinea fowl (Numida spp.) fed rations supplemented with Mex-
ican sunflower leaf (MSL). A. H. Ekeocha*1 and P. O. Fakolade2, 
1Ondo State University of Science and Technology, Okitipupa, Ondo, 
Nigeria, 2Osun State University, Osogbo, Osun, Nigeria.

Wheat bran (WB) in Nigeria about 15 years ago had little or no value but 
presently, due to high cost of conventional energy sources, population 
explosion, WB presently is a major source of energy for animals. To 
reduce the high cost of poultry products, there is the need for replace-
ment of some percentages of WB with Mexican sunflower leaves 
(MSL) which is readily available. An 84-d feeding trial was conducted 
to evaluate MSL (Tithonia diversifolia) as dietary fiber source in keat 
diets. Five straight diets were formulated to contain the MSL at dietary 
levels of 0, 1.5, 3.0, 4.5, and 6.0% as a replacement for wheat bran. 
Ninety (90) day-old keats were randomly allotted to the 5 diets contain-
ing 3 replicates per treatment with 6 keats per replicate in a completely 
randomized design (CRD). Feed and water were provided ad-libitum 
and routine medications and vaccinations administered. Data were ana-
lyzed using descriptive statistics and ANOVA. The study investigated 
the performance and hematological responses of the birds to the diets. 
The results shows a significant (P < 0.05) decrease in all the parameters 
measured for performance characteristics. The final body weight, daily 
weight, daily feed intake and daily protein intake were generally higher 
in the birds fed control diet (0%MSL). There were significant (P < 0.05) 
differences in daily feed intake and daily protein intake between the 
control diet and the other groups, while daily weight gain, feed conver-
sion ratio and protein efficiency ratio were not statistically different (P 
> 0.05) across board except at 6% level where there was a fall in weight 
gain. Digestible crude fiber values significantly (P < 0.05) decreased 
with increasing levels of MSL in the diets while the other digestibility 
percentages were comparable (P > 0.05) in all dietary treatments. 
Values for the hematological parameters and blood serum chemistry did 
not deviate (P > 0.05) statistically from established normal values for 
Guinea fowl. The results suggest that MSL could replace wheat bran in 
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guinea fowl diet up to 4.5% as a dietary fiber source before envisaging 
significant weight losses.

Key Words: Mexican sunflower, hematology, performance

232   Effect of feeding single cell protein diet, produced from date 
waste, on the performance of laying hens. H. Najib*1, S. Aleid2, F. 
Al-Jasass3, and S. Hamad1, 1College of Agricultural and Food Sci-
ences, King Faisal University, Al-Hofuf, Saudi Arabia, 2Date Palm 
Research Center of Excellent, King Faisal University, Al-Hofuf, Saudi 
Arabia, 3King Abdulaziz City for Science and Technology, General 
Directorate of Research Grants, Riyadh, Saudi Arabia.

The main objective of this research was to feed microbial protein, pro-
duced from date waste to poultry. An experiment was conducted using 
different levels; 0, 5, 10 and 15% of single cell protein yeast in the diets 
of laying hens. An intensive chemical analysis and true metabolizable 
energy determination were performed on the yeast. Based on these 
analyses an iso-nitrogenous, iso-caloric layer diets were formulated to 

feed 60, 35 week old layers. The layers were distributed in 12 cages 
each containing 5 birds. The treatments were then distributed among the 
cages. A completely randomized design was adopted. Data of the study 
were analyzed by the GLM procedure of SAS. Differences among means 
were tested by Duncan Multiple Range Test. The experiment continued 
for 24 weeks. The results of the energy determination and chemical 
analysis of the yeast showed that the True Metabolizable Energy was 
about 3380 kcal/kg, while the protein content was 48%. This protein 
was found to be rich in Lysine (1.02%). Level of fat in the yeast was 
only 6.41%, however, Oleic acid was 43.2% of total fat. Performance 
of the hens in terms of hen-day egg production, egg mass, egg weight 
and feed conversion was significantly (P < 0.05) better when 5% yeast 
was included in the ration. However there was a clear indication that 
addition of 15% single cell protein may be harmful to the birds. It was 
concluded that adding 5% single cell protein, produced from date waste 
to the poultry diet, produced no adverse effect to the performance of the 
birds and may be included in their diet.

Key Words: date waste, single cell protein
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233   Comparison of bone quality between strains and housing 
systems in end-of-lay hens. P. Regmi*1, K. E. Anderson2, and D. M. 
Karcher1, 1Michigan State University, East Lansing, 2North Carolina 
State University, Raleigh.

Susceptibility of caged layers to osteoporosis and cage layer fatigue 
has prompted the switch from conventional caging to more extensive 
systems allowing birds to perform load bearing activities. However, 
high incidences of fractures have been reported in these alternative 
housing systems. The aim of this study was to determine the housing 
system and strain effects on bone quality parameters: bone weight, ash 
content, cortical bone density (CBD), cortical thickness (CBT), and 
keel bone deformities. Tibia, femur and keel of Hy-Line Brown (HL), 
Hy-Line Silver Brown (HS) and Barred Plymouth Rock (PR) hens 
housed in conventional cages (CC), cage-free (CF) and cage-free with 
range (outdoor access) (R) were studied. Sixty hens from each strain and 
housing system combination were euthanized and bones were excised 
for analysis. Quantitative CT (QCT) was used to measure CBD and 
CBT in each bone. Three dimensional images of keels were generated 
using QCT scans to score and analyze the deformities. CBD in all 3 
bones was significantly higher (P < 0.05) in PR compared with HL and 
HS. There was no effect of housing system for femur CBD, but CBD 
was significantly higher (P < 0.05) for middle and distal tibia of birds 
housed in R compared with CC. CBD for keel bone was significantly 
higher (P < 0.05) in CF and R birds compared with CC birds. CBT of 
tibia was significantly higher (P < 0.01) in PR compared with other 2 
strains. CBT was also high (P < 0.05) for mid and distal tibia for birds 
housed in R and CF compared with CC. Bone dry weight and ash content 
were higher for PR. Birds housed in R and CF were significantly heavier 
(P < 0.05) compared with CC. Average keel deformity score was not 
significantly different among the groups. However, each housing system 
was associated with high prevalence (>90%) of keel deformities. These 
findings indicate that there are differences among strains in terms of 
bone quality. Further, it suggests that range and cage free housing may 
have beneficial impact on tibia and keel bone integrity compared with 
conventional cages but may not be sufficient to prevent fractures or 
deformities, particularly of keel.

Key Words: cortical density, cortical thickness, QCT, keel, cage-free

234   Bitter taste perception in broilers: Gene expression in the gus-
tatory and gastrointestinal tract and drinking behavior. S. L. Cheled-
Shoval*, M. Niv, and Z. Uni, The Robert H. Smith Faculty of Agriculture, 
Food, and Environment, The Hebrew University, Rehovot, Israel.

Bitter taste perception is an essential mechanism in self safety and nutri-
tional evaluation and is known to affect feed/drink behavior. Despite the 
importance of taste in chicken nutrition, welfare, feedstuff choice and 
consumption, little is known about bitter compound’s effect on chicken 
feeding/drinking behavior. We examined the expression of bitter taste 
receptors (T2Rs) in gustatory and gastrointestinal tract (GIT) tissues 
in chicken and examined their expression following administration 
of bitter compound (quinine HCl 2mM- QH) pre-hatch (in ovo) and 
post-hatch.160 eggs were divided into 4 treatment groups: 1) in ovo 
administration of 0.6mL QH; 2) in ovo administration of 0.6mL QH and 
post hatch administration of 1.3mL QH; 3) post hatch administration of 
1.3mL QH; 4) control. Tissue samples were obtained from upper palate 
and GIT for gene expression analysis. Taste tests were conducted 48h 
after post hatch administration of QH. Data were subjected to 1- or 

2-way ANOVA. Differences among means were tested by contrasts 
using Student’s t-tests. Results show expression of all 3 chicken T2Rs 
in gustatory tissues (upper palate and tongue) with higher expression in 
the upper palate. In addition, GIT segments expressed T2Rs in different 
expression levels. QH administration changed expression patterns in 
both tissues differently: In the upper palate, elevated expression of T2Rs 
was found in groups 2 and 3. In the intestine, while the administrated 
twice (group 2) showed a decrease trend in T2Rs expression the admin-
istrated once (group 3) shows no change in expression in comparison to 
control. Individual no-choice taste tests (chicks got either QH in water 
or water alone) show that groups 1 and 2 have lower QH consumption 
compared with water, while groups 3 and 4 show no difference in QH 
compared with water consumption. The results of this study show T2Rs 
expression in broilers GIT and demonstrate that administration of bitter 
compounds pre-hatch changes T2Rs gene expression and drinking 
behavior post hatch. The work hints on possibilities of affecting taste 
sensitivity and behavior in broilers.

Key Words: broiler, gene expression, taste perception

235   Prednisolone induced femoral head separation and the 
plasma protein changes in chickens. B. Packialakshmi*1,2, R. 
Liyanage1, J. O. Lay Jr.1, R. Okimoto3, and N. C. Rath2, 1University of 
Arkansas, Fayetteville, 2USDA, ARS, Fayetteville, AR, 3Cobb-Vantress 
Inc., Siloam Springs, AR.

Femoral head separation (FHS) preludes femoral head necrosis (FHN), a 
degenerative bone disease in poultry that leads to lameness. The genetic 
propensity of broilers for rapid growth is considered to contribute 
toward FHS. Noninvasive biomarkers, indicative of FHS are desirable 
for genetic selection of birds. To understand the basis of the disease, 
we used an experimental model of FHS induced by a synthetic gluco-
corticoid, prednisolone. Two groups of broilers (25 each) were injected 
either saline or prednisolone (10 mg/kg/day) on d 28 and 34 and bled 
before killing on d 38 to determine the incidence of FHS, lesion scores 
and histology. Blood chemistry, differential cell counts were done 
before pooling plasma for peptide analysis. Plasma was subjected to 
acetonitrile precipitation to deplete proteins. The acetonitrile superna-
tant was fractionated by reverse phase and ion exchange methods. The 
fractionated peptides of control and treatment groups were subjected 
to matrix assisted laser desorption ionization mass spectrometry. The 
peptide profiles were compared using ClinPro Tool proteomic software 
to analyze the data and select the differentially expressed peptides. The 
peptides with significantly different expression were further fraction-
ated by reverse phase liquid chromatography, concentrated, trypsin 
digested, and the peptide mass fingerprints were identified by tandem 
mass spectrometry. The bodyweight, incidence of FHS, serum chemistry 
and blood cell differential count were analyzed by Duncan’s t-test. The 
incidence of FHS increased by 39.5% due to prednisolone treatment 
along with increases in their plasma cholesterol, high density lipoprotein 
and bone marrow adipogenesis. Apolipoprotein A-I fragments were 
identified to be elevated in birds with prednisolone treatment. Whether 
increased degradation of HDL associated apolipoprotein A-1 is linked 
to FHS remains to be determined. In the light of our previous results 
with naturally occurring FHS, the lipid metabolism disorders appear to 
be linked to femoral head separation problems.

Key Words: femoral head separation, peptide marker, glucocorticoid, 
mass spectrometry, apolipoprotein
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236   Transcriptional profiling of genes in laying hen preadipo-
cytes treated with adipogenic cocktail with or without retinoic 
acid. R. Adhikari*1, A. Regassa1, J. H. Kim2, and W. K. Kim1, 1Uni-
versity of Manitoba, Winnipeg, MB, Canada, 2National Institute of 
Animal Science, Chungnam, Republic of Korea.

A study was conducted to determine transcripts that are differentially 
regulated between hen preadipocytes treated with adipogenic cocktail 
containing 500 nM dexamethasone, 0.5 mM 3-isobutyl-1-methyl-
xanthine, 20 µg/μL insulin and 300 μM oleic acid (DMIOA) and 
none-treated cells (NC) and between those treated with DMIOA and 
DMIOA + 10 μM of retinoic acid (RA) using Affymetrix GeneChip 
Chicken Genome Array containing 32,773 transcripts. Out of 3,004 
genes that were differentially expressed, 1,639 were overexpressed 
in DMIOA whereas 1,365 were overexpressed in NC. Out of 4,410 
detected genes, 2,018 were overexpressed in DMIOA and 2,392 
were overexpressed in DMIOA + RA. Transcripts overexpressed in 
DMIOA treated cells compared with NC are those involved in lipid 
metabolism (FABP 4 and 5, APOA1, ELOVL6) and cellular move-
ment (ABCC3, SOCS1), cell cycle (PDK4, C7, GCHFR) whereas 
genes overexpressed in NC include those involved in cellular move-
ment (BMP2 BMP6, CD9, CD39), cell cycle (IGF1, IL6, MYOM2) 
and cellular development (IGF1, IL16, LPL, MMP1, PTPRQ). 
Transcripts overexpressed in DMIOA treated cells compared with 
DMIOA+RA are those involved in lipid metabolism (FABP4, ENPP3, 
ELOVL1) cellular growth (AQP1, GPC1, FGF, TRPV6) and cellu-
lar development (ADAM-TS1, 2, 6, 12 and 13, CD44, C1QTNF3). 
Transcripts overexpressed in DMIOA+RA include those involved 
in lipid metabolism (APOA1, Smad, RARβ, CYP26A1, CYP24A1), 
cellular growth (CD38, ADA, AADAC, IL6, IL8), retinol biosyn-
thesis (RDH10, RBP5, LIPG, DHRS3) and Tumor Necrosis Factor 
(TNFAIP8L3, TNFSF13B). The results suggest that RA inhibits 
DMIOA induced adipogenesis in hen preadipocytes and the global 
transcriptome data of critical regulatory gene networks in this study 
provides an insight into molecular regulation of adipogenesis in 
laying hens.

Key Words: adipogenesis, laying hen, preadipocyte, retinoic acid

237   The effect of light spectrum on commercial laying hens 
maintained on floor pens. M. Baxter* and G. Bedecarrats, University 
of Guelph, Guelph, ON, Canada.

Light-emitting diodes (LED) are an efficient lighting source which can 
emit a pre-defined and stable spectrum. In poultry, longer wavelengths 
contain more energy and are more efficient in activating the reproduc-
tive axis. A previous study conducted on a strain of blind Leghorns 
maintained in cages indicates that the red spectrum is instrumental 
in triggering and maintaining egg-laying, independent of the retina. 
Thus, we designed an LED bulb that emits 60% red light. The pur-
pose of this experiment was to evaluate the effect of green, red and 
modified white light on behavior, stress, reproduction and growth in 
birds maintained on floor pens. We used 3 identical rooms each with 6 
floor pens, equipped with a perch, 3 nest-boxes and populated with 8 
Lohmann LSL-lite hens. Rooms were illuminated with pure red (662 
nm), green (524 nm) or modified white (60%red, 20%green, and 20% 
blue) light set to 10 lx at the hen’s level. Data was analyzed using an 
ANOVA model, determining interaction between measured parameters 
with a 2-way ANOVA. Differences were statistically significance at 
the 5% level. There was no significant effect of light treatment on egg 
production and cumulative egg numbers. Birds exposed to red light 
had higher level of estradiol around sexual maturation, suggesting 
red light is more effective at stimulating the reproductive axis. Birds 

under green light had a higher growth rate, with no difference in 
feed consumption, stress or activity levels between treatments. This 
supports previous studies that suggest green light stimulates growth. 
Initially, hens under green light were significantly more aggressive 
however after the 3rd week there was no significant difference between 
treatments. This indicates that aggression under these settings can be 
influence by light spectrum but decreases once a hierarchy system is 
established. In conclusion, in commercial layers maintained on floor 
pens, light spectrum may not have a significant effect on reproductive 
performance although hormonal patterns indicate that red light can 
effectively stimulate the reproductive axis. Furthermore, green light 
promotes body growth, and may promote aggressive behavior during 
the establishment of the pecking order.

Key Words: spectrum, reproduction, behavior

238   Cross reactivity of chicken myosin monoclonal antibody on 
duck embryo muscle. Y. Cheng*, M. Wick, and M. S. Lilburn, The 
Ohio State University, Columbus.

Myosin is the basic functional and structural unit of muscles. During 
embryogenesis and the first 3 weeks post-hatch in the chicken pecto-
ralis major (PM), myosin is temporally expressed as 5 developmental 
isoforms, Cemb1, Cemb2, Cemb3, Cneo and Cadult. These temporal 
expression events are likely associated with other temporal transcrip-
tion events controlling muscle development. The ontogeny of myosin 
isoform expression has been primarily studied in leghorn chickens 
with a few studies in broilers and turkeys. All of these studies have 
been conducted with breast muscle which has predominantly Type 
IIb muscle fibers. In the duck, there is a mix of fast (Type II) and 
slow twitch (Type I) fibers in the breast muscle. The objective of this 
study was to extract and isolate purified duck embryonic myosin and 
determine if it cross reacts with a monoclonal antibody developed for 
chicks. Twenty fertile duck eggs were obtained from a commercial 
producer (Maple Leaf Farms, Leesburg, IN). At d 17 of incubation, the 
pectoralis major breast muscle was dissected and homogenized in urea/
thiourea/SDS and resolved by SDS electrophoresis and transferred to 
nitrocellulose. A pan sarcomeric monoclonal antibody, NA4, was used 
in a western immunoblot analysis, thus confirming the immuno-cross 
reactivity of duck and chicken myosin. Thus, there is a likelihood of 
a high degree of myosin isoform sequence homology between duck 
and chicken. The results of this study suggest that we can move ahead 
in characterizing the ontogeny of the different myosin isoforms in 
ducks using previously validated monoclonal antibodies developed 
for the chick proteins.

Key Words: pectoralis major (PM), duck, myosin, isoforms, embryo

239   Influence of six different intestinal bacteria on turkey 
sperm motility in vitro. M. Triplett*, H. Parker, C. McDaniel, and A. 
Kiess, Mississippi State University, Mississippi State.

The turkey industry relies heavily on artificial insemination to con-
tinue and improve production. However, it has been shown in roosters 
that semen contaminated with bacteria reduce sperm motility. The 
Sperm Quality Index (SQI) is a quick method used to determine avian 
sperm motility. Therefore, the objective of this study was to determine 
if bacteria have an effect on turkey sperm motility by using the SQI. 
For the experiment, pooled neat semen was collected from Beltsville 
Small White Turkey toms. Six intestinal bacteria, Salmonella enterica, 
Escherichia coli, Campylobacter jejuni, Clostridium bifermentans, 
Bifidobacterium animalis and Lactobacillus acidophilus were grown 
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overnight in culture. For each bacterium, 2 treatments were made in 
which pooled semen was diluted 37 fold in either saline or a bacte-
rial pellet reconstituted in saline. Once the semen was exposed to 
the respective treatment, an SQI reading and pH were obtained. The 
experiment was repeated twice. In each treatment, 3 replicates were 
evaluated at each of 0, 10, and 20 min post inoculation creating a 
randomized complete block design with a split plot in time. The results 
indicated that there were no differences for SQI for Salmonella and 
E. coli. However, motility was reduced for all other bacteria. Bifido-
bacterium and Lactobacillus dramatically reduced the SQI compared 
with Campylobacter and Clostridium. In fact, both non-pathogenic 
bacteria reduced the SQI from 304 in the saline control to only 27 
for Bifidobacterium and 28 for Lactobacillus upon exposure to the 
reconstituted pellet (P = 0.027 and 0.033, respectively). For pH 
there were no differences for Salmonella, E. coli, Campylobacter, 
or Clostridium. Bifidobacterium and Lactobacillus reduced the pH 
from a neutral to an acidic environment, approximately 6.7 to 5.5 
(P = 0.026 and 0.01, respectively). In conclusion, 2 pathogenic and 
2 non-pathogenic bacteria were determined to reduce sperm motil-
ity. The non-pathogenic bacteria also created an acidic environment 
which may provide a mechanism that explains how motility of turkey 
sperm is reduced.

Key Words: turkey, sperm motility, bacteria, sperm quality index

240   Mucin 2 gene expression in the young poult. S. L. Loeffler*, 
M. Wick, and M. S. Lilburn, The Ohio State University, Columbus.

The poultry industry faces increased scrutiny relative to food safety 
and antibiotic resistance, which underscores the importance of under-
standing basic intestinal physiology as it relates to the bacteria-intestine 
interface. Intestinal mucin is a multimember protein family that is a 
component of the mucous layer lining the small intestine. Mucous 
provides a physical barrier to pathogenic bacteria adhesion and can also 
be used as a substrate for some microbial species. Mucin 2 (MUC2) is 
thought to contribute a protective role because this complex glycopro-
tein provides binding sites for beneficial bacteria. Therefore, MUC2 
expression is crucial to intestinal health. MUC2 has been sequenced 
and several PCR primers reported. The objectives of this study were 
to establish a positive PCR control, confirm the presence of MUC2 
and validate housekeeping genes GAPDH, 18S and 28S rRNA in the 
young poult. Total RNA was isolated from poult mucosa using TRIzol 
according to the manufacturer’s instructions with a slight modification. 
Mucosa samples, stored in −80C, were pulverized in liquid nitrogen 
then transferred to a cryovial in 1 mL of TRIzol reagent. Samples 
stored in RNAlater were placed directly into a cryovial in 1 mL of 
TRIzol reagent. The integrity of 18S and 28S rRNA was evaluated 
by agarose electrophoresis. Samples stored in −80°C yielded intact 
18S and 28S RNA bands, while samples stored in RNAlater yielded 
no visible RNA. We validated a positive PCR control using plasmid 
DNA and also validated primers for 18S, 28S rRNA, and GAPDH in 
the chicken. We are currently performing orthologous DNA analysis 
to determine suitable MUC2 and housekeeping primers for RT-PCR 
analysis in young poults. Results of these studies will increase our 
knowledge of the termporal expression of MUC2 as it relates to gut 
health in the poult.

Key Words: poult, mucin2, primers, mucosa, RT-PCR

241   Validation of dual-energy x-ray absorptiometry to deter-
mine body composition of feed restricted broilers. J. V. Caldas*, K. 

Vignale, J. A. England, S. B. Cerrate, and C. N. Coon, University of 
Arkansas, Fayetteville.

The purpose of present research was to validate dual energy x-ray 
absorptiometry (DEXA, Lunar Prodigy equipped with small animal 
software) for measuring body composition of feed restricted broil-
ers. Two trials were conducted using 81 feed restricted (85, 55, 38%) 
Cobb 500 male broilers, 28 d age ranging from 600 to 1300 g of 
body weight. In the first trial, the precision was tested by scanning 
21 birds 4 repeated times. The precision was highest for total body 
and lean mass followed by BMD and BMC and was the lowest for 
fat mass. The precision of the measurements was influenced by feed 
restriction. The ANOVA shows no difference between the repeated 
measures for any of the parameters, p value ≤0.05. In the second 
trial, 81 birds were scanned in a fresh and frozen state. Following 
the scan, broilers were autoclaved at 121°C, 22 psi, for 1.5 to 2.5 h. 
The carcasses were blended individually for 30 s. The homogenate 
was prepared for analysis of crude protein, fat, ash and water. Linear 
regression equations between DEXA and chemical parameters were 
established. The R2 for the equations to predict protein, fat, BMC 
and water were 0.96, 0.54, 0.77, 0.97 for fresh and 0.97, 0.63, 0.82, 
0.98 for frozen broilers, respectively. The equations from frozen 
scanning gave 0.09 better R2 for estimating carcass fat. The basis of 
the improvement may be related to a better configuration of fat tissue 
in the frozen state. All equations show statistical significance (P < 
0.0001*). The data for fresh and frozen conditions were subjected 
to least-squares ANOVA using procedures of the SAS (JMP v10 for 
SAS) for P-value ≤0.05. The results related to scanning condition 
displayed statistical differences for BMD and BMC. It is concluded 
that after proper methodological standardization and application of 
specifically determined regression equations DEXA can be used for 
estimating the body composition of chickens. However, the regression 
equations are strictly limited to one particular instrument, software 
version, and applied methodology.

Key Words: DEXA, body composition, broiler, feed restriction, 
validation

242   Effect of a dietary supplementation with a prebiotic (Fer-
macto), a probiotic (Lactobacillus acidophilus), and the treatment 
combination on production parameters in laying hens. D. Franco-
Jimenez*1,2, S. Murinda1, M. Rash1, and C. Ruiz-Feria3, 1California 
Poly Pomona, Pomona, 2Veterinarian, Edmonton, AB, Canada, 3Texas 
A&M University, College Station.

Ten weeks experiment was conducted to evaluate the effect of dietary 
supplementation with a prebiotic, a probiotic or the treatment com-
bination on productive performance of laying hens. A total of 224 
White layers of 40 weeks of age were randomly selected and assigned 
to cages and dietary treatment (2 birds/cage) with 16L:8D. At this 
time the birds were individually weighed, wing banded to allow 
detailed egg production records, and analysis of the traits described 
below (56 birds/treatment). The dietary treatments were as follow: 
Control (C) Layer diet, (corn-soy based diet); Prebiotic (Pe) Layer 
diet plus Fermacto (1.0 lb/ton feed); Probiotic (Po) Layer diet plus 
Lactobacillus acidophilus (1.0 lb/ton feed) at 2 billion organisms/g 
of powder; Mixed diet (M) Layer diet plus Fermacto (1.0 lb/ton of 
feed) and Lactobacillus acidophilus (1.0 lb/ton feed). The experiment 
was conducted under a completely randomized design during 75 d. 
Egg production records were collected to fully assess production 
potential. Egg production (EP), feed intake (FI), egg weight (EW), 
Haugh unit (HAU), shell weight (SW), yolk weight (YW), Albu-
men weight (AW), and specific gravity data (SG) were collected 
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over time and analyzed using repeated measures and Proc Mixed 
of SAS in a completely randomized design. The results showed not 
treatment effect on FI, but there was an increase on EP when Pe or 
Po were added to C diet (P < 0.05), but there were not differences 
for M treatment to C diet for EP. There was an increase for SW, SG, 
HAU, YW, AW and EW when Pe or Po were added to the diet (P < 

0.05), however for M treatment, SW, SG, HAU, AW, and EW were 
not different to C diet. These results indicate that the addition of 
either Pe or Po to C diet increase production parameters dramati-
cally, while the combination was not effective to increase production 
parameters on laying hens.

Key Words: lying hen, prebiotic, probiotic
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243   Effects of dietary amino acid density, fat and xylanase 
levels on broiler performance. C. B. V. Rabello*1,2, E. O. Oviedo-
Rondón1, M. J. da Costa1, W. Nogueira3, J. Barbosa4, and C. L. Wyatt5, 
1Prestage Department of Poultry Science, North Carolina State Uni-
versity, Raleigh, 2Unversidade Federal Rural de Pernambuco, Recife, 
Pernambuco, Brazil, 3Universidad Estadual Paulista, FVMZ, Jabo-
ticabal, SP, Brazil, 4Universidade Federal de Santa Maria, Santa 
Maria, RS, Brazil, 5AB Vista, Plantation, FL.

Dietary amino acid density (AA) and fat content may affect intestinal 
physiology and xylanase efficiency. A study was conducted to evalu-
ate the effects of AA, additional energy from fat post-pellet (FL), and 
xylanase levels (X) in corn-soybean diets with DDGS on broiler per-
formance. A total of 2,112 d-old male Ross 708 broilers were placed 
in 96 pens. The 16 treatments consisted of diets formulated with 2 AA 
densities (High and Low, 10% difference), 2 FL (0 and 100 kcal/kg ME) 
and 4 levels of X (0, 8000, 16000 and 32000 BXU/kg). Starter, grower 
and finisher diets were fed from 1 to 16, 17 to 35 and 36 to 49 d of age, 
respectively. BW gain (BWG), FI and FCR were obtained at 16, 35, 
42 and 49d of age. At 49d, 3 broilers were selected based on pen mean 
BW, carcass yield and cut up parts were evaluated. Data were analyzed 
as a CRBD with a 2 × 2 × 4 factorial design. An interaction between 
AA and X levels was observed from 1 to 16 and 1 to 35 d on BWG; 
broilers fed Low AA diets and 16000 BXU had similar BWG to those 
fed High AA diets. An interaction from 1 to 16 d was also observed 
between FL and X; xylanase was effective in bringing BWG of birds 
fed the low FL diet up to that of the high FL diet but was ineffective 
on increasing BWG on the high FL diet. Broilers fed High AA and 
additional FL were heavier than those fed Low AA and no additional 
FL, respectively, up to 49d. FI was only affected up to 16d. Broilers 
fed High AA and no additional FL diets had higher FI than the ones 
fed Low AA and additional FL, respectively. In all phases, broilers fed 
High AA and additional FL had better FCR than broilers fed Low AA 
and no additional FL, respectively. Furthermore, from 1 to 42 d, a 3 way 
interaction was observed. Broilers fed Low AA, 0 FL and 8000 BXU 
had FCR similar to the High AA diets. Broilers fed High AA diets had 
less abdominal fat pad and breast skin than broilers fed Low AA diets. 
Addition of X at 8000 and 16000 BXU decreased abdominal fad pad. 
In conclusion, decreasing 100 kcal/kg ME from fat or 10% AA can 
worsen broiler performance, but xylanase supplementation under the 
right circumstances can overcome these differences.

Key Words: amino acids, broiler, energy, fat, xylanase

244   Impact of feed enzymes and Bacillus on broiler perfor-
mance and small intestinal microbiota. M. Hruby*1, J. C. Remus1, 
A. Madisen2, and D. Petri2, 1Danisco Animal Nutrition, DuPont Indus-
trial Biosciences, St. Louis, MO, 2Animal & Environmental Applica-
tion, DuPont Nutrition & Health, Waukesha, WI.

Feed enzymes and direct-fed microbials have been reported to improve 
nutrient digestibility and affect the gut microbial ecosystem by shifting 
the balance of beneficial and harmful organisms. Despite mode of action 
differences, use of enzymes or direct-fed microbials have contributed 
to improved weight gain and/or feed efficiency in broilers. The objec-
tive of this work was to determine if the addition of a blend of single 
enzymes as xylanase, amylase and protease (EZ), a combination of 3 
specific Bacillus subtilis strains (DFM), or EZ + DFM combination to a 
feeding program improves performance and changes the gut microbiota 

of market broilers fed corn/soy/ddgs diets. In this 42-d floor pen study 
using a 3 phase feed program, 0% and 0.05% inclusion of EZ and 0% 
and 0.05% inclusion of DFM were tested in 2x2 factorial design. Each 
dietary treatment was replicated 8 times using 60 male Cobb 500 broiler 
chicks per pen. The litter was 50% new wood shavings and 50% litter 
from a previous study. At 15 d of age, 2 birds per pen were randomly 
selected and pooled for small intestine mucosal microbiota assessment. 
There were no differences in 42-d gain and feed intake between tested 
factors. Feed efficiency and caloric conversion were improved (P < 
0.001) by factors DFM and EZ, respectively, compared with non-feed 
additive inclusion, no interaction was present. On d 15 of trial, small 
intestine mucosa of DFM birds had a 13% increase in Lactobacillus (as 
a percentage of total lactic acid bacteria, tLAB) (P < 0.05) compared 
with birds without DFM supplementation. In contrast, Enterococcus, 
as a percent of tLAB, was 13% lower (P < 0.05) in birds with DFM 
compared with birds without DFM supplementation. No interaction or 
EZ effect was noted on small intestine mucosa microbiota. These results 
indicate that feed and energy conversion of broilers was improved due 
to the inclusion of DFM and EZ. However, gut microbiota was only 
affected by DFM.

Key Words: enzyme, DFM, broiler, combination, Lactobacillus

245   Influence of combinations of a direct-fed microbial and 
exogenous enzymes on the growth performance and feed efficiency 
of broilers. M. C. Walsh*1, L. F. Romero1, S. E. Indrakumar1, and 
V. Ravindran2, 1Danisco Animal Nutrition–DuPont Industrial Biosci-
ences, Marlborough, United Kingdom, 2Massey University, Palmer-
ston North, New Zealand.

A 42-d performance trial using 792 Ross 308 chicks was conducted to 
assess the effects of exogenous xylanase and amylase carbohydrases 
and protease in combination with a Bacillus subtilis direct fed microbial 
(DFM) on the growth and feed efficiency of broiler chickens. Day old 
chicks were administered a live coccidiosis vaccine via drinking water 
and assigned to one of 6 treatments with 6 replicate pens in a randomized 
block design. A 3x2 factorial arrangement of treatments was used. Three 
enzyme levels were: no enzyme, xylanase from Trichoderma reesei and 
amylase from Bacillus licheniformis (XA), or XA plus a protease from 
B. subtilis (XAP).Two levels of DFM were: no DFM, or a combina-
tion of spores from 3 strains of B. subtilis applied at 7.5 × 104 cfu/g of 
feed. Diets were based on corn, soybean meal, corn DDGS (7%), and 
wheat middlings (7–10%). Body weight (BW) gain, feed conversion 
ratio (FCR) and feed intake (FI) were measured weekly until 42 d. Data 
were analyzed through ANOVA. An interaction between enzymes and 
DFM was evident for BW gain to 42 d (P < 0.05). All the treatments 
containing DFMs had greater BW gain compared with the negative 
control (NC; no enzymes or DFMs) at 42 d. XAP alone increased BW 
gain compared with the NC diet (P < 0.05), but XA did not. The DFM 
exhibited an increase in BW gain of chickens from wk 1 onwards versus 
treatments without DFM (144 vs. 131 g), whereas XAP increased BW 
gain compared with the NC only after 28 d. DFM increased FI until 28 
d, while neither XA nor XAP exhibited main effects on FI. Nonetheless, 
both XA and XAP reduced FCR from 28 d (P < 0.05), and only XAP 
reduced FCR from 0 to 42 d as a main effect (P < 0.05). DFM did not 
affect FCR and no interactions on FCR were present. DFMs increased 
feed intake and growth of young chickens, presumably due to effects 
on the gut health status, whereas enzymes increased feed efficiency, 
particularly in older broilers.
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246   Influence of combinations of a direct-fed microbial and 
exogenous enzymes on nutrient digestibility in broilers at 11 and 
21 days of age. L. F. Romero*1, S. E. Indrakumar1, and V. Ravindran2, 
1Danisco Animal Nutrition–DuPont Industrial Biosciences, Marlbor-
ough, United Kingdom, 2Massey University, Palmerston North, New 
Zealand.

Two studies with 11-d-old and 21-d-old Ross-308 male broilers evalu-
ated the digestibility of nutrients in response to dietary combinations 
of xylanase, amylase, protease and a B. subtilis direct-fed microbial 
(DFM). Day old chicks were administered a live coccidiosis vaccine and 
assigned to 1 of 6 dietary treatments with 8 replicate cages and 8 birds 
per cage. Four chickens per cage were randomly selected at 11 d and 21 
d for collection of ileal digesta samples. A 3 × 2 factorial arrangement 
was used. Three enzyme levels were: 1) no enzyme, 2) xylanase from T. 
reesei and amylase from B. licheniformis (XA), or 3) XA plus protease 
from B. subtilis (XAP). Two levels of DFM were: 1) no DFM, or 2) 
a combination of spores from 3 defined strains of B. subtilis (DFM). 
Diets contained corn, soybean meal, corn DDGS, and wheat middlings. 
Apparent ileal digestibility of energy and protein were measured at both 
11 and 21 d using TiO2 (0.3%) as marker. Ileal digestibility of fat and 
starch, and AMEn (total collection) were evaluated only at 21 d. Data 
were analyzed with ANOVA. At 11 d, a main effect of enzyme was pres-
ent for ileal digestible energy (IDE), where XA and XAP increased IDE 
by 118 and 128 kcal/kg DM compared with treatments without enzymes. 
No effects on protein digestibility and no interactions were detected 
at 11 d. At 21 d, main effects of enzymes and DFM were detected on 
IDE and AMEn with increments on digestibility for both enzymes and 
DFM versus unsupplemented diets, with no interactions present. Ileal 
protein and fat digestibility was affected only by enzymes at 21 d (P < 
0.05), whereas starch digestibility was affected by DFMs, enzymes, and 
exhibited an interaction (P < 0.05). Interestingly, the DFM + XAP treat-
ment increased IDE by 152 kcal/kg DM, but only 110 kcal/kg DM were 
explained by increments in the digestibility of starch, fat and protein, 
suggesting an effect on fiber disappearance, which was subsequently 
confirmed by evaluation of NSP digestibility. These enzymes and DFM 
may have complementary effects on nutrient digestibility in broilers.

Key Words: Bacillus, broiler, digestibility, direct-fed microbial, enzyme

247   Effect of dried distillers grain with solubles (DDGS) and 
rye on growth performance and gut health of broilers as affected 
by enzyme supplementation. F. Yan*, J. Dibner, M. Vazquez-Anon, 
and C. Knight, Novus International Inc., St. Charles, MO.

A study was conducted to evaluate effect of high levels of DDGS and 
rye on growth performance and gut health of broilers as influenced by 
a nonstarch polysaccharides (NSP) degrading enzyme blend (Cibenza 
CSM, Novus International Inc.). The study consisted of 8 treatments: 
corn soy control (T1), T2 = T1+30% DDGS, T3 = T1+16% corn bran, 
T4 = T1+38% rye, T5 = T4+enzyme, T6 = T1+25% rye, T7 = T6+30% 
DDGS, and T8 = T7+enzyme. Corn bran at 16% provided the same 
level of crude fiber as that contained in 30% DDGS. Each diet was fed 
to 8 replicate floor pens of 21 male broilers. Body weight, feed intake, 
FCR, and mortality were determined at 19, 35, and 42 d. Serum α-1 acid 
glycoprotein and uric acid on d 14, ileal Clostridium perfringens (Cp) on 
d 28, and digesta viscosity on d 43 were measured. Data were analyzed 
by one way ANOVA and statements of significance were based on P 
< 0.05. Incorporation of 30% DDGS to corn soy diets decreased body 
weight at d 19 and 35 and increased FCR throughout the trial, whereas 

birds fed diets containing 16% corn bran performed equally or better, 
suggesting fiber might not be a critical factor in limiting high levels of 
DDGS in broiler diets. Inclusion of 30% DDGS in diets containing 25% 
rye did not significantly affect performance of broilers. Birds fed diets 
containing 25% rye weighed less and had higher FCR; increasing rye to 
38% did not further worsen growth performance. Enzyme significantly 
improved weight gain and FCR throughout the trial when it was added to 
diets containing 38% rye; it significantly increased body weight at d 19 
and improved FCR throughout the trial when added to diets containing 
25% rye and 30% DDGS. Rye inclusion increased digesta viscosity and 
enzyme addition significantly reduced it. Mortality at 35 or 42 d was 
significantly correlated with both digesta viscosity and ileal Cp level. 
In summary, high levels of DDGS and rye were detrimental to broiler 
performance and NSP degrading enzymes improved growth performance 
and gut health of broilers when rye was present.

Key Words: broiler, gut health, enzyme, distillers grain, rye

248   Evaluation of a thermo-tolerant xylanase against multi-
NSP enzymes in commercial based diets. T. W. York*1, C. L. Wyatt1, 
S. Virden2, and T. J. Frost3, 1AB Vista, Plantation, FL, 2Buffalo-Warren 
Co., Atlanta, GA, 3Wayne Farms, LLC, Oakwood, GA.

Multi-enzyme products are reportedly optimized to combat the chal-
lenges of modern broiler diets which contain higher percentages of 
DDGS (arabinoxylans and cellulose) and animal proteins. The objec-
tive of this study was to evaluate the performance of a thermo-tolerant 
xylanase enzyme (Econase XT), against NSP products composed of 
multiple enzymes in a commercial diet containing corn, soy, DDGS 
and animal protein. Ross 708 × Hubbard M99 male broilers were 
randomly divided into 5 treatments with 8 pens per treatment and 20 
birds per pen. Experimental treatments consisted of a positive control 
(PC) diet, a negative control (NC) diet (ME reduced 88 kcal/kg) and 
the NC diet with the inclusion of 3 NSP enzymes, fed according to 
each manufacturer’s recommendation. The 3 NSP products compared 
were a thermo-tolerant xylanase (NSP-X), an amylase, xylanase and 
protease based product (NSP-XAP) and an α galactosidase + xylanase 
based product (NSP-XG). Experimental diets were fed ad libitum in 4 
phases (starter, grower, finisher and withdrawal) to 60 d of age. Feed 
intake (FI), body weight gain (BWG), and feed conversion adjusted 
for mortality (FCR) and body weight (awtFCR) were recorded at 42 
and 60 d of age. Reducing the ME in the NC diet decreased animal 
performance by increasing FCR and awtFCR compared with the PC at 
both d 42 and 60 (P < 0.001). Birds fed the NSP-X and NSP-XG diets 
resulted in FCR (d 42 and 60) and awtFCR (d 42) equal to the PC fed 
birds with the NSP-XAP being intermediate and not significantly dif-
ferent from the NC group (P < 0.001). At d 60, however, the awtFCR 
for the NSP-X treatment resulted in equal performance to the PC with 
both the NSP-XG and NSP-XAP treatments being intermediate and not 
significantly different from the NC (P < 0.001). Although not significant, 
awtFCR between the 3 NSP enzymes were separated by 0.06 pts at d 
60. The results from this experiment demonstrated the biggest response 
in performance came from the pure xylanase with no advantage for the 
multi-enzyme products when fed in today’s modern commercial diets.

Key Words: xylanase, multi-enzyme, broiler, feed efficiency

249   Energy-sparing effect of non-starch polysaccharide 
degrading enzymes blend in laying hens fed either corn-SBM or 
wheat-SBM based diets. M. K. Manangi*, J. Lunnemann, N. Odetal-
lah, R. Buresh, and M. Vazquez-Anon, Novus International Inc., St. 
Charles, MO.
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An 8-wk (69 to 77 wk of age) trial was conducted to evaluate the 
energy sparing effect of non-starch polysaccharide (NSP) multi-
enzyme blend (2000U endo-xylanase, 75U endo-β-glucanase and 25U 
α-galactosidase/g of product; Cibenza CSM feed additive) in laying 
hens fed iso-nitrogenous corn-SBM and wheat-SBM based diets with 
varied AMEn levels. A total of 216 Hy-Line W-36 laying hens were 
assigned to 6 treatments with 36 cages/treatment and 1 hen/cage. The 
data were analyzed using both 1-way ANOVA (for all 6 treatments) 
and 2x2 factorial design with 2 diets (corn-SBM vs. wheat-SBM) and 
2 energy levels (0 and 80kcal/kg diet reduction). The treatments con-
sisted of: Corn-SBM diet, T1 (2820kcal); T1 less 80kcal, T2; T2+0.05 
NSPases blend, T3; Wheat-SBM diet, T4 (2820kcal); T4 less 80kcal, 
T5; T5+0.05% NSPases blend, T6. Measurements included were weight 
gain, cumulative (c) feed intake (FI), cFCR on egg mass, egg production, 
egg weight and viscosity (jejunal and ileal). Reduction of 80kcal reduced 
(P < 0.05) weight gain in wheat based diets (T5) compared with T4, 
while supplementation of NSPases (T6) brought back the performance 
that was similar (P > 0.05) to +ve control (T4). FI was reduced and FCR 
on egg mass improved (P < 0.05) in hens fed diets supplemented with 
NSPases (T3 and T6) compared with their respective –ve controls (T2 
and T5) and further these variables were either the same (P > 0.05) or 
better than their respective +ve controls (T1 and T4). Viscosity for T6 
was reduced (P < 0.05) compared with T4 and T5 and was similar to 
T1, T2, and T3 (P > 0.05). Factorial output indicated an improvement 
in weight gain (by 28g), FCR (by 13 points) and FI (5g less) for hens 
fed NSPases compared with non-NSPases fed groups (enzyme effect, 
P < 0.05). Supplementing wheat based diets increased weight gain by 
26g, reduced FCR efficiency by 12 points, and increased FI by 5g/d 
compared with hens fed corn based diets (diet effect, P < 0.05). In sum-
mary, NSP enzymes could spare 80kcal/kg diet in laying hens without 
compromising production and FCR irrespective of diets tested while 
reducing intestinal viscosity in wheat based diets.

Key Words: layer, corn, wheat, NSPase

250   Performance of laying lens from 22 to 40 weeks-of-age: 
Effects of supplementing a sorghum-soybean meal-(corn) DDGS 
diet that is low in energy and available phosphorus with an enzyme 
complex containing non-starch polysaccharide (NSP) enzymes 
and a 6-phytase. C. Soto*1, F. Rosas1, M. Forat2, V. Navarro2, R. B. 
Shirley3, and V. Brito4, 1Adisseo de México S.A. de C.V., Guadala-
jara, Jalisco, México, 2Instituto Internaciónal de Investigación Animal 
S.A. de C.V., Querétaro QRO, México, 3Adisseo USA, Alpharetta, GA, 
4Euronutec Premix, Querétaro QRO, México.

The following layer trials evaluated the production benefits of Rovabio 
Max (RM; a complex of 19 carbohydrases plus a 6-phytase), when 
supplemented into sorghum-SBM-(corn) DDGS diets. Experiment 1: 
320 Hy-Line W36 hens were fed a nutritionally adequate positive con-
trol (PC) diet without RM (T1), a reformulated PC with –100 kcal/kg 
ME and −0.15% aP without (T2) or with the addition of RM (T3), or a 
reformulated PC with –80 kcal/kg ME, −1.5% amino acids, −0.15% aP 
and RM (T4). Experiment 2: 288 Hy-Line W36 layers were fed a nutri-
tionally adequate PC diet without any enzyme (T1) or a reformulated 
PC diet with –95 kcal/kg ME and −0.20% aP without any enzyme (T2), 
with RM (T3) or with a multi-enzyme cocktail from Aspergillus niger 
that contained a phytase and 6 other carbohydrases (T4). Experiment 
1: Daily feed intake (DFI; g/day) was higher (P < 0.05) in T3 (86.4) 
than T1, T2 and T4 (85.7, 85.5 and 85.7). Feed conversion ratio (FCR) 
was significantly higher for T2 and T3 (1.72 and 1.72) compared to T1 
(1.64); T4 was similar to T1-T3 (1.66). Egg production % (EP) was 
significantly lower for T2 and T3 vs. T1 (89.0 and 90.1 vs. 92.4); T4 

was similar to T1 and T3 (92.2). Egg mass (EM; grams/egg) for T2 
(50.2) was significantly lower than T1 and T4 (52.6 vs. 51.9), but the 
same as T3. No differences were detected in egg weight (EW), weight 
gain (WG), average daily weight gain, shell micro-fractures or broken 
egg % among treatments. Experiment 2: EP for T2 was lower (P < 0.05) 
than T1 (74.8 vs. 79.0); there was no difference between T1, T3 and T4. 
The EM of T1 and T3 (42.3 and 42.5) were significantly higher than T2 
(39.6); T1, T3 and T4 did not differ. FCR for T2 and T4 (2.17 and 2.10) 
were significantly higher than T1 and T3 (2.00 and 2.01). No statistical 
differences in DFI, EW, micro-fractures, broken-egg %, or yolk color 
were detected. These results demonstrate the benefits of supplementing 
lower energy and aP layer diets with Rovabio Max.

Key Words: available phosphorus, carbohydrase, laying hen, phytase, 
metabolizable energy

251   Evaluation of a new generation phytase on phytate phos-
phorus release for egg production and tibia strength in hens fed 
a corn-SBM diet. S. R. Fernández*2, E. Avila1, L. Ortega1, S. Chár-
raga2, and E. Rosales2, 1Universidad Nacional Autónoma de México, 
México City, México, 2DSM Nutritional Products México, El Salto, 
Jal, México.

To test the effect of several inclusion levels of Citrobacter braakii (CBP) 
phytase (Ronozyme HiPhos), on phytate P (PP) release, 420 50-wks-
old-Bovans White hens were randomly allocated to 7 treatments with 
5 replicates of 12 hens each. The hens were housed in an experimental 
open hen house with curtains. Feed and water were provided ad libitum. 
The experimental period lasted 12 weeks, first 8 weeks for adaptation 
and 4 last weeks for data collection. Treatment 1 was a basal corn-SBM 
diet deficient only in non-phytate P (NPP); 0.12%; Treatments 2 and 3 
were added with constant increases of 0.11% inorganic P, to get a linear 
hen response to P addition. Treatments 4 to 7 were the addition of 300, 
600, 1,200 and 1,800 phytase units (FYT)/kg to the basal diet. Data was 
analyzed as a CRD. The results from treatments 1 to 3 were analyzed by 
a regression model to test for a significant linear response (P < 0.05). 
Then for every level of CBP added (treatments 4 to 7) the linear regres-
sion equation was solved to find out the equivalent value of released P. 
Egg production (EP), feed intake (FI), and feed efficiency (FE) showed 
no significant differences (P > 0.05) for treatments 2 to 7, only vs. TRT 
1 (P < 0.05). Eggshell strength (ESS) was not affected (P > 0.05) by 
treatment. Following the significant (P < 0.001) linear response equa-
tions for Tibia strength (TS), kg/cm2 (Y = 28.16X + 17.42, R2 = 0.84), 
Tibia Ca (TC), % (Y = 11.6X + 14.2 R2 = 0.80), Tibia P (TP), % (Y = 
11.6X + 6.1, R2 = 0.81) and T ash (TA) (Y = 33.3X + 38.1 R2 = 0.80). 
Under the experimental conditions of the present trial, EP, FI, FE, and 
ESS were not a sensitive parameter to measure P release, whereas, tibia 
parameters showed the following average P release values per level of 
CBP inclusion in the corn-SBM diet; 300 FYT/kg = 0.099%, 600 FYT/
kg = 0.141%, 1,200 FYT/kg = 0.182%, and 1,800 FYT/kg = 0.198%.

Key Words: Citrobacter braakii, hen, phytase, phosphorus

252   Evaluation of an enzyme complex in broiler diets based 
on sorghum, soy bean meal and corn dried distillers grains with 
reduced metabolizable energy levels. A. E. López Aguilar*1, J. 
C. Remus1, C. Kromm1, E. Ávila González2, and J. Arce Menocal3, 
1DuPont Animal Nutrition, Mexico City, Mexico, 2Centro de Ense-
ñanza, Investigación y Extensión en Producción Avícola FMVZ-
UNAM, Tlahuac, Mexico City, Mexico, 3Universidad Michoacana de 
San Nicolas de Hidalgo FMVZ, Mexico.
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The objective of this study was to evaluate performance and carcass yield 
of broilers fed sorghum, soybean meal and corn dried distillers grains 
(DDG) diets with different metabolizable energy (ME) levels with or 
without multi-enzyme complex (EN) containing endo-1,4-β-xylanase 
(600 units/g from T. longibrachiatum), subtilisin protease (8000 units/g 
from B. subtilis) and α-amylase (800 units/g from B. amyloliquifaciens). 
1800 Ross 308 male chicks were randomly distributed in a 3 × 2 design 
with 6 replicates of 50 birds each for this 46 d trial. Three base diets, 
differing in ME, were fed w/wo EN. Treatments (trt) were: 1) Control, 
2) trt 1 less 70 kcal/kg, 3) trt 1 less 140 kcal/kg, 4) trt 2 + 500 g EN/t, 
5) trt 3 + 500 g EN/t, 6) trt 1 + 500 g EN/t. Diets were formulated to 
meet broiler nutrient needs (NRC, 1994) with the exception of AME for 
trts 2 to 5. Mash feed was used during 3 feeding stages: 1–21, 22–35 
and 36–46 days. Performance and mortality were measured weekly and 
at 46 days. At 46 days, 4 birds per replicate were used (24 birds per 
trt) for percentage boneless breast and abdominal fat vs. body weight 
assessment. Means were analyzed using a repeated measures design, 
with weeks of age as time variable and the results of breast and fat pad 
as percentage vs. body weight. Variance analyses was run, and mean 
comparison was done using Fisher LSD. Software was StatSoft Statistica 
6.0, 2003. Bird performance was lower (P < 0.01) with reduced energy. 
Enzyme use improved weight and FCR (P < 0.01). Main effect differ-
ences (P < 0.01) were observed for weight, gain and FCR due to diet 
and product. Breast yield and fat pad decreased (P < 0.01) with reduced 
diet energy. With EN use, birds at all 3 ME levels had improved breast 
yield (P < 0.01). Under the stated conditions, beneficial effects of an 
EN complex were observed on broiler weight, FCR and breast yield.

Key Words: multi-enzyme complex, broiler, sorghum, corn-DDG, 
breast-yield

253   NSP degradating capacity of commercial xylanases on corn 
diet in broilers and piglet ileal digesta. N. R. Pedersen*1, P. Schim-
ler1, I. Knap2, and D. Pettersson1, 1Novozymes A/S, Bagsværd, Den-
mark, 2DSM Nutritional Products, NP Innovation Animal Nutrition & 
Health, Basel, Switzerland.

To evaluate if enzyme effects are species related, the hydrolytic effect 
of 6 commercial xylanase products on ileal content of broilers and 
swine fed on a corn-soya diet were examined. Digesta from ileum was 
collected from 10 piglets sacrificed 15 d and from 60 broilers sacrificed 
after 27 d of feeding on a corn-soy diet. Samples from each species 
were pooled, freeze-dried and used as substrate. After hydrolyses of the 
arabinoxylans in the diet by the NSP enzymes, released soluble xylose 
oligomers, after acid hydrolyses were detected spectrophotometrically. 
All treatments were performed in triplicate. Comparison of means was 
performed by Tukey-Kramer HSD test using JMP 9.02. In poultry 
digesta, a multicomponent product from Trichoderma and Penicillium 
species and a xylanase-β-glucanase product had significantly higher 
hydrolytic activity (P < 0.05) when compared with the control. The 
increase in relative soluble xylose was 15% for the Trichoderma, 31% 
for the Penicillium and 42% for the xylanase-β-glucanase products. The 
monocomponent Trichoderma reesei and a triple enzyme product did 
not significantly hydrolyse the arabinoxylan. Using piglet digesta, both 
Trichoderma products showed significant capacity for hydrolysing the 
arabinoxylan (P < 0.05) when compared with the control (59 and 73% 
increase in relative soluble xylose). The multicomponent enzyme from 
Penicillium species, the xylanase-β-glucanase and the triple enzyme 
products had no hydrolytic effect. These results indicate that the effects 
of the enzymes are species related. The response on digesta varied 
from no effect compared with the control to significant hydrolysis. The 
multicomponent Trichoderma product showed significant hydrolys-

ing capacity in broilers (15% increase in relative soluble xylose) and 
piglets (75% increase in relative soluble xylose). The monocomponent 
Trichoderma product showed significant effect only on piglet digesta 
(P < 0.05), whereas the xylanase from Pencillium species and the 2 
component enzyme preparation showed significant effects only on 
broiler digesta (P < 0.05). The triple enzyme product did not show any 
significant effect on either species.

Key Words: xylanase, corn, soy, piglet, broiler

254   Effect of enzymatic complex on growth performance of 
boilers at different dietary levels of wheat. S. Naveed*1, I. Ahmed1, 
T. N. Pasha1, A. Mahmud1, Y. A. Ditta1, and A. K. Khan2, 1University 
of Veterinary and Animal Sciences, Lahore, Punjab, Pakistan, 2Uni-
versity of Agriculture, Faisalabad, Pakistan.

A study was conducted to determine the effect of enzymatic complex 
(xylanase, phytase, β-glucanase, amylase, protease, pectinase and 
cellulase) on broilers performance at different dietary levels of wheat 
to enhance the availability of nutrients by breakdown of non-starch 
polysaccharides for a period of 35 d. A total of 525 Hubbard day-old 
chicks were procured from locally renowned hatchery. These chicks 
were divided into 7 treatments; each was further divided into 5 replicates 
having 15 birds in each. Seven types of isocaloric and isonitrogenous 
feeds were prepared viz. A, B, C, D, E, F and G. Feed A was categorized 
as control diet (corn soy based). Diets B, C, D, E, F and G were formu-
lated with different levels of wheat replacing corn with same level of 
soybean meal. Feed B, D and F were formulated containing 15%, 20% 
and 25% wheat without supplementation of exogenous enzymatic com-
plex respectively. Feed C, E and G were formulated containing 15, 20, 
and 25% wheat supplemented with 0.02% enzymatic complex respec-
tively. The data were analyzed using one-way ANOVA technique in 
CRD using SAS 9.1. It was found that the supplementation of enzymatic 
complex improved (P < 0.05) body weight gain, feed conversion ratio, 
relative weight of organs and intestinal length. There was a significant 
decrease (P < 0.05) in feed intake because of xylan in the wheat and 
in mortality by the decrease in vent pasting. The enzymatic complex 
improved the body weight and feed conversion ratio by degrading non-
starch polysaccharides which were otherwise, not digested by birds due 
to absent of microflora.

Key Words: enzymatic complex, Hubbard, isocaloric, isonitrogenous 
and wheat

255   Association of different carbohydrases and phytase in diets 
for broilers. C. Meneghetti, A. G. Bertechini*, E. J. Fassani, H. V. 
Ribeiro, and B. R. F. Nogueira, Universidade Federal de Lavras, 
Lavras, Minas Gerais, Brazil.

Two experiments were conducted to evaluate the effects of differ-
ent carbohydrases (1-α-amylase, 200 kNU+β-glucanase, 350 FGB, 
2-α-galactosidase, 35 U/g, galactomannanase, 110 U/g, xylanase, 1500 
U/g +β-glucanase, 1100 U/g and 3-xylanase, 12,200 U/g+β-glucanase, 
1,250 U/g and phytase 10,000 FTU/g) in corn/soybean meal based diets 
for broilers. In experiment 1, a total of 2160 male chicks Cobb 500 were 
randomly assigned to 72 floor pens, with 9 treatments and 8 replicates 
on a 3-stage feeding program (1–21 d, 22–35 d, and 36–42 d). Treat-
ments were (1) positive control diet-PC, (2) negative control 1-NC-1 
(−100 kcal/kg of AMEn, −3% of Met, Lys, and Thr, and −0.12% of Av 
P and Ca), (3) negative control 2-NC-2 (−150 kcal/kg of AMEn, −3% 
of the same amino acids, and −0.12% Av P and Ca, (4) NC-1+phytase 
(50g/t)+carbohydrase 1(300g/t), (5) NC-1+phytase (50g/t)+carbohydrase 
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2 (200g/t), (6) NC-1+ phytase (50g/t)+carbohydrase 3 (100g/t), (7) 
NC-2+phytase (50g/t)+carbohydrase 1 (300g/t), (8) NC-2+phytase 
(50g/t)+carbohydrase 2 (200g/t), (9) NC-2+phytase (50g/t)+ carbohy-
drase 3 (100g/t). Performance and carcass characteristics were evalu-
ated. At 41 d of age, 2 birds per replicate were slaughtered to obtain 
carcass yields and fat pad. In experiment 2, 5 birds of 14 and 35 d of 
age, from each experimental unit from experiment 1, were relocated in 
72 metabolism cages for energy balance studies (14–21 d and 35–42 
d). In the period 1–21 d, NC-1+phytase+carbohydrase 1 (4) showed a 
similar result to the positive control for WG and FCR. The feed intake 

was not affected (P > 0.05) by treatments all time. There was recovery 
of WG compared with positive control with the phytase+ carbohydrase 
1 (4) and phytase+carbohydrase 3 (6) from 1 to 41 d. All treatments 
with NC-2 did not recover the WG of the positive control in total phase 
(1 to 41 d). All carbohydrases supplemented diets on NC-1 recovered 
100 kcal of AMEn/kg diet during 14–21d phase only. Carcass yield 
and fat pad were not affected (P > 0.05) by treatments. The enzymes 
combination in this study was unable to recover the performance and 
AMEn determined by the dietary reduction of 150 kcal/kg of AMEn.

Key Words: broiler performance, enzyme, metabolizable energy
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Behavior and Well-Being

P256   Comparison of hen welfare and egg quality in cages and 
pens. J. L. Campo*, R. Cabezas, and O. Torres, Instituto Nacional 
Investigacion Agraria y Alimentaria, Madrid, Spain.

The objective of this study was to compare the welfare and the external 
and internal quality of eggs from hens housed in cages or pens. The hen 
welfare was evaluated using 2 traditional (tonic immobility duration 
and heterophil to lymphocyte ratio) and 3 novel indicators (incidence 
of eggs with pink shells, brown spotted shells, or internal inclusions). 
The external egg quality was analyzed for specific gravity, incidence 
of cracked and dirty eggs, shell color, egg weight, and shape index, 
whereas the internal egg quality was analyzed for yolk color and Haugh 
units. Cages were half-way between conventional and enriched cages. 
Four different breeds (white-, tinted-, brown-, and dark brown-shell 
egg layers), and a total of 240 hens and 760 fresh eggs were sampled. 
A repeated measures ANOVA was used. Tonic immobility duration, 
heterophil to lymphocyte ratio, and percentages were transformed to 
logarithm, square root, and arcsin square root, respectively. There was 
no significant housing system by breed interaction for any welfare 
indicator and incidence of dirty eggs. The effect of the housing system 
on tonic immobility duration and incidence of brown spotted shells was 
significant (P < 0.05), with values being shorter (152 vs. 221 ± 17 s) 
and higher (23 vs. 10 ± 1%) in hens housed in cages. Interaction was 
significant for specific gravity, incidence of cracked eggs, shell color, 
yolk color, Haugh units, egg weight, and shape index. Eggs from hens 
housed in cages had significant darker shell color in all breeds, higher 
Haugh units in 3 breeds, higher specific gravity in 2 breeds, and lower 
incidence of cracks and egg weight, and higher egg shape in one breed. 
Mortality percentage was similar in both systems, being lower than 3%. 
In conclusion, results for hen welfare were not consistent across welfare 
indicators, and cages were better than pens for shell color, shell strength, 
and Haugh units, although differences were not consistent across breeds.

Key Words: housing system, welfare, stress, egg quality, layer

P257   The effect of perch availability during pullet rearing and 
egg laying on musculoskeletal health of caged White Leghorn 
hens. P. Y. Hester*1, S. A. Enneking1, B. K. Haley1, H. W. Cheng2, 
M. E. Einstein1, and D. A. Rubin3, 1Purdue University, West Lafayette, 
IN, 2USDA-ARS, West Lafayette, IN, 3Illinois State University, Normal.

A major skeletal problem of conventionally caged hens is increased 
susceptibility to osteoporosis mainly due to lack of exercise. Osteopo-
rosis is characterized by a progressive decrease in mineralized structural 
bone. Whereas considerable attention has been given to enriching laying 
cages, little research has been conducted on providing caged pullets with 
furnishments, in particular perches. The objective of the current study 
was to determine if metal perches during all or part of the life cycle of 
White Leghorns affected hen musculoskeletal health, especially at end 
of lay. Treatments during the pullet phase (hatch to 16.9 wk) entailed 
cages with and without perches. Four treatments were used during the 
laying phase (17 to 71 wk of age). Treatment 1 chickens never had 
access to perches at any point during their life cycle, typical of egg 
industry practices in the United States for conventional cages. Treat-
ment 2 chickens had access to perches only during the egg laying phase 
which was from 17 to 71 wk of age. Treatment 3 chickens had access to 
perches only during the pullet phase (0 to 16.9 wk of age). Treatment 4 
chickens had perch access throughout their entire life cycle (0 to 71wk 
of age). Musculoskeletal health was assessed by measuring muscle 

weights, bone mineralization, bone fracture incidence, and keel bone 
deviations. Muscle deposition of 71-wk-old hens increased when given 
access to perches as pullets. Bone mineralization of 71- wk-old hens also 
increased if given perch access as adults. However, the disadvantage 
of the adult perch was the higher incidence of keel deviations and keel 
fractures at end of lay with breaks of the keel in cages with perches at 
92 ± 2%a and without perches at 83 ± 2%b (P = 0.009). The increase in 
bone mineralization of the keel bone as a result of perch access during 
the pullet and laying phases was not great enough to prevent a higher 
incidence of keel bone fractures at end of lay. Perch re-design and 
placement of perches within the cage to minimize keel fractures and 
deviations are possible solutions.

Key Words: osteoporosis, bone mineralization, perch, keel fracture, 
muscle deposition

P258   The effect of perch access during pullet rearing and egg 
laying on physiological parameters of caged White Leghorn hens. 
F. F. Yan*1, P. Y. Hester1, S. A. Enneking1, and H. W. Cheng2, 1Purdue 
University, West Lafayette, IN, 2USDA-ARS, West Lafayette, IN.

Egg laying strains of chickens have a strong motivation to perch. Perch 
use by chickens in pullet cages has received little attention. The objective 
of this study was to determine the effect of perch access during all or 
part of life cycle on physiological homeostasis in caged White Leghorns. 
Hy-line W36 chickens with or without perch access during pullet rearing 
were randomly assigned to 1 of 4 treatments with 9 replicates per treat-
ment at 17 wk of age. Treatment 1 chickens never had access to perches 
during their life cycle. Treatment 2 chickens had access to perches only 
during the pullet phase (hatch to 16.9 wk of age). Treatment 3 chickens 
had access to perches only during the egg laying phase (17 to 71 wk of 
age), and treatment 4 hens always had access to perches during their 
entire life cycle (hatch to 71wk of age). Each laying cage provided 439 
cm2, 16.9 cm, and 8.4 cm of floor space, perch space, and feeder space 
per hen, respectively. Plasma catecholamines [epinephrine (EP), nor-
epinephrine (NE), and dopamine (DA)], corticosterone (CORT), blood 
serotonin, tryptophan, and right adrenal weights were measured at 71 
wk of age. The design of the experiment was completely randomized 
using a 2 × 2 factorial arrangement in which the presence or absence of 
the perches within the pullet or laying cages were the main plots. The 
mixed model procedure of the SAS Institute was used to analyze the data. 
Levels of EP, NE, DA, CORT, serotonin, and tryptophan, as well as EP/
NE ratios and adrenal weights of 71-wk-old hens were not affected by 
perch access during the laying phase or by prior experience to perches 
as pullets. These results suggest that installation of perches in conven-
tional cages does not affect the stress response in White Leghorn hens.

Key Words: perch, catecholamine, serotonin, corticosterone, chicken

P259   Influence of perching on keel bone deformities in laying 
hens. P. Regmi* and D. M. Karcher, Michigan State University, East 
Lansing.

Perches are provided in modern hen housing systems for laying hens to 
fulfill their behavioral needs. However, higher incidences of keel bone 
deformities have been associated with the use of perches in the aviary 
and free-range housing systems. The aim of this study was to analyze 
the association of perching with the incidence of keel bone deformities 
in laying hens. Three hundred ISA White Shaver hens at 16 weeks of 
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age were housed in groups of 10 across 30 individual pens provided 
with a flat perch and an alighting rail in front of the nest box. At 18 
weeks of age, each hen was marked with livestock marker for individual 
identification on the video. A total of 211 birds had behavioral data 
available from video recordings taken at 21, 24, 28, 32, and 37 weeks 
of age. Birds were observed the first 10 min following lights coming 
on to identify whether or not they used perch during the night. Each 
bird that was observed using perch consistently for 3 or more occasions 
was used for data analysis. Beginning at 37 weeks of age, birds were 
transferred to cages and palpated once a month for 3 mo for assessment 
of keel bone deformities. Keel was scored as ‘0’ or ‘1’ based on absence 
or presence of any kind of deformities (indentations, twists or fractures). 
After the third round of palpation, 40 birds were euthanized and the keel 
bone collected for the validation of palpation results. Chi-squared test 
of independence indicated a highly significant (P < 0.0001) association 
of perching behavior and the occurrence of keel deformities. The results 
suggest that perches can be highly influential in the development of keel 
bone deformities in laying hens.

Key Words: perch, laying hen, keel deformities, housing

P260   Flight behavior and successful landings of laying hens 
housed in aviary systems with litter. S. L. Goodwin*1, M. M. Mak-
agon2, J. Swanson1, and J. M. Siegford1, 1Michigan State University, 
Lansing, 2Purdue University, West Lafayette, IN.

Considering the spatial availability differences in aviary systems com-
pared with conventional systems, it is expected that laying hens have 
more room to perform natural behaviors in aviaries. With multiple 
levels, nest boxes, perches and litter in addition to the standard feed-
ers and drinkers, these systems provide a variety of enrichments that 
allow hens to perform natural behaviors, such as flight. More space 
helps birds to work muscles and bones during flight. However, more 
flight space may not necessarily be more beneficial for hens, as we have 
anecdotally observed that many hens do not land on their feet. Using 
data from a commercial facility, this study focuses on landing success 
for each flight observed over an entire day (lights on to lights off) in 
4 aviary sections on 2 separate dates. Flights that began and ended on 
litter had a success rate of 74.83% during mid-lay and a success rate of 
87.3% during late-lay. Flights that originated on perches and ended on 
litter had a success rate of 83.5% for mid-lay and 86.36% for late-lay. 
No difference was found in the proportion of failed versus successful 
landings based on whether hens were flying from litter to litter or perch 
to litter (C2 = 0.23; P = 0.63). Conversely, the proportion of crashes 
observed in hens at late lay was significantly higher than observed in 
hens at mid lay (C2 = 6.4; P = 0.01). Also, a higher proportion of flights 
occurring in double aviary sections resulted in crashes compared with 
flights made in single aviary sections (C2 = 5.4; P = 0.02). This study 
is a part of the Coalition for a Sustainable Egg Supply (CSES) project.

Key Words: laying hen, aviary, flight behavior, CSES

P261   Behavioral study and plumage condition of laying hens 
housed in aviaries or conventional cages. A. Steiner*1, P. E. Euse-
bio-Balcazar1, M. Beck2, and S. Purdum1, 1University of Nebraska, 
Lincoln, 2Mississippi State University, Mississippi State.

The study of hen behavior is important to find ways to improve welfare 
and establish adequate management practices. Four hundred 1-d-old 
pullets, Lohmann Brown (B) and Bovan White (W) intermingled in 
equal numbers, were placed into 8 floor pens. At 5 wk, those pullets 
were moved to 8 aviary units (A) (Natura 60, Big Dutchman Inc.). Two 

hundred twenty-four 1-d-old caged pullets were placed in 56 cages (C) 
at 7 wk of age. Each “A” unit had 3 tiers and a litter area underneath 
and beyond the aviaries in which birds could move freely. A nest area 
was located in the top tier, and feeder troughs were placed in the middle 
and lower tier. Sixteen A hens and 16 C hens were randomly selected 
and identified by colored leg zip ties. Time budget was determined by 
focal sampling observing each hen for 5 min in the morning and in the 
afternoon at 21, 28, 37, and 45 wk. Budget consisted of drinking, eating, 
foraging, pecking other birds, pecking objects, perching, preening, sit-
ting, standing, and walking times. Also, a sample of 112 A hens and 64 
C hens were evaluated by a 4 point scoring system (1 = no coverage, 4 
= good) to determine plumage condition for 6 body parts (neck, breast, 
wings, tails, and vent) at 46 wk. Data were analyzed as a factorial design 
with repeated measures. C hens spent more time standing (P = 0.01) 
compared with A hens of both strains. BC hens spent more time eating 
compared with BA hens (28.25 vs. 13.63%, P = 0.05). WA hens spent 
less time pecking other birds compared with WC hens (0.1 vs. 0.5%, P 
= 0.08) and BA hens spent less time pecking objects compared with BC 
hens (4.0 vs. 16.8%, P = 0.007). A similar effect on time spent pecking 
objects was observed for W hens at 25 and 45 wk (P = 0.001). AB (P 
= 0.04) and AW (P = 0.11) hens spent more time foraging in the after-
noon. No differences were observed due to housing system or strain on 
the overall feathering score (P > 0.05); however, “A” hens had higher 
plumage damage in the backs, vents and necks compared with C hens 
(P < 0.0001). Thus, aviary housing reduced some undesirable behaviors, 
but had a detrimental effect on feather condition of some body parts.

Key Words: hen, behavior, feather

P262   The effectiveness of dust bathing substrates in enriched 
colony and aviary laying hen housing systems. R. A. Blatchford*1, 
J. A. Mench1, M. A. De Luz1, J. M. Siegford2, M. M. Makagon2, D. L. 
M. Campbell2, and J. C. Swanson2, 1University of California, Davis, 
2Michigan State University, East Lansing.

Dust bathing behavior functions to reduce excess feather lipids, keep-
ing feathers in good condition. Hens in non-cage systems have access 
to litter for dust bathing, while hens in enriched colony systems (EC) 
are provided an Astroturf pad sprinkled with feed. As part of the Coali-
tion for a Sustainable Egg Supply Laying Hen Research project, we 
evaluated the use of wood shavings litter in an aviary (AV) and feed-
sprinkled Astroturf in EC for dust bathing, as well as their effectiveness 
in reducing feather lipids, on a commercial farm. The open litter areas 
in 8 sections of the AV, and 18 EC, were videotaped during the morning 
(10:30–12:30), afternoon (15:00–17:00), and evening (19:30- 21:30) 
when hens were 52 wk of age. Lipid content of the breast (n = 27) and 
back (n = 26) feathers of hens in the EC and AV, as well as hens housed 
in conventional cages with no access to substrate (CC; control) at the 
same facility, was analyzed at 72 wk using Soxtec extraction. Hens in EC 
used the pad for 14% of all dust bathing bouts, but the rest of the bouts 
took place on the wire floor. In the AV, 0–34% (mean 7%) of hens in the 
open litter area dust bathed during the observations. Analysis of variance 
analysis showed that EC (17.2 ± 0.6 mg/g) and AV (17.7 ± 1.1 mg/g) 
hens had lower (P < 0.001) lipid levels on their breast feathers than CC 
hens (24.4 ± 1.2 mg/g). However, the lipid levels of the back feathers of 
the EC (19.4 ± 0.5 mg/g) and CC (21.6 ± 0.9 mg/g) hens were higher 
(P < 0.001) than those of AV hens (13.8 ± 0.8 mg/g). Although hens in 
EC dust bathed on the Astroturf pad at a relatively low rate, this was 
effective for reducing feather lipids on the breast, but less effective than 
dust bathing in litter in the AV for reducing feather lipids on the back.

Key Words: enriched colony, hen, dust bathing, aviary, feather lipid
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P263   Is increased fear associated with feather pecking in com-
mercial turkeys? C. N. Niewiadomski*, M. Erasmus, J. M. Siegford, 
and J. Swanson, Michigan State University, East Lansing.

Feather pecking, a form of injurious pecking, is a problem in commercial 
turkeys. Previous research has shown different tendencies of chickens to 
develop feather pecking with some association between this behavior and 
a hen’s fear response. No research to date has examined the individual 
differences in feather pecking and fear responses among turkeys. This 
study evaluated whether a relationship exists between feather pecking 
and fear responses in turkeys. Commercial male turkeys were housed 
in groups of 5 to 6 in 8 pens from d 1 to 14 wk of age. Behavior was 
video-recorded at 8 wk and instantaneous scan samples of behavior 
were executed at 5-min intervals, identifying birds that feather pecked 
(PECK) and birds that did not (NPECK). Turkeys were also classified 
as targets of feather pecking (TAR) or not (NTAR). Three fear tests, 
tonic immobility (TI), novel object (NO), and open field (OF), were used 
to assess turkeys’ fear responses at 8 wk (n = 32). Differences in fear 
responses of PECK and NPECK and TAR and NTAR were evaluated 
using Fisher’s exact test. Results from OF and NO tests were not signifi-
cantly different between turkeys of the various classifications. However, 
there was a trend toward significance between TI fear responses of NTAR 
and TAR birds (P = 0.057). Thus PECK birds were not distinct in their 
responses to TI, NO, and OF tests when compared with NPECK birds, 
demonstrating that the performance of feather pecking does not appear 
to be associated with fear responses in turkeys though being a target of 
feather pecking might be.

Key Words: feather pecking, fear, turkey, group housing

P264   A holistic approach to improve ostrich welfare during 
preslaughter handling and transport practices. M. Bejaei* and K. 
M. Cheng, University of British Columbia, Vancouver, BC, Canada.

Ostriches are the largest living birds with only 2 toes on each of 2 long 
feet to support a heavy body mass. This special anatomical feature 
creates problems for transporting ostriches, different than for other 
livestock species. The main objective of our study was to develop and 
apply a holistic research model to improve ostrich welfare during pre-
slaughter handling and transport, and to improve their product quality. 
Five information sources were considered in developing the welfare 
assessment model: (1) Production practices: We conducted a survey of 
ostrich producers in the USA and Canada to identify current production 
practices and potential welfare issues related to ostrich handling/trans-
port; (2) Behavioral and physiological stress responses: Based on the 
identified potential welfare issues from the producers’ survey, we con-
ducted 3 ostrich transport trials to study the behavioral and physiological 
responses of ostriches during handling/transport; (3) Product quality and 
safety: We measured site and severity of skin physical damages (e.g. 
bruises), and evaluated meat quality of slaughtered ostriches to identify 
the effects of handling/transport practices; (4) Public perception: Based 
on the results of our study, recommendations were made to educate 
consumers about the effects of different practices on ostrich welfare; and 
(5) Standards and guidelines: Ratite transport welfare standards from 
several countries were studied, considering available scientific knowl-
edge, to improve the current ostrich transport guidelines. The model and 
actual experimental results will be presented in association with each 
component of the model. By applying the developed model we could 
identify potential welfare issues of the current ostrich transport practices. 
We found that pre-transport holding duration should be minimized; long 
distance transportation is detrimental to ostrich welfare with significant 
loss to producers; and the use of pre-transport nutrient supplementation 
can partially alleviate the effect of transportation stress in ostriches.

Key Words: handling, ostrich, research model, transport, welfare
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P92   Effect of dietary Ca and P levels on bone health and egg-
shell quality of laying hens housed in floor pens or cages. P. E. Euse-
bio-Balcazar*1, A. Steiner1, M. Beck2, and S. Purdum1, 1University 
of Nebraska, Lincoln, 2Mississippi State University, Mississippi State.

This study evaluated the effects of dietary Ca and P levels on laying 
hens housed in floor pens (F) or cages (C). Two hundred fifty-six 1-d-
old pullets, Lohmann Brown (B) and Bovan White (W) intermingled in 
equal numbers, were placed into 8 F. One hundred twenty-eight 1-d-old 
caged pullets were allocated into 32 layer C at 14 wk of age. Hens were 
given isocaloric and isoprotein diets containing either standard (STD) or 
50% increased dietary Ca and P (CaP+) levels from 7 to 52 wk of age. 
Data was analyzed as a split plot factorial design with 4 replicates for 
each treatment combination. Housing systems and Ca and P levels were 
the main treatments and strains were considered subplots. At 30 wk, 80 
floor raised hens and 48 caged hens were in vivo scanned to determine 
tibia bone mineral density (BMD). At 36 wk, hens were palpated to 
record keel bone deformities. From 25 to 52 wk, eggshell breaking 
strength and eggshell percentage were evaluated every 4 and 5 weeks, 
respectively. Independently of the housing system, B hens were heavier 
than W hens (P = 0.03). CaP+ had poorer BW uniformity (92 vs. 93%, 
P = 0.03), but had similar BW (P > 0.05) compared with STD hens. B, 
F and CaP+ hens had higher BMD compared with W (P < 0.0001), C 
(P < 0.0001), and STD (P = 0.081) hens. CaP+ diet reduced severity 
of keel bone deformities compared with STD diet when it was fed to C 
hens (P = 0.0008), but it did not influence F keel bones. C hens fed STD 
diet had higher number of twisted keel bones compared with C hens 
fed CaP+ diet and F hens fed STD diet (20.8 vs. 6.88%, P = 0.029). C 
hens fed CaP+ diet (P = 0.049) or CW hens (P = 0.016) had the largest 
amount of eggshell percentage compared with all the other birds. B 
hens fed STD diet laid more breakable eggs compared with W hens fed 
any of the 2 tested diets (P = 0.029). C hens laid eggs with more fragile 
eggshells compared with F hens (P = 0.031). Thus, the use of CaP+ diet 
for caged hens improved bone health and eggshell quality; however it 
might not have any improvements for floor raised hens.

Key Words: floor pen, hen, keel bone

P265   Life cycle assessment of Citrobacter braakii phytase com-
pared to a mineral source of phosphorus. F. Fru*1, A. Korsbak1, R. 
K. Nagaraju2, and P. H. Nielsen2, 1DSM Nutritional Products, Basel, 
Switzerland, 2Novozymes AS, Bagsvaerd, Denmark.

Commercial feed phytases are industrial enzymes used to break down 
phytate in animal feed and release phosphorous (P) essential for growth. 
It is a cheaper alternative to mineral phosphates, such as monocalcium 
phosphate (MCP), as such reduces feed cost and also the environmental 
effects of P excretion. MCP, commonly used as a P source in broiler 
diets, contains 22.7% easily digestible P and is derived from rock phos-
phate, which is a limited resource. A life cycle assessment (LCA) was 
done according to ISO 14040 and similar to Nielsen and Wenzel (2006; 
Environmental Assessment of RONOZYME P5000 CT Phytase as an 
alternative to Inorganic Phosphate in Pig Feed. Int. J. LCA) in which the 
potential environmental impact measured as global warming, acidifica-
tion, nutrient enrichment (algae bloom), energy consumption and, were 
estimated using CML 2000 characterization model in Simapro 7.2. In 
this study, a solid state form of a bacterial 6-phytase from Citrobacter 
braakii (RH) at 1000 U was benchmarked against 9 kg of MCP which 
will each provide of an equivalent of 1.5 kg of available P per ton of 

broiler feed. In all parameters analyzed RH was significantly better 
than MCP: Global warming potential (kg of CO2 eq.) was 0.20 vs. 10; 
Acidification potential (g of SO2 eq) was 0.60 vs. 180; Nutrients enrich-
ment (g of PO4 eq.) was 0.40 vs. 460; Energy consumption (MJ) was 2.2 
vs. 140. In conclusion not only is RH a cheaper alternative to mineral 
P such as MCP it is much better for the environment and can enable 
farmers to stock more animals in places where P output is limiting thus 
providing more meat per unit. 

Key Words: life cycle assessment, phytase, mineral phosphate, Citro-
bacter braakii

P266   The effects of Calibrin-A on egg production, feed con-
version and dropping score in commercial layers. N. L. Rivas1, A. 
Paredes2, O. Briceno2, S. L. Johnston*3, and F. Chi3, 1University San 
Luis Gonzaga, Ica, Peru, 2La Calera Group, Alto Laran, Peru, 3Amlan 
International, Chicago, IL.

An experiment was conducted at the La Calera Layer Farm, a commer-
cial layer facility stocked with brown layers in the district of Alto Laran, 
Chincha, Peru. Prior to the beginning of the study birds were affected 
with watery excreta and “Black Vomiting,” which is characterized by 
black gizzards with lesions. Two areas in the facility were selected and 
each was divided into 2 groups of hens, which were randomly assigned to 
treatment (2 treatments and 2 replications per treatment). The treatments 
were: 1) a control diet and 2) the control diet with 0.05% Calibrin-A, 
a calcium montmorillonite, fed from wk 24 to 30 of age when 18 birds 
were randomly selected from each treatment replication. These 72 birds 
were placed 3 hens/cage and fed treatments for another 5 weeks. Excreta 
were inspected and rated firm, soft, or liquid. Egg production and amount 
of feed consumed/egg laid was calculated and analyzed as repeated 
measures. Significant difference was set at P < 0.10. Egg production data 
for the first week of collection for one of the control replications was 
removed from the analysis because it was extremely low and appeared 
to be an outlier. Egg production was higher (P < 0.10) when hens were 
fed Calibrin-A, with overall averages of 13.2 eggs/18 hens compared 
with 11.7 eggs/18 hens for the control group. Feed consumed/egg laid 
was numerically better (P = 0.22) when Calibrin-A was used in the diet 
with 155.9 g feed/egg for birds fed Calibrin-A vs. 174.3 g for birds fed 
the control without Calibrin-A. There was not a significant difference in 
body weight for the birds between treatments. Necropsy was performed 
on the birds at the end of the experiment and birds fed the control diet 
had very marked lesions in the proventriculus and gizzard while birds 
fed Calibrin-A did not. In conclusion, in the presence of “Black vomit-
ing” hens fed Calibrin-A had improved egg production.

Key Words: layer, gizzard, egg, Calibrin-A, montmorillonite

P267   Performance of free-range meat chickens fed potatoes as 
a farm-raised energy source. A. Fanatico*1 and D. Smith2, 1Appala-
chian State University, Boone, NC, 2North Carolina State University, 
Raleigh.

Interest is growing in specialty products such as free-range, organic, and 
locally-raised poultry. Many small flock farmers want to grow feed on 
farm or source locally for ecological and economic reasons. While corn 
is commonly used for energy, there may be a role for farm-raised roots/
tubers, although potatoes require cooking. A study was conducted to 
determine the effect of substituting half of the corn with potato for free-
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range meat chickens. After brooding, pens of slow-growing chickens 
(9 birds per pen) were randomly assigned to one of 3 treatments: corn 
control (C), steamed/dried potato flake (F), or steam-cooked potato (P), 
with 4 replications. Birds were raised in small portable huts on pasture 
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 potato/corn energy feed. The HPC was comprised of soybean 
meal, fishmeal, and mineral/vitamin premix. Presentation of energy feeds 
was: ground corn in a hopper (C); ground corn and potato flake mixed 
in equal proportions (F); and cooked potatoes in troughs mixed with 
measured amount of corn (P). Birds were processed on-site in a mobile 
processing unit at 77d, and yield (carcass, breast, wing, leg, and rack) 
and microbial data (from ceca) were collected. Data were subjected to 
ANOVA. In the grower period, weight gain of P birds were higher than 
F (976 vs. 815 g/bird; P < 0.05), and HPC feed intake was highest in P 
treatment (P < 0.05). In fact, because HPC intake was high compared 
with energy intake in P treatment, birds were allowed both potatoes and 
corn ad libitum during finisher period. In the finisher period, weight 
gain, feed intake, and feed efficiency were similar among treatments 
(P > 0.05). At processing, C treatment resulted in higher fat pads than 
F treatment (P < 0.05). Carcass and parts yield did not differ (P > 0.05). 
No Salmonella was detected in ceca. This data indicates that when potato 
is used to replace half of the corn in a choice feeding system, birds may 
eat more of protein concentrate compared with energy feed.

Key Words: free-range, meat chicken, feed self-selection, potato

P268   Effects of commercial in ovo injection of 25-hydroxy-
cholecalciferol on bone development and mineralization in male 
and female broilers on d 0, 14, and 28 post-hatch. A. Bello1, P. Y. 
Hester2, P. D. Gerard3, and E. D. Peebles*1, 1Department of Poultry 
Science, Mississippi State University, Mississippi State, 2Department 
of Animal Science, Purdue University, West Lafayette, IN, 3Depart-
ment of Mathematical Sciences, Clemson University, Clemson, SC.

Improved bone development and mineralization in broilers have been 
attributed to the use of 25-hydroxylcholecalceiferol [25(OH)D3] as 
a dietary supplement. In this study, effects of the in ovo injection of 
25(OH)D3 delivered in commercial diluent on 18 d of incubation (doi) 
on subsequent bone development and mineralization in male and female 
Ross × Ross 708 broilers were investigated. The variables investigated 
included bone mineral density and breaking strength, bone ash concen-
tration, and calcium and phosphorus bone ash concentrations. In a single-
stage incubator, with 6 treatments on each of the 10 tray levels, a total of 
2,400 experimental broiler hatching eggs were evenly and randomly set. 
Eggs were treatment-injected and transferred to corresponding hatch-
ing baskets on 18 doi. Experimental treatment groups were those that 
received either 0.2, 0.6, 1.8, or 5.4 µg 25(OH)D3 that were delivered 
in 100 µL of commercial diluent. Non-injected and diluent-injected 
controls were also included. On 21 doi, chicks were pulled and placed 
in corresponding floor pens, and on each of d 0, 14, and 28 post-hatch 
(poh), 2 birds of each sex from each pen were randomly selected for 
necropsy and extraction of both of their tibia bones. Bones from the 
right leg were subjected to mineral density analysis and those from the 
left leg were used to determine breaking strength and residual bone ash 
concentration. Furthermore, ash calcium and phosphorus concentrations 
on d 14 and 28 poh were determined. There was a significant treatment × 
sex × age interaction for bone breaking strength. Bone breaking strength 
in male birds on d 28 poh was higher in the 0.60 µg 25(OH)D3-injected 
treatment group than in the diluent-injected control and the 5.40 µg 
25(OH)D3-injected treatment groups. In conclusion, the in ovo injection 

of 0.60 µg of 25(OH)D3 is capable of increasing the bone strength of 
male Ross × Ross 708 broilers through d 28 poh.

Key Words: 25-hydroxycholecalciferol, broiler, density, mineral, tibia

P269   Effect of incubation temperature on body weight, oxi-
dative stress, antioxidant status, and fatty acid profile of day old 
broiler chicks. A. K. Panda* and G. Cherian, Department of Animal 
and Rangeland Sciences, Oregon State University, Corvallis.

Incubator temperature that is currently used (37.5°C) may promote 
oxidative stress and lipid peroxidation in the fast-growing broiler chick 
embryo with a high metabolic rate. The increase in oxidative stress may 
promote lipid peroxidation and may compromise antioxidant status of 
the embryo and hatchling. The hypothesis tested is that reducing the 
incubation temperature will minimize lipid peroxidation, enhance tissue 
antioxidant status, and increase the retention of long chain polyunsatu-
rated fatty acids (PUFA) in the hatched chicks. One hundred and 44 
fertile eggs were distributed into 2 groups with 12 replicates of 6 eggs. 
The eggs were incubated at a constant temperature of 100°F (Control) 
or the incubation temperature was reduced by 2°F (98°F) (Low) from d 
5 until hatch. No difference was observed in the body weight of hatched 
chicks (P > 0.05). Liver weight as percent of body weight was higher 
in Low than in Control chicks (P < 0.05). However, relative weight 
of the yolk sac was higher in Control than in Low groups (P < 0.05). 
There was no difference in the total lipid content of liver and yolk 
sac in Control and Low chicks. Lipid oxidation products measured as 
thiobarbituric acid reactive substances (TBARS) in the yolk sac were 
lower (P < 0.01) in Low chicks when compared with Control chicks. 
No effect of incubator temperature on liver TBARS was observed (P > 
0.05). No effect of incubator temperature on α-, γ-, or total tocopherol 
content in the yolk sac was observed. The liver tissue of Low chicks was 
higher in docosahexaenoic (22:6 n-3), arachidonic (20:4 n-6), total n-3 
and saturated fatty acids than in Control groups (P < 0.05). However, 
total n-3 fatty acids were lower in the yolk sac of Low than Control 
groups (P < 0.03). No difference was observed in the total saturated or 
monounsaturated fatty acids in the yolk sac of chicks from Control and 
Low groups. The results of the present study revealed that temperature 
manipulation during incubation affects oxidative stress and fatty acid 
metabolism in broiler chicks.

Key Words: incubation temperature, polyunsaturated fatty acid, lipid 
oxidation product

P270   Effect of thermal stimulation during broiler embryogen-
esis on hatchability, chick quality, and chick performance under 
commercial conditions. A. Elmehdawi*1, M. Hall1, P. Skewes1, D. 
Wicker2, and D. V. Maurice1, 1Clemson University, Clemson, SC, 
2Fieldale Farms Corporation, Baldwin, GA.

The aim of this study was to investigate the effects of manipulating the 
incubation temperature during late incubation on hatchability, chick 
quality, secondary sex ratio, and grow out performance under commer-
cial conditions. Two setters of 42,240 eggs capacity each were used. One 
served as the control and the other as the treatment which had the same 
physical environment as the control except that a thermal stimulus of 
1°C above the optimal incubation temperature for 2 h was superimposed 
each day from d 18 to d 20. Temperatures were verified by the use of 
data loggers in each unit. Hatching eggs from hens aged 35–39 weeks 
were set and about 20,000 chicks from each group placed in the field 
weekly. The experiments were replicated over time with 5 replicates. 
Chicks were sampled at hatch and at one week of age and body weight, 
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feed conversion, and mortality measured at market age. Moisture loss, 
embryo temperature, hatchability, chick weight, chick rectal tempera-
ture, chick quality, and residual yolk sac weight were measured and 
sex determined after dissection. Thermal stimulation improved feed 
conversion by 1.82% or 3.6 points (P < 0.0491) in comparison to the 
control group. When adjusted to a 6-lb body weight, the improvement 
in feed conversion translated to 2.03% lower feed conversion and 2.23% 
lower caloric cost. The other responses measured at hatch or post-hatch 
were not influenced by thermal stimulation. The results demonstrated 
that low-intensity, short-duration thermal stimulation above the optimal 
incubation temperature during late incubation had positive long lasting 
effects on chick performance and feed conversion.

Key Words: broiler, incubation, thermal stimulation, feed conversion

P271   Effects of eggshell conductance and incubation tempera-
tures on duck footpad development and dermatitis incidence. M. J. 
Da Costa*1, E. O. Oviedo-Rondón1, M. J. Wineland1, and D. Jeffrey2, 
1Department of Poultry Science, North Carolina State University, 
Raleigh, 2Maple Leaf Farms, Milford, IN.

Footpad dermatitis (FPD) is major animal welfare concern. Paws are 
great source of revenues for poultry companies nowadays. One experi-
ment was conducted to evaluate the effects of eggshell conductance (G) 
and temperature profiles during incubation on duck footpad histological 
structure and FPD incidence at 35 d of age. A total of 10,000 Pekin 
duck eggs from a commercial line of Maple Leaf Farms were randomly 
sorted, equally distributed into 4 groups, and placed in 2 single stage 
incubators. Treatments consisted of 2 G, reduced and normal, and 2 
incubation temperature profiles (T), elevated and normal, after d 12. 
Eggshell G was reduced by dipping eggs in wax at 14 d of incubation. 
At hatch, ducklings were identified and placed in a commercial house. 
At market age, 5 drakes and 5 hens of each treatment combination were 
selected, weighed and classified for FPD using a 3 level scale. Addition-
ally, 7 ducks per treatment combination were culled and footpad skin 
samples were collected for posterior histological processing. Histologi-
cal analysis assessed thickness and total area of stratus corneum (SC), 
epidermis and dermis and total height and width of papillae present in 
footpad skin. FPD data were analyzed using cumulative logistic regres-
sion to model the log odds of the cumulative probabilities of lesions 
as a function of the factorial effects of treatments plus the additive sex 
effect. For the histological data a 2 × 2 factorial design with T and G as 
main factors was used. Results indicated (P < 0.05) that either elevated 
T or reduced G increased the probability of having FPD. No differences 
were observed between sexes. On the histological results, an effect of G 
was observed on epidermis area. Reduced G ducks had a bigger area of 
epidermis than normal G. Additionally, a trend (P = 0.09) of T effect was 
observed on papillae width. Elevated T increased the width of papillae 
in comparison with normal T. It was concluded that G and incubation 
T profiles have an effect on FPD in ducks at market age, and this might 
be related with changes on footpad skin structure.

Key Words: footpad dermatitis, duck, welfare

P272   Salmonella typhimurium litter recovery during rearing of 
broiler breeder pullets on skip-a-day and every-day feeding pro-
grams. K. M. Wilson*1,2, B. L. McLendon2, D. V. Bourassa1, J. L. 
Wilson2, N. A. Cox1, and R. J. Buhr1, 1USDA-ARS, Athens, GA, 2Uni-
versity of Georgia, Athens.

The impact of restrictive feeding programs on Salmonella litter con-
tamination after challenge with Salmonella-positive seeder chicks was 

investigated. Chicks (135/pen) were placed on litter into 3 feeding 
program rooms, each room containing duplicate pens. Feeding programs 
began at wk 4 and were as follows: 1) Skip-a-day in the trough feeder 
(SAD); 2) Every-day in the trough feeder (EDT); or 3) Every-day on 
the litter (EDL). At 5 wk, 5 Salmonella-seeder pullets (gavaged with 
4.0 × 104 cells of a nalidixic acid-resistant Salmonella Typhimurium 
on d 1) were commingled in each pen and the litter surface sampled 
using stepped-on drag swabs at 7, 9, and 11 wk. At 7 wk, from one 
SAD and one EDT pen Salmonella was recovered from the litter with 
direct plating and after enriched all 6 pens were Salmonella-positive. At 
9 and 11 wk, pen litter was sampled at the following times: 1) Before 
feeding, 2) 3 h after feeding, and 3) 6 h after feeding. At 9 wk there 
were 2 sampling days for SAD, EDT and EDL and at 11 wk SAD pens 
were sampled on both off-feed and on-feed days. At 9 wk: SAD had 
the highest Salmonella-positive litter with 11/12 direct plates positive 
and 100% following enrichment. EDT had only 2/12 direct plates posi-
tive and 100% following enrichment. EDL had the lowest Salmonella 
recovery, with no direct positive plates and only 58% positive following 
enrichment. At 11 wk: SAD again had the highest Salmonella-positives 
for both on-feed d 4/12 direct plates and 100% following enrichment 
and off-feed d 2/12 direct plates and 100% following enrichment. EDT 
had only 1/12 positive direct plates but 100% following enrichment. 
EDL had the lowest Salmonella litter recovery, with no direct positive 
plates and only 50% following enrichment. There were no obvious 
associations with the time after feeding of collected litter samples 
(presence of fresh feces) and Salmonella recovery. These results sug-
gest that feeding broiler breeder pullets SAD may contribute to higher 
Salmonella litter contamination and persistence after an environmental 
challenge during rearing.

Key Words: restrictive feeding, broiler breeder pullet, Salmonella 
typhimurium, litter

P273   Effects of a commercial anticoccidial on broilers raised 
on litter seeded with potentially resistant oocysts. K. S. Macklin*1, 
M. A. Bailey1, J. T. Krehling1, J. B. Hess1, and J. D. French2, 1Auburn 
University, Auburn, AL, 2Elanco Animal Health, Greenfield, IN.

Coccidiosis in broilers can be a serious problem if prophylactic measures 
are not taken to control it. Prolonged usage of some prophylactics can 
lead to resistance. Resistance of Eimeria will lead to a decrease in live 
bird performance. The objective of this study to determine if there was 
any loss in live performance in birds fed a commercial anticoccidial 
(narasin/nicarbazin) that were reared on litter seeded with Eimeria 
from a farm that has used this anticoccidial for several flocks. In this 
study, 1600 females were randomly placed into 32 pens (50/pen), with 
16 pens on each side of a pen house. One side of the house (16 pens), 
had litter seeded with Eimeria spp. from a producer that had not used 
narasin/nicarb (NE) for several years, while the other side of the house 
had litter seeded with Eimeria spp from a producer that has used narasin/
nicarb (EE) for several flocks. Each 16 pen grouping had 8 diets that 
contained the narasin/nicarb while the other 8 pens had diets that lacked 
any anticoccidial. A standard 3 fed diet was used, that depending on the 
diet included the anticoccidial at the manufacturer recommended level. 
Bird and feed weights was determined at d 0, 14, 30 and 35. Data was 
then analyzed using ANOVA with any significant differences (P < 0.05) 
being further separated using Tukey’s HSD. The results at d 35 were 
significant (P < 0.001) and showed that there was an overall improve-
ment in AFC in the birds fed narasin/nicarb (1.54EE, 1.55NE), versus 
those that had no anticoccidial in their diets (1.56EE, 1.58NE). When 
AFC between the birds fed anticoccidial and the source of Eimeria spp. 
were analyzed, there was no significant difference (P > 0.05; 1.54, 1.56). 
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Final BW was improved (P < 0.05) in the birds fed the anticoccidial 
(1.88kgEE, 1.92kgNE) over those that were not (1.85kgEE, 1.86kgNE). 
There was no difference (P > 0.05) in BW between anticoccidial fed 
birds (1.88kgEE, 1.92kgNE), regardless of the Eimeria spp source. 
These results show that the anticoccidial containing the combination 
of narasin and nicarbazin is less likely to develop resistance; however 
prudent use of this product should still be used.

Key Words: coccidiosis, broiler, resistance

P274   Use of PCR for the detection of the netB gene in strains 
of Clostridium perfringens isolated from cases of avian necrotic 
enteritis in Alabama. M. A. Bailey*, K. S. Macklin, and J. T. Kreh-
ling, Department of Poultry Science, Auburn University, Auburn, AL.

The discovery of the Clostridium perfringens (CP) NetB toxin has 
introduced questions which challenge the traditional model describing 
the pathology of necrotic enteritis (NE) in chickens. Increase in the total 
population of CP in the gut, induced by dietary factors and prior intestinal 
damage, is the most widely accepted cause. With the discovery of NetB, 
research has shown not only that this toxin is crucial for the virulence of 
some strains, but also that the encoding gene, netB, is present in 51–91% 
of strains isolated from separate cases of NE. Additionally, few strains 
from healthy birds have this gene. Considering these observations, it 
has been proposed that NE is not induced by increases in the total gut 
population of CP, but by the increase in clonal populations which contain 
netB. Although previous data appears to support this proposal, isolates 
tested for netB have originated from limited geographical areas. To 
increase understanding in the widespread importance of the toxin, this 
study analyzed 49 isolates from separate cases of NE in Alabama for the 
presence of netB using PCR. Only 2 isolates (4%) tested positive for the 
gene. This appears to support the accepted model of pathogenesis and 
indicates that the NetB toxin may only be an important virulence factor 
for certain isolates or only in certain geographical areas.

Key Words: poultry, necrotic enteritis, Clostridium perfringens, netB

P275   Effect of natural extracts mixed with organic acids on 
broiler health and production. G. Guzman*1,2 and A. Garcia1, 
1Viator, Guadalajara, Jal, Mexico, 2Universidad de Guadalajara, 
Zapopan, Jal, Mexico.

The purpose of the present study was to evaluate 2 nutraceutic water 
additives on blood parameters and body weight. The study consisted 
of 7,000 Ross 308 female chicks that were placed in 3 experimental 
groups (A, B and C) with 3 replicates each, and provided 2 nutraceu-
ticals formulas in the drinking water. The nutraceutic composition for 
each Groups were as follows: Group A 5% yeast extract, 10% Roselle 
hydro-alcohol extract, 10% of acetic acid, 10% of citric acid; Group B 
10% Bloodroot hydro-alcohol extract, 10% of acetic acid, 10% citric 
acid; and Group C were provided water only. The nutraceutic dosage 
for A and B groups were 1 mL of nutraceutic formula per one liter of 
drinking water in each diet change for 3 d (starter, growth and finisher). 
Blood samples were taken at 35 and 40 d old age and were analyzed 
for hemoglobin, plasmatic protein, albumin, globulin, albumin/globulin 
ratio by spectrophotometry. At the termination of the study, final body 
weights were recorded. Poultry body weight group B was statistically 
different (P < 0.05) than the rest of the groups. Body weights at 43 d 
old in decreasing order were for group B 2.268 kg, group A 2.205 kg 
and group C 2.167 kg. Hemoglobin at 35 d old, group A was statisti-
cally different (P < 0.05) than the rest of the groups but at 40 d old there 
was not statistical difference among groups. Hemoglobin at 35 d old in 

decreased order were for group A 8.97 g/100 mL, group B 8.04 g/100 
mL and group C 7.75 g/100mL. No statistical differences were observed 
among groups on plasmatic protein, albumin and globulin. There was 
statistical difference only on albumin/globulin ratio in both sampling 
periods. At 35 d old the albumin/globulin ratio in decreased order were 
for group B 1.217, group A 0.921 and group C 0.923. At 40 d old the 
albumin/globulin ratio in decreased order were for group B 1.90, group 
A 1.64 and group C 1.65. In conclusion the difference among groups was 
the kind of extracts. Further studies are needed to elucidate if Bloodroot 
extract influence directly on the intestines or indirectly by interaction 
with the enteric ecology, in particular with the microbes.

Key Words: broiler, natural extract, nutraceutic, final weight, globulin

P276   Effects of feeding diets naturally contaminated with 
deoxynivalenol (DON), aflatoxin B1 (AFB1), and/or fumonisin 
(FUM) in layers on internal egg quality measurements. S. Iselt1, 
J. Lee1, M. Farnell1, R. Latham1, K. Naehrer2, U. Hofstetter2, R. Bel-
tran2, G. Schatzmayr2, and D. Caldwell*1, 1Texas A&M University, 
College Station, 2Biomin, Herzogenburg, Austria.

The effect of feeding pre-peak production laying hens diets formulated 
using corn naturally contaminated with DON, AFB1, or FUM on albu-
men height, Haugh unit value, and relative egg weight components 
(albumen, yolk, and shell) was evaluated during a 10-wk trial. Two 
primary corn sources, one with predominant DON contamination and 
the other with predominant AFB1+FUM contamination, were used for 
challenge diets. The experimental design consisted of a 4 × 2 factorial 
with 4 mycotoxin diets with or without a commercially available deacti-
vating compound (DC). Mycotoxin challenge diets with calculated target 
mycotoxin levels included: control, DON (9 ppm) challenge, AFB1 (2 
ppm) + FUM (54 ppm) challenge, and a mixed challenge comprised 
DON (6 ppm) and AFB1 (1 ppm) + FUM (27 ppm). Assayed values 
of DON in challenge diets were close to targets. Assayed values of 
AFB1+FUM varied and were often below target, indicating inconsistent 
levels in source corn. Hens were randomized, placed into commercial 
type laying cages, and were fed respective diets for the duration of the 
trial. At wk 7, all mycotoxin challenge groups decreased (P < 0.05) albu-
men height and Haugh unit value compared with controls. At wk 9, DC 
inclusion decreased (P < 0.05) relative albumen weight and increased (P 
< 0.05) relative yolk weight compared with diets without DC. At wk 5 
and 6, all mycotoxin challenge groups increased (P < 0.05) relative shell 
weight compared with controls. At wk 5, DC inclusion increased (P < 
0.05) relative shell weight compared with diets without DC inclusion. 
The variable nature of some observed measurements suggests pre-peak 
production laying hens may be relatively resistant to DON, AFB1, and/
or FUM mycotoxin challenge at levels evaluated in the current trial.

Key Words: aflatoxin, deoxynivalenol, fumonisin, egg grading, egg 
weight component

P277   Effects of feeding diets naturally contaminated with 
deoxynivalenol (DON), aflatoxin B1 (AFB1), and/or fumonisin 
(FUM) in layers on external egg quality measurements. S. Iselt1, 
J. Lee1, M. Farnell1, R. Latham1, K. Naehrer2, U. Hofstetter2, R. Bel-
tran2, G. Schatzmayr2, and D. Caldwell*1, 1Texas A&M University, 
College Station, 2Biomin, Herzogenburg, Austria.

The effect of feeding pre-peak production laying hens diets formulated 
using corn naturally contaminated with DON, AFB1, or FUM on egg 
weight, shape index, specific gravity, and egg shell thickness was evalu-
ated during a 10 week trial. Two primary corn sources, one with predomi-



99Poult. Sci. 92(E-Suppl. 1)

nant DON contamination and the other with predominant AFB1+FUM 
contamination, were used for challenge diets. The experimental design 
consisted of a 4 × 2 factorial with 4 mycotoxin diets with or without a 
commercially available deactivating compound (DC). Mycotoxin chal-
lenge diets with calculated target mycotoxin levels included: control, 
DON (9 ppm) challenge, AFB1 (2 ppm) + FUM (54 ppm) challenge, 
and a mixed challenge comprised DON (6 ppm) and AFB1 (1 ppm) + 
FUM (27 ppm). Assayed values of DON in challenge diets were close 
to targets. Assayed values of AFB1+FUM varied and were often below 
target, indicating inconsistent levels in source corn. Hens were random-
ized, placed into commercial type laying cages, and were fed respective 
diets for the duration of the trial. At wk 6, 7, and 10, the AFB1+FUM 
diet decreased (P < 0.05) egg weight compared with mixed or DON 
diets. At wk 7, the AFB1+FUM and mixed diets decreased (P < 0.05) 
egg length compared with the DON diet. At wk 7, all mycotoxin diets 
increased (P < 0.05) specific gravity compared with controls. At wk 5, 
the DON diet decreased (P < 0.05) egg shell thickness compared with 
the AFB1+FUM diet. At wk 6 and 7, all mycotoxin diets increased (P 
< 0.05) egg shell thickness compared with controls. The variable nature 
of some observed measurements suggests pre-peak production laying 
hens may be relatively resistant to DON, AFB1, and/or FUM mycotoxin 
challenge at levels evaluated in the current trial.

Key Words: mycotoxin, egg weight, shape index, specific gravity, egg 
shell thickness

P278   Effects of housing system and hen strains on skeletal 
integrity and egg quality of laying hens at the end of the first laying 
cycle. R. Adhikari*1, J. H. Kim2, and W. K. Kim1, 1University of Mani-
toba, Winnipeg, MB, Canada, 2National Institute of Animal Science, 
Chungnam, Republic of Korea.

The objective of this study was to evaluate differences in skeletal integ-
rity and egg quality between 2 strains (Bovan White and Shaver White) 
of laying hens reared in 2 different cage systems (conventional and 
enriched). Two different strains of laying hens housed in a conventional 
cage system (CC) with 5 birds/ cage providing 561.6 cm2 of floor space 
per hen or enriched cage system (EC) with 24 birds/cage providing 
642 cm2 of floor space per hen were selected for the study in a 2 × 2 
factorial design. The EC contained perch, curtained nesting area and 
scratch pad. A total of 40 cages (10 cages/strain/cage system) were used 
for the study. On 55 wks 2 eggs per cage were collected to measure egg 
quality parameters: egg weight (EW), specific gravity (SG), Breakage 
strength (BS), shell thickness (ST), and Haugh Unit (HU). At the end of 
65 weeks one bird per pen was euthanized to collect left femur and tibia 
to measure bone mineral density (BMD), bone mineral content (BMC) 
and bone area using dual-energy x-ray absorptiometry. Tibia BMD and 
bone area of EC hens were higher (P < 0.05) than those of CC hens; 
however there was no difference in bone area. Femur bone area of EC 
hens was lower (P < 0.05) compared with those of CC hens; however 
there was no difference in BMD and BMC. Femur BMD and BMC of 
Shaver were higher than those of Bovan (P < 0.05). BMD and bone 
area of tibia were better in Shaver than in Bovan (P < 0.05). The result 
showed that Shaver in enriched cages achieved the best bone health; 
however, there was no significant cage and breed interaction. There was 
no difference in body weight, EW, SG, BS, ST, and HU between the 2 
cage systems. Eggs from Shaver had higher SG than Bovan, whereas 
eggs from Bovan had higher BS (P < 0.05). This study indicates that 
laying hens housed in enriched cages may have better bone quality than 
in conventional cages at the end of the first laying cycle.

Key Words: laying hen, skeletal integrity, cage system
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P279   Engaging undergraduate animal science majors in career 
opportunities using basic poultry research projects. R. S. Beyer* 
and C. Hancock, Kansas State University, Manhattan.

Over many decades, the number of faculty specializing in poultry 
production have declined both in total number as well as a percent of 
all animal production-related faculty in the US During this same time 
period, commercial poultry production has continued to expand and 
seek graduates to fill the needs of the industry. A small, but significant 
number of faculty exist in many larger animal science departments 
to fill the needs of special state industries, teaching requirements and 
directed research programs. These faculty must find a way to engage 
students who initially considered careers in areas such as pre-veterinary 
sciences, equine and large animal production. Undergraduate students 
who enrolled in a general poultry production course were offered an 
opportunity to participate in individual research projects during the 
semester as part of the laboratory portion of the course. Although not 
required, participation in the research lab in 2 successive courses was 
100% even though it required significant work outside of normal class-
room activities. The projects were related to nutrition, management, 
and behavior. Of 11 student projects, 9 groups completed the research 
activities. Surveys indicate that out of 24 students, just 5 were initially 
enthusiastic about poultry-related careers while at the conclusion of the 
projects 22 would consider a career in the poultry industry. Interest in 
poultry management increased to 60% while interest in bird behavior 
increased 40%. An interesting response by the students at the conclu-
sion of the projects was that 100% indicated that their perception of 
the poultry industry in general had improved strongly. Every student 
indicated that they better understood industry problems after participa-
tion in the project. Engaging undergraduate students in research is an 
excellent method to attract students in smaller programs, and it may 
as well promote this important food production industry in a positive 
manner even if these students work in other careers.

Key Words: poultry, research, undergraduate, faculty numbers

P280   Coefficient of variation standards range for broilers per-
formance experiments in Brazil. P. A. P. Ribeiro*, G. V. Polycarpo, 
J. C. Dadalt, M. F. C. Burbarelli, B. R. Viana, and R. Alquerque, FMVZ 
University of Sao Paulo, Pirassununga, SP, Brazil.

The precision of an experiment can be measured mathematically by 
the coefficient of variation (CV). Low coefficients of variation indicate 
that the experimental design and variation sources were accordingly 
controlled. To establish the CV ranges for the most usual performance 
parameters used on broilers experiments were used 163 scientific papers 
published at the most relevant journals of poultry and animal science in 
Brazil. Only experiments conducted from hatching through slaughter 
age were considered. 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 weight gain, feed consumption and feed 
conversion CVs are presented in the top part of Table 1, and the CV 
classification ranges of some broiler productive parameters are presented 
in the bottom part. Each parameter has its own expected range of the 
coefficient of variation. Experiments that presents CV values higher 

than 3.91, 3.97 and 3.63 for weight gain, feed consumption and feed 
conversion respectively might have uncontrolled sources of variation.

Table 1. Number of observations (N), mean, median, minimum (Min), maxi-
mum (Max), standard deviation (SD), pseudo sigma (PS), and normality prob-
ability by the Cramer-Von-Mises test for CVs from broiler productive parame-
ters (top) and CV classification range of broiler productive parameters (bottom)

Parameter N Mean Median Min Max SD PS Norm.

Weight gain 149 3.23 2.74 1.30 18.51 1.83 1.17 <0.005
Feed consumption 160 3.11 2.80 0.90 10.26 1.52 1.17 <0.005
Feed conversion 163 3.41 2.46 0.57 87.00 6.88 1.16 <0.005

 Low Medium High Very high

Weight gain <1.57 1.57<CV<3.91 3.91<CV<5.08 >5.08
Feed consumption <1.63 1.63<CV<3.97 3.97<CV<5.13 >5.13
Feed conversion <1.30 1.30<CV<3.63 3.63<CV<4.79 >4.79

Key Words: coefficient of variation, broiler, precision

P281   Small poultry flock resources available on www.eXten-
sion.org. J. P. Jacob* and A. J. Pescatore, University of Kentucky, 
Lexington.

Small flocks on family farms were the basis of poultry production in 
the US in the first half of the twentieth century. Land-grant colleges and 
universities were an important resource for these producers. More than 
40 state universities had poultry science departments in the 1950s and 
provided information on nutrition, genetics, physiology, health and food 
science. Changes in the structure of the poultry industry lead to larger 
farms and companies and a historic decline in small flocks. A resurgence 
of small flocks is presently occurring. In the past few years there has 
been growing interest in locally-grown foods, including poultry meat 
and eggs. It is becoming more common to see small chicken flocks 
kept in backyards in many large cities. In the more rural areas there has 
been an increase in the production of niche market poultry production 
such as organic and pasture-raised. With the loss of university poultry 
science departments, and with retirements of key extension people, 
there has been a loss of updated extension publications addressing the 
management needs of this poultry sector. Many producers have turned to 
outdated books as well as non-science-based and anecdotal information 
to meet their education needs. The small and backyard flock resource 
area on eXtension.org fills that gap and supports extension offices 
throughout the country. The information posted online is supported by 
researchers and educators with poultry experience in both large and small 
production settings. The Small and Backyard Flock resource on eXten-
sion (www.eXtension.org/poultry) has information on getting started as 
well as poultry anatomy, behavior, biology, nutrition, and management. 
There are more than 250 frequently asked questions and 350 glossary 
terms, 100 articles, 9 You-Tube videos, as well as 14. The website is 
available to anyone, at any time, from any internet connection allow-
ing eXtension to solve real-life problems in real time. More material 
is continually being developed. Becoming a member of the eXtension 
network allows poultry specialists to bring their unique education, skills 
and experience to a wide community of interested users and enabling 
them to reach a larger audience.

Key Words: small flock, extension
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P282   Molecular identification of bacteria involved in lameness 
in broiler. A. Al-Rubaye*, S. Ojha, R. F. Wideman, and D. D. Rhoads, 
University of Arkansas, Fayetteville.

Lameness is one of the main metabolic diseases related to fast growth 
in broilers. It is a significant problem in the poultry industry resulting in 
hundreds of millions of dollars in lost revenue annually. In commercial 
broilers, the most common cause of lameness is bacterial chondrone-
crosis with osteomyelitis (BCO). Dr. Wideman, from the Department 
of Poultry Science, University of Arkansas, has developed a model to 
induce lameness in commercial broilers. The model involves raising 
broilers on wire flooring which results in an incidence of lameness rang-
ing between 30 and 50%. We have cultured bacteria from femoral heads, 
tibial heads, and blood, from clinically lame broilers. We then used PCR 
sequencing of 16S ribosomal DNA for bacterial species identification. 
In most cases BCO was attributable to Staphylococcus species, with 
the primary bacterium being S. agnetis based on BLAST alignments. 
Bacteria can enter the blood stream either through the respiratory or 
gastrointestinal tract. We hypothesize that blood-borne bacteria then 
settle in microfractures in the proximal heads of femora and tibiae 
contributing to lameness. Staphyloccus species also were cultured from 
the blood of apparently healthy broilers. Knowing the bacterial species 
responsible for causing lameness and the route of transmission to broilers 
will provide key insights for developing measures for mitigating BCO 
and ultimately reducing the associated economic losses.

Key Words: lameness, molecular, bacteria

P283   Genetic diversity of Saudi native chicken strains using 
d-loop marker of mtDNA. M. M. Fathi*1, H. A. Yacoub2, O. Fahmy1, 
and I. Al-Homidan1, 1Qassim University, Department of Animal Pro-
duction and Breeding, Buraydah, Al-Qassim, Saudi Arabia, 2King 
Abdul Aziz University, Department of Biological Sciences, Jeddah, 
Saudi Arabia.

This study was carried out to figure the potential use of a d-loop marker 
of mtDNA in discriminating among Saudi native chicken strains and 
other species of genus Gallus. Thirty-two blood samples from 3 strains 
of Saudi native chicken were collected (9 Black, 13 Dark brown and 10 
Bronze). Then, the genomic DNA was isolated from each blood sample 
using AccuPrep Genomic DNA extraction kit (Bioneer Corporation). 
DNA samples were stored at −20C for use after concentration test 
with UV spectrophotometer. The PCR products were purified using 
Sephedex-G50. An ABI3730XL DNA analyzer (Applied Biosystems, 
Foster City, CA) was used for direct sequence using nucleotide dye ter-
minators. Sequencing alignment was achieved to figure the similarities 
among Saudi chicken strains and sequences on GenBank databases using 
nucleotide-nucleotide BLAST (blastn) software (http://www.ncbi.nlm.
nih.gov/blast/) and CLUSTALW 2.0.12. The results indicated that native 
chicken strains and genus Gallus species have a tandem repeat sequence 
with (14) base unit into 2 copy. Also, there was clear evidence that the 
3 strains of native chicken have a unique tandem repeat sequences with 
(42) base unit as a 2 copy. Two haplotypes (T) and (C) was observed in 
native chicken strains. The results exploited that there were 26 transi-
tion substitutions in nucleotide sequences specific for native chicken 
strains, whereas, in case of genus Gallus it was found 120 mutant sites. 
We found that the genetic divergence between these types of chickens 
was very low (0.022). The phylogenetic tree revealed that each strain 
of Saudi native chicken belonged to each other with the same cluster. 

Additionally, each strain has its own cluster in some individuals. Results 
excited that subspecies Gallus gallus spadiceus and (Gallus sonneratii 
and Gallus lafayetii) are closely related to black strain of native chickens.

Key Words: Saudi native chicken, d-loop marker, mtDNA

P284   Global transcriptome analysis of laying hen preadipocytes 
treated with adipogenic cocktail with or without 20(S)-hydrox-
ylcholesterol. A. Regassa* and W. K. Kim, University of Manitoba, 
Winnipeg, MB, Canada.

This study was conducted to analyze transcripts differentially expressed 
between hen preadipocytes treated with adipogenic cocktail (DMIOA) 
containing 500 nM dexamethasone, 0.5 mM 3-isobutyl-1-methylxan-
thine, 20 µg/mL insulin and 300 μM oleic acid and non-treated cells 
and between preadipocytes treated with DMIOA alone and those treated 
with a combination of DMIOA and 5 μM of 20(S)-hydroxycholesterol 
(DMIOA+20S) using Affymetrix GeneChip Chicken Genome Array 
containing 28,000 transcripts. Gene ontology terms were generated 
using Ingenuity pathway analysis. Out of 2,060 detected genes, 1,203 
were overexpressed in non-treated cells, and 830 were overexpressed in 
cells treated with DMIOA. Similarly, out of 260 differentially detected 
genes, 112 were overexpressed in cells treated with DMIOA alone and 
148 were overexpressed in those treated with DMIOA+20S. Whereas 
transcripts overexpressed in non-treated cells compared with those 
treated with DMIOA include those involved in cell-to-cell signaling and 
interaction (IL6, CNN2, ITGB3), cellular assembly and organization 
(BMP6, IGF1, ACTB), and cell cycle (CD4, CD9, CD38), transcripts 
overexpressed in DMIOA compared with non-treated cells include those 
involved in cellular development (ADAM22, ADAMTS9, FIGF), lipid 
metabolism (FABP3, 4 and 5), molecular transport (MAP3K8, PDK4, 
SLCO2B1). Similarly, transcripts overexpressed in cells treated with 
DMIOA compared with those treated with DMIOA+20S include those 
involved in lipid metabolism (ENPP2, DHCR7, DHCR24), molecular 
transport (FADS2, SLC6A2, CD36), vitamin and mineral metabolism 
(BCMO1, AACS, HSD17B7). Transcripts overexpressed in cells treated 
with DMIOA+20S compared with those treated with DMIOA include 
those involved in cellular growth and proliferation (CD44, CDK6, 
IL1B), cellular development (ADORA2B, ATP6VOD2, TNFAIP3), 
and cellular movement (CCL20, CCK, VCA). In conclusion, this study 
generated large scale gene expression data that would help for better 
understanding of the biology of adipocytes and the effect of 20(S) on 
adipogenesis in laying hens.

Key Words: hen, preadipocyte, adipogenesis, 20S

P285   Differential expression of key adipogenic transcription 
factors between preadipocytes isolated from young and old hens. 
A. Regassa* and W. K. Kim, University of Manitoba, Winnipeg, MB, 
Canada.

This study was conducted to study the expression of key adipogenic 
transcription factors in preadipocytes isolated from young and old Single 
Comb White Leghorn hens (Lowman). In experiment 1, preadipocytes 
were isolated from 20-week-old hens and treated with 10% fetal bovine 
serum (FBS), 10% chicken serum (CS), FBS + 5 μM of adipogenic 
cocktail (DMI) containing 500 nM dexamethasone, 0.5 mM 3-isobutyl-
1-methylxanthine and 20 µg/mL insulin, DMI + 300 μM oleic acid (OA) 
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(DMIOA), FBS + OA and CS + OA, respectively, for 48 h. In experiment 
2, preadipocytes were isolated from 40-week-old hens and treated with 
FBS, FBS + OA, CS, and CS +OA, respectively. Relative expressions 
of genes in different groups were measured by quantitative real-time 
reverse transcriptase polymerase chain reaction (qRT-PCR) using ∆∆Ct 
method. The C/EBPα and C/EBPβ were significantly expressed (P < 
0.05) in cells isolated from young hens and treated with CS, FBS + 
DMIOA, FBS + OA and CS + OA as compared with those treated with 
FBS alone. Similarly, PPARγ2 was significantly expressed (P < 0.05) 
in cells treated with FBS + DMIOA, FBS + OA and CS + OA, whereas 
FABP4 was significantly expressed (P < 0.05) in cells treated with CS, 
FBS + DMI, FBS + DMIOA, FBS + OA and CS + OA compared with 
those treated with FBS alone. However, in preadipocytes isolated from 
old birds, except FABP4, which was significantly induced (P < 0.05) 
in cells treated with FBS + OA, CS, and CS + OA, the expressions of 
PPARγ2, C/EBPβ and C/EBPα were not changed across the treatment 
groups. Additionally, higher accumulation of lipid droplets was also 
observed in cells treated with CS + OA, DMIOA, CS and FBS + OA. 
Overall, the expressions of these key adipogenic transcription factors 
excelled in cells isolated from young bids and treated with CS alone and 
CS + OA as compared with those isolated from old birds. In conclusion, 
age of the donor birds affects the expression of adipogenic transcription 
factors and hence adipogenesis in laying hens.

Key Words: hen, preadipocyte, adipogenesis, adipogenic transcription 
factor

P286   Effects of phenamil on the expression of adipogenic tran-
scription factors in preadipocytes isolated from laying hens. A. 
Regassa*1, K. W. Park2, and W. K. Kim1, 1University of Manitoba, 
Winnipeg, MB, Canada, 2University of Sungkyunkwan, Suwan, Korea.

This study was conducted to examine the effects of 2 levels of phenamil 
with or without adipogenic cocktail (DMIOA) containing 500 nM dexa-
methasone, 0.5 mM 3-isobutyl-1-methylxanthine, 20 µg/mL insulin and 
300 μM oleic acid on the expression of adipogenic transcription factors 
in hen preadipocytes. Preadipocytes were isolated from 20-week Single 
Comb White Leghorn hen (Lohmann) and treated with DMIOA alone, 
DMIOA + 15 μM phenamil, DMIOA + 30 μM phenamil, 15 μM phena-
mil, and 30 μM of phenamil for 2 d. Cells were cultured in Dulbecco’s 
modified Eagle’s medium containing 10% fetal bovine serum. Relative 
expressions of genes in different groups were measured by quantitative 
real-time reverse transcriptase polymerase chain reaction (qRT-PCR) 
using ∆∆Ct method. Data were analyzed using the general linear model 
procedure of the SAS Institute (version 9.2), and probability values of 
P < 0.05 was considered significant. The expressions of PPARγ2 and 
C/EBPβ were significantly increased (P < 0.05) by 4.9, 5.5, 4.1 and 
4.8 and 2.1, 2.3, 2 and 2.2 fold changes in preadipocytes treated with 
DMIOA + 30 μM phenamil, DMIOA + 15 μM phenamil, 30 and 15 
μM phenamil, respectively, compared with non-treated cells. Similarly, 
FABP4 expression was significantly increased (P < 0.05) by 11.5, 66.4, 
87.1, 39.2 and 58.9 fold changes in preadipocytes treated with DMIO, 
DMIOA + 30 μM phenamil, DMIOA + 15 μM phenamil, 30 and 15 
μM phenamil, respectively, compared with non-treated cells. However, 
there were no changes in the expression of LPL among preadipocytes in 
all treatment groups. In conclusion, the results of this study show that 
phenamil can be considered as a potential adipogenic agent capable of 
inducing adipogenesis, providing insights on molecular regulation of 
adipogenesis in laying hens.

Key Words: laying hen, PPARγ2, preadipocyte, adipogenesis, phenamil

P287   Methodology for high quality RNA extraction from poul-
try whole blood for further gene expression analysis. J. L. Mewis*, 
X. Sun, M. J. Zuidhof, and L. L. Guan, University of Alberta, Edmon-
ton, AB, Canada.

Transcriptome analysis of whole blood may identify the molecular phe-
notypes of production animals. However, there is no available method 
for isolation of high yield and quality RNA from avian whole blood 
due to nucleated red blood cells (RBC) hindering the use of established 
protocols. In this study we aimed to develop and evaluate total RNA 
extraction methods from avian whole blood for further gene expres-
sion research. Blood collections from the cutaneous ulnar or medial 
metatarsal veins of birds were ideal for adequate blood volume (2 to 
3 mL) draws. RNA isolation was attempted using the PAXgene Blood 
miRNA Kit (PreAnalytix), and a modified TRIzol LS protocol follow-
ing a column based purification. PAXgene Blood miRNA Kit has been 
widely used to extract high quality of total RNA from whole blood of 
mammalian species, but it failed to isolate RNA from avian whole blood 
likely due to reagent inability to completely lyse the nucleated RBC. 
Successful isolation of RNA was accomplished from a small amount of 
whole blood using TRIzol LS solution following a RNeasy MinElute 
Cleanup (Qiagen) treatment. By using this protocol, 2 to 3 µg of total 
RNA was obtained from 0.125 mL of avian whole blood, with RNA 
integrity numbers of 7.2 to 8.0. Our results revealed that the developed 
protocol is reliable and reproducible to extract high yield and quality of 
total RNA from small amount of avian whole blood samples.

Key Words: gene expression, RNA, methodology, avian red blood cell

P288   Improved chromosomal integration of exogenous genes in 
avian cells with Tol2 transposon. Y. Kase*1, S. Ito1, K. Ishibuchi1, 
K. Kawakami2, Y. Takahashi3, and K. Maruyama1, 1Meiji University, 
Kawasaki, Japan, 2National Institute of Genetics, Mishima, Japan, 
3Kyoto University, Kyoto, Japan.

Chromosomal integration of exogenous genes is the most critical step 
in transgenesis. For pharmaceutical production, we chose a transposon 
instead of virus to deliver DNA into the avian genome. The hypothesis 
was that chromosomal integration was improved by the transposon, Tol2. 
The objective was to assess its effectiveness with 4 transfection methods. 
EGFP was used as a reporter gene, being included in pCX, the control 
and in pT2K-CAG, the transposon cargo vector. Tol2 transposon required 
additional pCAGGS-T2TP, transposase expression vector. LMH cells, 
from the chicken hepatoma cell line, were transfected by lipofection, 
electroporation, sonoporation, or the combination of electroporation and 
sonoporation. LMH cells were cultured in Waymouth MB 752/1. On d 
2, 7, 14, and 21 after transfection, cells were fixed and observed under 
a fluorescent microscope for nuclei with blue fluorescence by Hoechst 
33342 and for EGFP with green fluorescence at 100X. Cells emitting 
blue and/or green fluorescence were counted at 9 fields in each 35-mm 
dish. Apparent transfection efficiency (ATE) was % of cells expressing 
both genomic and cytoplasmic EGFP copies. It declined steadily until 
d 14 and leveled off afterward. Chromosomal integration efficiency 
(CIE) was computed by dividing ATE on d 21 (ATE21) by ATE on Day 
2 (ATE2). When lipofection was used, ATE2 was 45.1% and 60.1%, 
ATE21 was 7.4% and 0.1%, and CIE was 16.4% and 0.2% with Tol2 
and pCX, respectively. As compared with lipofection, electroporation 
was nearly half as effective. When sonoporation or the combination was 
used, ATE2 was markedly reduced, making CIE values meaningless. 
When all data were pooled, CIE was significantly better with Tol2 as 
compared with pCX, regardless of the transfection method. In conclu-
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sion, Tol2 is better suited to deliver exogenous genes into the genome 
of hypoblasts, in vivo for avian transgenesis.

Key Words: chromosomal integration, transposon, Tol2, lipofection, 
LMH cell line

P289   Developmental and dietary regulation of TNC, COL3A1 
and EPHB2 expression in adipose tissue of broiler chickens. A. 
Stewart*, G. Kelley, J. Donkor, B. Kimathi, and X. Wang, Tennessee 
State University, Nashville.

Adipose tissue development is regulated through a complex network 
of genetic and environmental factors. Despite that many genes have 
been implicated in the regulatory network, they are often not found to 
be responsible for differential adipose tissue accumulation by quanti-
tative trait mapping studies. Previous investigation in our laboratory 
have shown that differential accretion of abdominal adipose tissue may 
involve Tenascin C (TNC), Collagen type III α 1 (COL3A1), Ephrin 
type-B receptor 2 (EPHB2). To assess their role in fat tissue develop-
ment, we studied their developmental regulation and their responses 
to dietary caloric manipulation. One-day-old broiler chicks were fed 
either a low or a high caloric diet from hatch to 8 weeks of age (WOA). 
Differences in dietary caloric content markedly affected bodyweight 
of the broiler birds. The mRNA levels of these genes in the abdominal 
adipose tissue were assayed at 2, 4, 6 and 8 WOA using RT-qPCR from 
the male chicks. Results show that (1) the expression of COL3A1 was 
modulated by dietary caloric content; (2) TNC mRNA level was sig-
nificantly affected by age and diet interaction; (3) EPHB2 mRNA level 
had significant age difference.

Key Words: broiler chicken, abdominal adipose, gene expression, fat 
tissue, gene regulator

P290   MiR-133a targets BIRC5 to regulate its gene expression 
in chicken. Z. L. Gu*1, X. G. Wang1,2, F. Shao1, D. Q. Gong2, and X. 
Y. Lu1, 1Changshu Institute of Technology, Changshu, Jiangsu, China, 
2Yangzhou University, Yangzhou, Jiangsu, China.

miR-133a is a muscle-related miRNA in mammals. It can regulate 
muscle proliferation and hypertrophy by targeting myogenic genes. 
The current study was conducted to investigate the expression pattern 
of miR-133a in various chicken tissues, and find whether baculoviral 
IAP repeat containing 5 (BIRC5) is the target gene of miR-133a.The 
bioinformatics method “miRanda” along with “TargetScan” was used to 
predict the target genes of miR-133a according to the 3′UTR database. 
Real-time qRT-PCR (TaqMan MicroRNA Assay, Applied Biosystems) 
were used to detect the expression patterns of miR-133a of various tis-
sues in chicken. Dual-luciferase reporter assays which determine the 
interaction between miRNA and predicted target gene and site mutation 
assays were used to verify whether BIRC5 is target gene of miR-133a. 
We found that 287 of 11891 genes from 3′UTR database were predicted 
as target genes of miR-133a. BIRC5 was among the predicted target 
genes. The expression patterns of miR-133a in various chicken tissues 
showed that miR-133a was highly expressed in muscle especially in 
skeletal muscle such as chest muscle and thigh muscle, indicating miR-
133a is involved in the development of skeletal muscle. Dual-luciferase 
reporter assays showed that BIRC5 was the target gene of miR-133a 
and the site mutation assays validated the target site of miR-133a in 
BIRC5, indicating miR-133a downregulates the expression of BIRC5. 
These results suggested that miR-133a is a miRNA related with skeletal 
muscle development of chicken, and BIRC5, one of the predicted target 

genes of miR-133a in chicken, is a bona fide target gene of miR-133a, 
and miR-133a can downregulate the expression of BIRC5.

Key Words: chicken, skeletal muscle, miR-133a, target gene, BIRC5

P291   Polymorphisms in GHRL, GHSR, and IGF1R genes and 
their associations with feed efficiency in chickens. S. Chen*, S. Jin, 
Y. Lu, G. Xu, and N. Yang, China Agricultural University, Beijing, 
China.

Few studies of the ghrelin (GHRL), growth hormone secretagogue 
receptor (GHSR), and insulin-like growth factor 1 receptor (IGF1R) 
genes have been reported to be associated with body weight (BW), 
body weight gain (BWG), feed conversion ratio (FCR), and feed intake 
(FI) in chickens. In this study, 16 SNPs in GHRL, GHSR, and IGF1R 
genes were chosen to be genotyped by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF MS). Poly-
morphisms in these genes and their association with growth and feeding 
traits, including body weight at 49, 70 d of age (BW49 and BW70), 
BWG, FCR, and FI in the interval, were examined in 2 yellow meat-
type populations with 724 birds in total. Three SNP were excluded for 
a very low minor allele frequency (<1%) or monopolymorphism. The 
results showed that rs15675067 of GHRL was significantly associated 
with BW70, BWG, and FCR (P < 0.05). For GHSR, rs16675844 had 
significant effects on FI and FCR (P < 0.01), and that rs14678932 showed 
significant association with BWG and FI (P < 0.05). Rs14011780 of 
IGF1R was strongly associated with BW49, BW70, and FCR (P < 0.05). 
Furthermore, haplotypes based on 3 SNPs of rs14986828, rs15675067, 
and rs15675065 in GHRL were significantly associated with BW70 and 
FCR (P < 0.05). Meanwhile, a 3-SNP haplotype comprising rs14011783, 
rs14011780, and rs14011776 in IGF1R showed significant effects on 
BW49, BW70, and FCR (P < 0.05). Therefore, it was concluded that the 
identified SNPs and analyzed haplotypes in this study might be useful 
for broiler breeding programs.

Key Words: chicken, feed conversion ratio, GHRL, GHSR, IGF1R

P292   Effect of distillery vinasse on the productive performance, 
expression of IGFBPs gene and DNA damage in Japanese quail 
fed diets contaminated with phenol. M. G. Eshak*1, I. M. Farag1, 
M. Fadel2, and F. K. R. Stino3, 1National Research Center, Cell Biol-
ogy Department, Giza, Egypt, 2National Research Center, Microbial 
Chemistry Department, Giza, Egypt, 3Cairo University, Animal Pro-
duction Department, Giza, Egypt.

The objectives of the present study were to evaluate the efficacy of 
vinasse to ameliorate the productive performances, changes in the 
expression of insulin-like growth factor binding proteins (IGFBPs) 
gene and DNA damage in Japanese quail fed diets contaminated with 
phenol. Eighty (3 week old) male Japanese quail were randomly divided 
into 8 groups. The control group was fed a commercial quail starter diet 
(26% protein and 3150 ME kcal/kg). The treatment diets were supple-
mented with 3 levels of vinasse (2.5, 5, and 7.5% alone or with phenol 
(0.75 g/kg diet). The quail groups received their prospective diets for 
3 weeks. Compared with the control group, phenol alone, significantly 
(P ≤ 0.05), reduced body weight gain (BWG) as well as liver and testis 
weights. Also, phenol caused significant (P ≤ 0.05) downregulation of 
the expression of IGFBPs gene in the liver, testis and breast muscles 
and significantly increased the rate of DNA fragmentation. Addition 
of vinasse to the phenol diets significantly (P ≤ 0.05) diminished most 
of the negative effects of the phenol and ameliorated BWG, liver and 
testis weights, gene expression and DNA damage. The improvements 
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of such measurements were more pronounced in phenol plus vinasse 
(7.5%) diet than any of the other vinasse treatments. The addition of 
vinasse, especially vinasse (7.5%) to the basal diet, without phenol, 
significantly increased BW, BWG, liver and testis weights as compared 
with the control. Furthermore, the expression of IGFBPs gene in testis 
and liver increased significantly (P ≤ 0.05) in quail fed vinasse diets 
especially vinasse (7.5%). DNA fragmentation decreased significantly 
with the increase of vinasse dose in the feed. In conclusion, the present 
results demonstrated the protectiveness of vinasse against the harmful 
effects of phenol in quail feed. It can be concluded that supplementa-
tion of vinasse (7.5%) in quail rations prevented or reduced the toxic 
effects of phenol.

Key Words: vinasse, body weight, RT-PCR, DNA damage, quail

P293   Mapping QTL affecting growth performance in chicken. 
M. K. Nassar*1 and G. A. Brockmann2, 1Cairo University, Giza, Egypt, 
2Humboldt-Universität zu Berlin, Berlin, Germany.

Growth is a complex quantitative trait resulting from various develop-
mental processes that are genetically determined by many genes. Knowl-
edge of genes contributing to chicken growth can be used to identify 
variants of these genes in production lines. Reciprocal crosses between 
the inbred lines New Hampshire (NHI) and White Leghorn (WL77) 
comprising 579 F2 individuals were used to map quantitative trait loci 
(QTL) for developmental changes in body weight and body weight gain. 
Body weights were recorded every 5 weeks between hatch and 20 weeks. 
The lines NHI and WL77 had been selected for high body weight at 
the age of 20 weeks and for low egg weight, respectively, before both 
lines were inbred. The inbreeding coefficients of the NHI and WL77 
lines were about 86 and 99%, respectively. NHI chickens show a 2-fold 
higher body weight at selection age compared with WL77. Chickens 
were genotyped for 123 marker loci covering 25 chromosomes. Linkage 
analysis provided evidence for a highly significant (13.68 ≤ F ≤ 96.04) 
QTL controlling body weight and weight gain on GGA4 between 142 
and 170 cM. This locus explained 4.6 to 25.6% of the corresponding 
phenotypic F2 variances. The NHI QTL alleles had positive additive 
effects on all growth traits. Besides body weight, the GGA4 effect was 
evident also for egg weight, carcass composition and fat deposition 
(Goraga et al., 2011; Nassar et al., 2012a,b). Additional genome-wide 
significant and highly significant QTL for body weight and weight gain 
were mapped on GGA1, 2, 10, 11 and 27. These loci accounted for 2.9 
to 9.5% of the corresponding F2 variances. Physical dissection of the 
QTL on GGA4 by repeated back-crossing of recombinant QTL intervals 
to one of the parental lines, the generation of advanced-intercross lines, 
or combined analyses of different crosses in which QTL were found in 
the same genomic region could be used to find shorter haplotypes that 
account for the observed effects. The final identification of genes will 
contribute to our understanding of the complex inheritance pattern of 
growth regulation in chicken.

Key Words: inbred chicken line, linkage, body weight, body weight 
gain, gene mapping

P294   Evaluation of the genetic diversity and relationship of 
Korean native chicken breeds using microsatellite markers. J. H. 
Kim*1, S. W. Suh1,2, S. B. Choi1, Y. S. Kim1, Y. J. Do1, Y. G. Ko1, S. 
W. Kim1, D. H. Kim1, H. T. Lim2, and M. J. Byun1, 1National Institute 
of Animal Science, Korea, 2Gyeongsang National University, Korea.

Genetic characterization is a useful tool for the conservation and man-
agement of animal genetic resources. The genetic diversity and relation-

ship were evaluated in 455 individuals from 11 Korean native chicken 
(KNC) breeds. Three exotic chickens (Rhode Island Red, White Leghorn 
and Dark Cornish) breeds were used to verify the genetic relationship 
and population structure with KNC breeds. A total of 282 alleles were 
observed across 29 microsatellite loci. The number of alleles per locus 
was in the range of 3 to 20, with a mean number of 9.72. The polymor-
phism information content (PIC) value among microsatellite markers 
ranged from 0.254 (LEI0166) to 0.630 (MCW0145). Among the 11 KNC 
breeds, the observed heterozygosity (Ho) ranged from 0.295 (HSY) to 
0.638 (HS). The Ho was lower than the expected heterozygosity (He) 
in all breeds. Moreover, the number of alleles ranged from 1.97 (HSY) 
to 5.55 (JGS). In the phylogenetic analysis of individuals, 9 KNC and 3 
exotic breeds formed single distinct genetic units, where all individuals 
were clustered to their breed origin. However, some individuals of 2 
KNC breeds (JGS and HwGS) clustered with other breeds. Individual-
based clustering analysis revealed that most individuals clustered to their 
breed origin. However, genetic subdivisions occurred among several 
breeds. In the Factorial correspondence analysis (FCA), 3 breeds (HI, 
HB, and HSY) showed high levels of genetic differentiation compared 
with the others. The conclusions which can be drawn from this study 
are: 1) the farm-derived breeds showed relatively low genetic diversity 
compared with others, 2) each KNC breed has distinct genetic charac-
teristics to distinguish it from exotic breeds. The molecular information 
of genetic diversity and relationships in this study will be useful for 
the evaluation, conservation and utilization of KNC as animal genetic 
resources.

Key Words: genetic diversity, relationship, Korean native chicken, 
microsatellite, animal genetic resource

P295   Sperm mediated gene transfer in chickens using a dehy-
dration/rehydration protocol. M. A. Barrios*, B. J. Jordan, and R. B. 
Beckstead, University of Georgia, Athens.

Transgenic animals have been used to elucidate some of the basic 
tenets of growth and development. Chickens have not been utilized as 
a transgenic model with the same frequency as other organisms because 
of the difficulty in generating transgenic birds. These challenges can 
be partly attributed to the inaccessibility of the early chicken embryos 
inside the oviduct before lay. Thus, techniques used to create mammalian 
transgenic animals are not effective in birds. Recent evidence has shown 
that sperm from several species can take up exogenous DNA or RNA 
and transmit a cDNA copy at fertilization. While sperm mediated gene 
transfer (SMGT) has been successful in other organisms, it has not been 
widely adapted in chickens due to instability of chicken sperm outside 
of the bird. The objective of this study was to test a SMGT technique 
originally developed in catfish using chicken semen. Semen was col-
lected from mature Athens Canadian Random Bred roosters, pooled, and 
diluted to a concentration of 109 sperm/mL. The semen was pelleted, 
washed twice with synthetic, avian sperm diluent to eliminate nucleases 
and debris, and re-pelleted at a low speed to maintain sperm cell integrity. 
The sperm pellet was rehydrated with sperm diluent containing 50 μg of 
pEGFP-N3 and incubated at 55°C for 1 h. A sample of this suspension 
was analyzed for the marker sequence using PCR and the remainder 
used to inseminate 20 hens. The control group consisted of 10 layers 
artificially inseminated with intact semen. Eggs from all inseminated 
layers were collected for 6 d. Our results indicated a drastic drop in 
fertility (87.7% control vs. 6.4% SMGT) when sperm were manipu-
lated to insert pEGFP-N3. Although fertility was severely affected, 
pEGFP-N3 was isolated from 6 embryos, suggesting that chicken sperm 
can be used as a vector to carry transgenes to the egg. Consequently, 
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SMGT represents a novel, viable, and simple transgenesis method that 
overcomes the current difficulties of transgenic chicken technologies.

Key Words: sperm-mediated gene transfer, chicken, sperm, transgene, 
embryo

P296   Using RNA-Seq to characterize tissue transcriptomes at 
various developmental stages of the domestic turkey. S. Kim*1, R. 
Settlage1, W. McMahon1, K. M. Reed2, and R. A. Dalloul1, 1Virginia 
Polytechnic Institute and State University, Blacksburg, 2University of 
Minnesota, St. Paul.

RNA-Seq is a routinely used approach to study gene expression profiles 
by taking advantage of rapidly developing high-throughput sequencing 
technologies. Here we report on the first use of RNA-Seq to gain insight 
into the transcriptional profiles associated with tissue development in the 
domestic turkey. A total of 16 tissues were collected from 4 males and 
4 females at d 1 and wk 1, 2, 3, 4 and 24. Total RNA was extracted and 
quality assessed with an Agilent 2100 Bioanalyzer. RNA-Seq libraries 
were prepared with Illumina TruSeq DNA Library Preparation kits, fol-
lowed by sequencing on HiSeq 1000 using 101-cycle single reads. To 
generate predicted transcripts, RNA-Seq reads were trimmed for adaptor 
and quality, and then assembled via the Velvet/Oases suite across birds 
within tissues and sex by day independently. Assemblies were merged 
across days and kmers keeping tissue and sex separate. CD-HIT was 
used to merge the assembled transcripts across both sex and then tissue to 
produce a comprehensive and minimal transcriptome. Annotation of the 
de novo assembled transcriptome was accomplished by a serial BLAST 
strategy against turkey and chicken genomes and Swiss-Prot database. 
Any remaining unnamed transcripts via BLAST were submitted to 
HMMER. Finally, expression was analyzed by mapping of reads to the 
transcriptome counting via HTSeq, and fold-change and significance 
were determined using DESeq for each developmental stage/tissue/sex 
combination. For liver, the mean number of reads per library was 20 
million with over 88% of reads with mean quality scores higher than 30. 
Assembly merging for each sex within day resulted in approximately 
230 and 170 thousand transcripts found in 35 and 29 thousand loci of 
male and female turkeys at d 1, respectively. Similar results of average 
transcripts per loci were found all other days with an average of 6.1 and 
6.0 transcripts per locus in males and females, respectively. As further 
analyses are completed, this comprehensive overview of gene expression 
will provide detailed insight into tissue-specific transcriptomic changes 
during turkey development.

Key Words: turkey, RNA-Seq, transcriptome

P297   MACS sorting as a means of isolating primordial germ 
cells from stage X embryos. J. A. Payne* and R. B. Beckstead, Uni-
versity of Georgia, Athens.

Cultured primordial germ cells (PGCs) have been shown to incorpo-
rate into the gonads of chick embryos in ovo and have the ability to 
differentiate into viable germ cells. Genetic manipulation of PGCs in 
culture has enabled the production of transgenic progeny. Researchers 
have primarily focused their efforts on isolating PGCs from either the 
blood of 3-d-old embryos or from the gonads of 6-d-old embryos. This 
study aims at exploring new means of isolating PGCs from the stage X 
embryo, to produce cell lines that are viable for genetic manipulation in 
vitro. For each isolation, PGCs were collected from 18 eggs by making 
a small incision lateral to the area pellucida and using a micropipette 
to remove 1ul of fluid from directly below the center of the embryo. 
Cells were directly placed into culture media specific for PGCs or 

were isolated through a magnetically activated cell sorting (MACS) 
column using iron nanoparticles linked to anti-SSEA-1 (stage-specific 
embryonic antigen 1 that is found specifically on the cell surface of 
PGCs) antibodies before being placed into culture media. Isolations 
placed directly in culture media had embryonic tissue and a highly 
mixed population of cells that prevented visualization of the PGCs. 
However, visual analysis based on morphology, size and trypan blue 
dye showed that MACS sorting yielded approximately 40 PGCs per 
egg with 80% of the isolated cells alive directly after isolation. PGCs 
sorted through MACS showed similar characteristics to PGCs isolated 
from later stages, namely, cluster grouping and minor proliferation after 
one week of incubation. These results suggest PGCs from the stage X 
embryo can be isolated by MACS sorting and that these PGCs can grow 
in culture. Our future aim is to see if PGCs isolated from the stage X 
embryo through MACS sorting can be genetically manipulated and be 
incorporated into the gonadal ridge with higher efficiency than PGCs 
isolated from later stages.

Key Words: primordial germ cell, stage X, oviposition, area pellucida, 
magnetic-activated cell sort

P298   Major histocompatibility complex diversity in local Ugan-
dan birds. A. E. Zavelo*1, C. J. Schmidt2, M. F. Rothschild3, M. E. 
Persia3, S. J. Lamont3, and C. M. Ashwell1, 1North Carolina State 
University, Raleigh, 2University of Delaware, Newark, 3Iowa State 
University, Ames.

The major histocompatibility complex (MHC) is a polymorphic highly 
conserved gene family that has key roles in immune response and is cor-
related with various production traits in poultry. LEI0258 is a complex 
microsatellite marker that is located in the MHC and a predictor of MHC 
diversity in chicken populations. As part of a larger project investigat-
ing the genomic factors influencing heat resistance in chickens, DNA 
samples collected in Uganda were analyzed for allelic diversity using 
LEI0258. A total of 126 birds were sampled from multiple farms at 3 
disparate locations in central Uganda, 101 from “native” birds and 25 
Kuroilers. Kuroilers are a chicken breed recently imported from India 
selected for disease resistance, heat resistance and high meat/egg yield 
that had not intermixed with the indigenous population. DNA were 
extracted from blood collected on FTA cards and amplified by primers 
specific for LEI0258. At least 38 different alleles were observed as dif-
ferently sized LEI0258 amplicons across all 126 samples, as assessed by 
agarose gel electrophoresis. Within the Kuroilers sampled, 21 different 
alleles were identified, with 48% of the population being heterozygous. 
In contrast, the “native” birds displayed all 38 alleles and 58% of the 
population was heterozygous. This diversity was expected due to the 
outbred “native” population. Further characterization of these samples 
by comprehensive single nucleotide polymorphism analysis and limited 
whole genome sequencing will provide a better picture of the diversity 
present in these birds.

Key Words: MHC, genetic diversity, heat stress, Africa, immunogenetics

P299   Polymorphism and sequence analysis of growth hormone 
gene and its relationship with body weight in meat type of chicken. 
M. Ekhtiari Sadegh*, C. S. Nagaraja, M. R. Jayashankar, and H. N. 
Murthy, KVFAS Bidar University, Veterinary College, Bangalore, Kar-
nataka, India.

The growth hormone gene is a candidate gene controlling the metabolic 
and physiologic actions. Blood and feather samples were collected from 
200 individuals of birds and genomic DNA was extracted using salting 
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out technique. DNA fragment with 776 bp at growth hormone gene was 
amplified using polymerase chain reaction (PCR).The products from 
each strain (New Genotype, Punjabi Broiler-2, Indian Cornish-3 and 
University Male Line) were digested with MspI. In total, 4 RFLP patterns 
were observed. The genotypic frequencies obtained for different strains 
were tested using chi-squared test. The differences among genotypes for 
all the 4 strains were found to be significant. The overall allele frequency 
for A, B and C alleles were 0.495, 0.110 and 0.395 respectively. Cor-
relation of cGH/MspI patterns with 6 week body weight was estimated. 
There were significant (P < 0.05) differences among 4 strains for body 
weight. Nucleotide sequencing of the amplified fragment of GH gene of 
4 strains were done and submitted to the NCBI GenBank (accession no 
JN403372 and JN403373). The nucleotide sequence analysis indicated 
that the percent similarity of GH gene fragment of 4 strains were more 
than 99%. In this study result also shows that there is a scope for using 
growth hormone gene as a candidate gene for growth traits.

Key Words: cGH gene, polymorphism, PCR-RFLP, sequencing, body 
weight

P300   Discrimination of Korean chicken populations using TYR 
polymorphisms and SNPs from mtDNA. K. N. Heo*, B. S. Kang, 
H. K. Kim, C. D. Kim, O. S. Seo, E. H. Hong, H. J. Choo, M. J. Lee, 
and H. C. Choi, National Institute of Animal Science, RDA, Cheonan, 
South Korea.

Korean native chickens are valuable chicken populations in Korea and 
its price is higher than that of commercial broilers. To discriminate 
developed commercial Korean native chicken population (KN_CC), 
a total of 550 samples from 11 chicken populations were investigated. 
Sequences insertion associated with recessive white from Tyrosinase 
(TYR) gene and the single nucleotide polymorphisms (SNPs) from 
mitochondrial (mt) DNA D-loop region was investigated by polymerase 
chain reaction (PCR) and PCR-restriction fragment length polymor-
phism (PCR-RFLP). As a result, KN_CC can certainly be classified 
as different from other breeds because the KN_CC was Dd type that 
included hetero type of recessive white sequences in TYR gene, and the 
SNP(C/T) of 243 locus in mtDNA D-loop region was T type. It might 
possible that KN_CC could be distinguished from other breeds by the 
insertion associated with recessive white from TYR gene and the SNP 
in the D-loop region of mtDNA.

Key Words: Korean chicken, tyrosinase, mtDNA, SNP, PCR
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P301   The effect of IgY and vaccine on reducing C. jejuni in 
intestine of broilers. G. Sajadi1, S. Rahimi*1, P. Khaki2, and H. Ebra-
himi1, 1Tarbiat Modares University, Tehran, Tehran, Iran, 2Razi Vac-
cine and Serum Research Institute, Karaj, Alborz, Iran.

The purpose of this study was to determine the effect of C.jejuni specific 
IgY and vaccine on BW, FCR, FI and reducing C. jejuni (C.J) in GI 
tractof broilers. Ten TETRA-SL hens were hyper immunized with C.J 
whole cell antigens obtained by ultrasonication and administrated at 
protein concentration of 500 µm/mL after centrifugation. Primary immu-
nization was performed with 250 µg of the antigen prepared in equal 
volume of Freund’s complete adjuvant and saline. Booster injection was 
done twice in each 14 d, using incomplete Freund’s adjuvant. Bleed-
ings were performed 20 d after first injection and eggs were collected. 
The presence of anti- C.J IgY in the yolk and serum was monitored by 
HI test. The results indicated that high titer of IgY may be obtained 21 
and 28 d after first immunization in serum and egg yolk, respectively. 
In phase 2 of experiment, 210 d-old female broilers were randomly 
assigned to 7 groups and 3 replications of 10 birds. The experimental 
groups identified by: C, A, B, C.J, C.J A, C.J B, and C.J V. At d 21 the 
birds from 4 groups were gavaged with 1 mL of C.J 1 × 106 cfu/mL. 
The groups that supplemented with antibody (A, C.J A) received 15 
mL of yolk antibody (Ab) in 3.84 mL of drinking water from d 1to d 
42. The yolk powder treated groups (B, C.J B) received yolk powder, 
0.4% in feed, from d 1 to d 42. One group received treatment vaccine 
of C.J (C.J V) in 1 and 14 d of age. The control group (C) did not treat 
with C.J, Ab and vaccine. Ab alone and vaccine treated groups had 
significantly lower cecal concentration of C.J. Ab and vaccine treated 
groups had a lower isolation of C.J from the liver (P < 0.05). There was 
no significant difference (P > 0.05) in BW, FI, FCR and mortality rate 
between the experimental groups.

Key Words: C. jejuni, IgY, vaccine, powder yolk, broiler

P302   Evaluation of bacterial and viral toll-like receptor ligands 
stimulation of chicken thrombocyte inflammatory response. F. Fer-
dous* and T. R. Scott, Clemson University, Clemson, SC.

Thrombocytes have been well known for their role in homeostasis, 
initiation of wound repair, and, like mammalian platelets, are capable 
of producing several bio-reactive proteins. Thrombocytes have been 
found to express several toll-like receptors (TLRs) that detect the pres-
ence of bacterial or viral pathogens and signal the release of certain 
pro-inflammatory cytokines and mediators. We investigated the response 
of chicken thrombocytes when stimulated with bacterial and viral TLR 
ligands. Based on results from preliminary studies, the purpose of this 
study is to detect any differential responsiveness to bacterial and viral 
ligands. A series of completely randomized designed experiments with 
2 × 5 factorial arrangements of treatments was used where treatments 
were 2 response times (10 and 60 min) and 5 TLR ligands. Thrombocytes 
were isolated from chicken blood and stimulated with no ligand, bacterial 
ligands [Lipopolysaccharide (LPS), and Lipoteichoic acid (LTA)], and 
viral ligands [Polyinosinic-polycytidylic acid (Poly (I:C)) and thymidine 
homopolymer phosphorothioate ODN (Poly(dT)]. Relative quantifica-
tion of IL-6 and iNOS gene expression was performed using RT-PCR. 
Microscopy was used for detection of intracellular IL-6 and NO, and 
releases of these products were examined by the B9 cell bioassay and 
Griess Reagent assay, respectively. Only LPS significantly increased 
gene expression of the IL-6 at 60 min. Although gene expression of 

iNOS did not significantly increase due to ligand exposure, constitutive 
expression of iNOS was observed compared with GAPDH. Viral ligand 
stimulation led to significant increases of NO release into thrombocyte 
supernatants at both time points. IL-6 was observed only in LPS stimu-
lated thrombocyte supernatants at 60 min. Differential responsiveness 
was observed due to different TLR ligands in thrombocytes, which 
appear to be specialized innate immune cells.

Key Words: thrombocyte, nitric oxide, cytokine, toll-like receptor 
ligand, innate immunity

P303   Propolis, bee pollen and mannan oligosaccharides sup-
plemented continuously or intermittently enhanced antioxidants 
enzymes, immunity and lymphoid organs of broiler chicks. Y. A. 
Attia*1,3, M. S. Ibrahim2, A. E. Abd Al-Hamid3, M. A. Al-Harthi1, and 
A. S. El-Naggar3, 1Arid Land Agriculture Department, King Abdulaziz 
University, Jeddah, Saudi Arabia, 2Department of Animal and Poultry 
Production, Faculty of Agriculture, Damanhour University, Daman-
hour, Behria, Egypt, 3Department of Microbiology, Faculty of Veteri-
nary Medicine, Damanhour University, Damanhour, Behria, Egypt.

The aim of this research was to compare the effect of bee pollen (BP) 
and/or propolis (Pro) as an alternative to well-known growth promot-
ers mannan oligosaccharides (MOS) when given continuously or 
intermittently on immune responses, antioxidants enzymes, weight 
and morphology of lymphoid organs of broilers. Thus, a total of 324 
unsexed one-day-old Arbor Acres broilers were randomly distributed 
into 9 treatment groups, each replicated 6 times of 6 birds per replicate. 
The chicks were kept in wire cages and fed the same basal diet and were 
submitted to the following treatments: control without supplementation 
(control), or supplemented with BP at 300 mg, Pro at 300 mg, BP+Pro 
at 300 mg and MOS at 0.5 g/l water. Each supplemented group was 
subdivided into 2 subgroups in which the additives were administrated 
continuously or intermittently. Thus, there were 4 additives each given 
by 2 administration ways plus the control group (un-supplemented). 
In the continuous supplemented groups, supplementations were given 
from one till 36 d of age, and in the intermittent supplemented groups, 
the administration was only 3 d before, on the day of and day after 
vaccination. In conclusion, BP or Pro administrated either by continu-
ous or intermittent way was equally potent for improving immunity, 
antioxidants enzymes and was similar or even better than MOS. All 
supplements given either continuously or intermittently resulted in a 
significant higher thymus and bursa percentages than the control group. 
Combining BP with Pro resulted in further increase in thymus percent-
age compared with control group. Furthermore, diameter of small and 
large follicle of Fabricius bursa, thymus and splenetic lymphoblastic 
were increased. Thus, according to these findings, either BP or Pro is 
adequate when given by intermittent way which indicated considerable 
saving (40%) of supplementation cost.

Key Words: broiler, immunity, bee pollen, propolis, mannan 
oligosaccharides

P304   L-Arginine requirement of broiler chickens challenged 
with infectious bursal disease vaccine. J. Z. Tan*1, Y. M. Guo1, T. J. 
Applegate2, E. C. Du1, and X. Zhao1, 1China Agricultural University, 
Beijing, China, 2Purdue University, West Lafayette, IN.



Poult. Sci. 92(E-Suppl. 1)108

The aim of present study was to determine the l-arginine (Arg) require-
ment of broiler chicks under infectious bursal disease vaccine (IBDV) 
caused immunosuppression, and investigate the effect of dietary Arg 
supplementation on immune responses of broilers challenge with IBDV. 
Five hundred one day old female Ross 308 broilers were equally assigned 
into 10 groups in a 5 × 2 factorial arrangement (n = 5 cages/treatment; 10 
birds/cage). There were 5 dietary Arg concentrations (0.99, 1.39, 1.76, 
2.13, and 2.53%) and with or without immune challenge (intramuscular 
inoculation of IBDV or saline at 14 d of age). At 21 d of age, blood 
samples were collected from each bird for peripheral blood mononuclear 
cells (PBMC) and serum isolation. The IBDV inoculation significantly 
suppressed (P < 0.05) the serum IgA content and mitogen-stimulated 
peripheral blood mononuclear cell (PBMC) proliferation, indicating that 
IBDV inoculation caused an immunosuppression. Increasing dietary Arg 
concentration significantly (P < 0.05) enhanced these immune indices. 
The Arg requirement of IBDV inoculated broilers for minimum FCR 
in quadratic model (1.89%) was higher (P < 0.05) than that of control 
broilers (1.60%; P = 0.034). The broken-line analysis suggested that 
the Arg requirements of IBDV inoculated broilers for optimal immune 
status (IgA: 1.65%; PBMC proliferation (stimulated by LPS): 1.74%) 
is higher (P < 0.05) than control broilers (IgA: 1.24%; PBMC prolifera-
tion (stimulated by LPS): 1.31%; P  ≤ 0.04). These results indicate that 
Arg supplementation is required to get the optimal growth performance 
for immunosuppressed broilers, and dietary Arg supplementation has 
beneficial effects in attenuating the immunosuppressive effects of IBDV 
inoculation.

Key Words: broiler, arginine, infectious bursal disease, immunosup-
pression, requirement

P305   Sandwich ELISA for detection of dengue non-structural 
glycoprotein antigen using chicken immunoglobulin Y (IgY). A. 
Ganguly and H. H. Sunwoo*, University of Alberta, Edmonton, AB, 
Canada.

This study describes the production of IgY polyclonal egg yolk antibod-
ies against the non-structural protein (NS). The objective of this study 
was to develop a quantitative detection system for dengue viral protein, 
targeting NS to determine the presence and/or degree of infection. Since, 
the NS is a 46 to 50 kDa glycoprotein expressed in infected mammalian 
cells and its template mRNA is the most abundant subgenomic RNA, it 
is a suitable candidate for developing antibodies for diagnostic appli-
cation. The NS contains several antigenic sites, which are targeted by 
both the humoral immune response and cytotoxic T lymphocytes. In 
this study we have prepared full length dengue viral NS expressed in E. 
coli and purified. The full length NS was used for chicken polyclonal 
IgY antibodies for development of hetero-sandwich enzyme-linked 
immunosorbent assay (ELISA) for early diagnostics of dengue. The 
immunization of chickens with NS induced a relatively strong immune 
response. The titer of specific IgY antibodies was monitored by ELISA 
measurement using NS every week during the immunization period. 
It increased continuously to a maximum of 0.827 nm against NS at 4 
weeks after the first booster. Using the high titer of IgY allowed us to 
develop the sensitive sandwich ELISA, showing the detection limit 
of the viral antigen at 9.9 pg/mL. This study describes the produc-
tion of 2 mouse monoclonal (P148.L1 and P148.L2) and chicken IgY 
polyclonal antibodies against the most abundant dengue NS. The most 
important finding was the use of inexpensive polyclonal IgY antibody 
to increase the sensitivity of the detection system for dengue viral 
protein at pictograms level. Furthermore, the immunoassay method 
of detecting dengue NS antigen developed could be an effective and 

sensitive dengue quantitative detection system that can be used during 
any future dengue outbreak.

Key Words: dengue virus, non-structural protein, monoclonal antibody, 
chicken IgY antibody, ELISA

P306   The hematology of polymicrobial bacteremias in commer-
cial hens. P. Cotter*, Cotter Laboratory, Arlington, MA.

A polymicrobial bacteremia (PB) exists when multiple species of bacte-
ria occur in an animal’s blood. Examination of Wright’s stained periph-
eral blood films of apparently healthy commercial hens indicated a high 
incidence of PB. The objective is to provide a microscopic description of 
the hematological consequence of PB. The study population was 17 wk 
commercial hens housed in conventional, enriched, or aviary systems. 
Wright’s stained samples were examined using (40x and 100x objectives) 
by an Olympus CX41 light microscope equipped with an Infinity-2 1.4 
Megapixel CCD USB 2.0 Camera. PB was established by finding either 
free existing or phagocytosed bacteria of at least 2 types. A differential 
white blood count was determined on 200 cells. A first heterophil/
lymphocyte ratio (H/L) was computed by dividing the total number of 
heterophils by the number of small (resting) lymphocytes, a second H/L 
was computed by dividing total heterophils by total lymphocytes. Hens 
in which the H/L ratio by the first method was <0.4 were selected for a 
detailed microscopic study. These had cellular abnormalities affecting 
cytoplasm and nuclei, involving granulocytes and lymphocytes. Many 
granulocyte “ghosts,” in which the cell is barely visible, were found. Cell 
size variants, dwarfs and giants, were common. High numbers of reactive 
lymphocytes, plasmacytoid lymphocytes, and various types of Mott cells 
(plasmacytes) were common. No hen with PB was without cyanophils, 
a recently described fourth granulocyte type distinct from heterophils, 
basophils, and eosinophils. Additional abnormalities were the regular 
presence of karyolitic lymphocytes, and occasional karyolitic basophils. 
Reactive clusters (RC) in which groups of lymphoid and granulocytic 
cells are physically associated were a common feature. In conclusion, 
certain hens with an apparent low H/L may have a PB. In such cases, 
a standard “differential” count may not mirror their true “hemogram” 
without a more extensive consideration of hematological “character.”

Key Words: polymicrobial bacteremia, hematology, hematogram, 
cyanophil,

P307   Dietary L-arginine supplementation alleviates infectious 
bursal disease vaccine-induced cellular immunosuppression in 
broiler chickens. J. Z. Tan*1, Y. M. Guo1, T. J. Applegate2, E. C. Du1, 
and X. Zhao1, 1China Agricultural University, Beijing, China, 2Purdue 
University, West Lafayette, IN.

Infectious bursal disease (IBD) is a highly contagious and immuno-
suppressive disease, which could results in secondary infections and 
suboptimal response to vaccinations. l-Arginine (Arg), the precur-
sor of nitric oxide and polyamine, has been reported to enhance the 
immunity of animals. Thus, the object of this study was to evaluate the 
immunological effect of dietary Arg supplementation on the immunity 
of broiler chickens inoculated with infectious bursal disease vaccine 
(IBDV). Five hundred 1-d-old female Ross 308 broilers were equally 
assigned into 10 groups in a 5 × 2 factorial arrangement (n = 5 cages/
treatment; 10 birds/cage). There were 5 dietary Arg concentrations (0.99, 
1.39, 1.76, 2.13, and 2.53%) and with or without immune challenge 
(intramuscular inoculation of IBDV or saline at 14 d of age). At 2, 4 
and 6 d post-inoculation (DPI), samples of blood was collected from 
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each bird for Peripheral Blood Mononuclear Cells (PBMC) and serum 
isolation. The IBDV inoculation significantly (P < 0.05) decreased the 
percentages of circulating CD3+, CD4+, CD8+ cells and the monocytes 
at 2, 4 and 6 DPI, and significantly (P < 0.05) reduced the antibody 
titers to Newcastle Disease virus (NDV) at d 20. Increasing dietary Arg 
significantly (P < 0.05) upregulated the circulating CD3+, CD4+, CD8+ 
cells and monocytes subpopulation and the serum antibody titers to 
IBDV, while no significant difference was observed on the NDV titers 
(P > 0.05). Results obtained in this study showed that IBDV inoculation 
caused both cellular and humoral immunosuppression on the broilers 
chickens. Dietary Arg supplementation attenuated the cellular immu-
nosuppression, and boosted the humoral immunity of broiler chickens.

Key Words: arginine, IBDV, immunosuppression

P308   Dietary L-arginine supplementation modulates lipopoly-
saccharide-induced systemic inflammatory response in broiler 
chickens. J. Z. Tan*1, Y. M. Guo1, S. D. Eicher2, and T. J. Applegate3, 
1China Agricultural University, Beijing, China, 2USDA-ARS, West 
Lafayette, IN, 3Purdue University, West Lafayette, IN.

This study was conducted to evaluate whether dietary supplementation 
with l-arginine (Arg) could attenuate lipopolysaccharide (LPS)-induced 
systemic inflammatory response through LPS/TLR-4 signaling pathway 
in broilers. The experiment was designed as a 2 × 3 factorial arrangement 
(n = 8 cages/treatment; 6 birds/cage) with 3 dietary Arg concentrations 
(1.05, 1.42, and 1.90%) and 2 immune treatments (i.p. intraperitone-
ally injection of lipopolysaccharide (LPS) or saline). From 14 to 21 d 
of age, LPS (Escherichia coli 0111:B4) was injected 4 times at 48-h 
intervals (1 mg/kg of BW), after which spleen and cecal tonsil samples 
were collected. The LPS injection significantly decreased BW gain and 
feed intake (FI), increased feed conversion ratio (FCR) from 14 to 21 
d of age (P < 0.05). Dietary Arg supplementation improved 14 to 21 d 
BW gain, feed intake, and FCR (P < 0.05). LPS injection increased (P 
< 0.05) mRNA expression of pro-inflammation cytokines (IL-1β and 
IL-6) in the spleen and cecal tonsils. The dietary Arg supplementation 
decreased (P < 0.05) the mRNA expression of IL-1β in the spleen 
and cecal tonsils. The only cytokine that had a significant Arg*LPS 
interaction was Il-1β in the cecal tonsils, with increasing dietary Arg 
concentration, IL-1β mRNA expression reduced in LPS challenged treat-
ments (P < 0.005). LPS injection increased TLR-4 (P < 0.05) mRNA 
expression in the spleen and cecal tonsils, dietary Arg supplementation 
decreased (P < 0.05) the TLR-4 mRNA expression in spleen and cecal 
tonsils, which likely induced the measured decrease (P < 0.05) of NFκB 
mRNA expression in the cecal tonsils. Thus, these results suggest that 
dietary Arg supplementation modulates the inflammatory response partly 
through the suppression of LPS/TLR-4 pathway.

Key Words: arginine, broiler, inflammatory response, lipopolysaccharide

P309   Duck toll-like receptor family. W. K. Elfeil*1,3, R. R. 
Abouelmaatti2, W. Y. Han3, H. Abdien1, and X. K. Li2, 1Suez Canal 
University, Faculty of Veterinary Medicine, Ismailia, Egypt, 2Jilin 
University, Norman Bethune College of Medicine, Changchun, Jilin, 
China, 3Jilin University, College of Veterinary Medicine, Changchun, 
Jilin, China.

Duck shows different immune response to many microbes if compared 
with chicken, our work focused on identify the duck PRRs families 
and check either it functional genes or nonfunctional genes, then make 
analysis to its protein structures and trying to identifying the sites of 

mutation between duck and chicken as a universal bird model, so we 
can get more clear data about bird evolution, then trying to study the 
effect of this mutant sites on immune response. We cloned and expressed 
almost the complete duck TLRs family which reported as dTLR 1–1/ 
1–2/ 2–2/3/ 4/ 5/7/15 /21 sequences in various duck tissues. We reported 
a degree of genetic variation in TLRs genes among the 3 different aves 
families (Anseriformes, Galliformes and Passeriformes); we also found 
patterns of positive selection acting on specific amino acid sites that 
could be linked to species-specific differences in pathogen-associated 
molecular pattern recognition. We also success to clone duck node like 
receptors include NOD1, NLR3, NLRX1 (to our knowledge this is the 
first actual report, not just prediction, for those NLR members in all 
birds) and NLR5 and from RLRs family we cloned LGP2, EIF4A3, 
and Dicer I type 3. And duck CLEC16A we also reported the in vivo 
and in vitro response of duck toll-like receptor to stimulation with 
LPS on peritoneal macrophage as and our result cleared its completely 
functional receptor and consider ortholog to the TLR4. This study 
provides evidence for the evolutionary patterns and implications of 
TLR polymorphism in new avian models species and extends the list 
of available avian immunogenetic genes.

Key Words: duck, toll-like receptor, cloning, expression

P310   The effect of yeast-derived products on gut morphology 
and local and systemic innate immunity of broiler chickens. M. 
Alizadeh*1, J. C. Rodriguez-Lecompte1,2, and B. A. Slominski1, 1Uni-
versity of Manitoba, Winnipeg, MB, Canada, 2University of Prince 
Edward Island, Charlottetown, Prince Edward Island, Canada.

This study evaluated the effect of yeast-derived products on gut mor-
phology and gene mRNA expression of toll-like receptors, C-type 
lectins, and cytokine profile in broiler chickens. Seventy one-day-old 
chickens were randomly assigned to 7 dietary treatments: Positive 
control containing antibiotic; Negative control (NC) without antibiotic; 
NC+10% of DDGS; NC+0.25% of yeast cell wall polysaccharides 
(CWP); NC+0.2% of a commercial product Maxi-Gen Plus containing 
nucleotides and CWP; NC+0.025% of nucleotides, and NC+0.05% 
of nucleotides. For intestinal morphology measurements, 5 birds per 
treatment were euthanized on d35 and approximately 5 cm long duo-
denum, jejunum, and ileum segments were collected. For gene mRNA 
expression analysis, cecal tonsil, and spleen were collected to assess 
the expression of toll-like receptors (TLR2 and TLR21), C-type lectins 
including monocyte mannose receptor (MMR), and mannose binding 
lectin (MBL), and cytokines (IL-10, IL-13, IL-12p35, and IFN-γ). The 
results of gut morphology demonstrated that diets containing 0.05% 
nucleotides and CWP significantly increased (P < 0.05) villus height in 
the jejunum of broiler chickens. The results for local innate immunity 
of broiler chickens in cecal tonsil showed that despite some changes in 
expression of the receptors and cytokines by dietary treatments, only 
the expression of TLR21 was significantly (P < 0.05) upregulated by 
diet containing 0.05% nucleotides. The results for the systemic innate 
immunity of broiler chickens in spleen demonstrated that diet containing 
nucleotides plus CWP upregulated the expression of TLR2, MBL, and 
IL-10. In addition, diet containing 0.05% of nucleotides upregulated 
the expression of TLR2 and MBL. In conclusion, diets containing 
CWP and 0.05% nucleotides increased villus height in the jejunum, and 
demonstrated immune-modulating effects by upregulation of receptors 
and cytokine involved in innate immunity of broiler chickens.

Key Words: yeast, gut morphology, cytokine, toll-like receptor, broiler 
chicken
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P311   Functional phenotyping of chicken peritoneal exudate 
macrophages elicited with either Sepharose beads or egg yolk par-
ticles. W. K. Chou*, C. H. Chen, C. Vuong, D. Abi-Ghanem, and L. 
Berghman, Texas A&M University, College Station.

Mammalian macrophages can be polarized into 2 distinct phenotypic 
subtypes: classical (pro-inflammatory, M1) vs. alternative (anti-inflam-
matory, M2), based on their exposure to Th1- or Th2-driven stimuli, 
respectively. M1 macrophages display antimicrobial activity and M2 
macrophages act as scavengers. They both catabolize arginine as a 
substrate, through inducible nitric oxide synthase (iNOS) and arginase 
I metabolism pathways, resp., to develop their ultimate characteristics. 
The polarization of elicited peritoneal exudate macrophages (PEMs) has 
been described recently in the murine system, but little attention has yet 
been paid to PEM polarization in the chicken. In this study, functional 
phenotyping of chicken PEMs elicited with 2 different stimuli (Sephadex 
beads vs. egg yolk) was performed based on arginase activity (whose 
expression level is higher in M2 macrophages), and nitrite oxide (NO) 
production (one of the main effector molecules of M1 macrophages). 
Peritoneal exudate cells were harvested 30 h or 42 h after a single i.p. 
injection of 50% egg yolk emulsion in PBS or 3% Sephadex suspen-
sion, respectively, and purified by the plastic adherence method. Both 
expressed similar arginase activity (2.11 vs. 2.50 µg urea, resp.), which 
was higher than in blood monocytes (0.93 vs. 0.94 µg urea, resp.). When 
the harvested PEMs were then further stimulated with LPS (a strong 
M1 polarizing stimulus) for 8 h in vitro, NO production and arginase 
activity were measured again. Sephadex-elicited PEMs produced 5-fold 
more NO than egg yolk-elicited PEMs (5.85 vs. 0.97 µM). Arginase 
activity in Sephadex elicited PEMs had slightly declined (from 2.50 
to 2.30 µg urea). However, the arginase activity in egg yolk elicited 
PEMs had increased from 2.10 to 3.10 µg urea. These results indicate 
that Sephadex-elicited PEMs, but not egg yolk-elicited PEMs, have the 
potential to switch from the scavenger (M2) into the inflammatory phe-
notype (M1) when exposed to an M1 stimulus. Gene expression analysis 
of the polarization mechanisms will be conducted in the near future.

Key Words: functional phenotyping, PEM, arginase, nitrite oxide, 
phenotype switching

P312   Acquisition of immunity to the protozoan parasite E. 
adenoeides in turkey poults and cellular responses to infection. U. 
Gadde, T. Rathinam, G. F. Erf, and H. D. Chapman*, University of 
Arkansas, Fayetteville.

Day-old turkey poults were infected with 102 oocysts of Eimeria 
adenoeides and subsequently re-infected with 103 and 104 oocysts at 
6 and 12 d of age respectively to simulate potential field exposure to 
infection. Numbers of new oocysts produced in the feces peaked at 3 
wk followed by a gradual decline. A second group of poults were given 
an identical dosing regimen and challenged with 5 × 104 oocysts/poult 
at different times to evaluate the acquisition of immunity. Judged by 
weight gain and mortality, no protection had been acquired at 6 d of age, 
but partial protection was observed by 12 and 18 d of age. A third group 
of day-old poults were also infected with 102 oocysts and subsequently 
re-infected with 103 and 104 oocysts at 6 and 12 d of age to evaluate 
cellular immune responses to infection. Sections of ceca from infected 
poults showed a significantly higher leukocyte infiltration on d 6, 10, 
12, 16, and 18 after infection than uninfected controls. The percent area 
occupied by CD4+ and CD8+ lymphocytes in the ceca, as assessed by 
immunohistochemistry, was significantly elevated in infected poults on 
d 12, 16 and 18. The relative expression of chemokine CXCLi2, and 
cytokines IL1β, IFNγ, IL10, IL13, IL2, IL12b, and IL18 was measured 
by real-time reverse-transcription PCR. The expression of CXCLi2 and 

IL10 was found to be elevated on d 12, and IFNγ on d 10, 12, and 16. 
Expression of IL13 and IL18 was increased on d 10 and IL2 on d 10 
and 16, and that of IL12b on da16 in infected poults. Increase in the 
infiltration of leukocytes, percent area occupied by CD4+ and CD8+ 
lymphocytes, and changes in the relative expression of cytokines in the 
ceca characterize the dynamics of immune responses in turkey poults 
infected with E. adenoeides.

Key Words: Eimeria, turkey, oocyst, cellular immunity, cytokine

P313   Differential susceptibility of preovulatory follicles and 
granulosa cells to invasion by Salmonella serovars. U. S. Babu*, O. 
T. Toomer, G. M. Sharma, G. A. Ramirez, K. M. Williams, and K. V. 
Balan, U.S. Food and Drug Administration, Laurel, MD.

Understanding the dynamics of Salmonella serovar contamination in 
poultry is important due to consumption of egg-containing products and 
its association to human salmonellosis. S. Enteritidis (SE) is shown to 
colonize the ovary of layers with subsequent egg-transmission. 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. Thus, an 
understanding of ovarian susceptibility/resistance mechanisms is key 
in evaluating egg-contaminating potential across poultry-associated 
Salmonella serovars. Studies have identified S. Heidelberg (SH) as an 
egg-transmitted pathogen, albeit at a lower frequency than SE. Although 
varying serovar virulence cannot be ruled out, we hypothesize that the 
differential egg-contaminating potential of SE and SH is due to the 
stimulation of ovarian follicular and granulosa resistance mechanisms. 
In this study (n = 3), medium-to-large yolk-follicles were exposed to 
SE PT8 and SH (106 cfu/mL) for 2 h, and the transfer into the yolk was 
determined by plate counts. Further, granulosa cells were isolated from 
the preovulatory follicles, and anti-bacterial gene expression to Salmo-
nella serovars at 5 and 24 h post infection was evaluated. Results from 
the Salmonella invasion assay showed a 2-fold decrease in SH transfer 
into the yolk as compared with SE, suggesting that SE is more pathogenic 
or the follicles are more susceptible to SE invasion. Gene expression, 
using chicken antibacterial response arrays showed a significant increase 
in pro-inflammatory chemokines and cytokines (CCL4, CCL5, IL1B, 
IL8), suggesting an antibacterial response to SH and not SE exposure. 
Further, there was also a significant increase in the lysozyme expression 
(90-fold) by granulosa cells on SH exposure. Our results suggest that a 
lower egg-contaminating potential of SH could be a result of increased 
anti-bacterial response by the ovarian granulosa cells and such a model 
could be useful for risk assessment of Salmonella serovars in relation 
to their egg contaminating potential.

Key Words: Salmonella, invasion, follicle, granulosa, egg

P314   Comparison of selected inactivated vaccination strategies 
to optimize mucosal immune response in poultry. L. R. Bielke*, 
O. B. Faulkner, V. Kuttappan, A. D. Wolfenden, N. R. Pumford, M. J. 
Morgan, and B. M. Hargis, Department of Poultry Science, University 
of Arkansas, Fayetteville.

Mucosal immunity (IgA) is crucial for prevention of infection, but 
IgA responses to parenterally administered inactivated vaccines are 
often minimal. Recently, vectored vaccines have been investigated 
for potential mucosal effectiveness in controlling diseases affecting 
poultry including avian influenza and Salmonella. Presently, we have 
evaluated drinking water (DW) administration of inactivated antigens 
with a novel modified chitosan adjuvant (MCA), with and without sub-
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cutaneous injection (SQ), for effective mucosal immune response. In all 
experiments, DW was provided on d 4 and 14, and groups receiving SQ 
were injected on day of hatch. For Exp 1, poults were vaccinated with 
a killed Salmonella Heidelberg (SH) or KLH-conjugated Salmonella 
peptide (CSP-KLH), mixed with MCA. Turkeys were challenged with 
SH on d 21, and SH recovery from the crop was measured 3 d later. 
CSP SQ/DW/DW vaccinated poults had significantly less (P < 0.05) SH 
recovery than controls, and all groups receiving SQ/DW/DW vaccination 
showed numerically less recovery than DW/DW vaccinated poults. In 
Exp 2 chicks were vaccinated with inactivated swine influenza virus, 
all vaccines (except SQ), were mixed with MCA, and IgA titers were 
measured via hemagglutination inhibition on d 21, 7 d after secondary 
vaccination. SQ/DW/DW vaccinated chickens showed significantly 
higher IgA titer than controls, whereas DW/DW vaccination did not. 
Exp 3 evaluated mucosal immune response to MCA-adjuvated Bacillus-
vectored avian influenza candidate vaccine. Both low-dose SQ/DW/DW 
and high-dose DW/DW vaccination resulted in significantly increased 
IgA titers when compared with controls. Though not significantly dif-
ferent, low-dose SQ/DW/DW vaccination showed a slightly elevated 
IgA titer over high-dose DW/DW strategy, suggesting that with a SQ 
vaccination, less antigen may be required for effective protection against 
infection. Taken together, these studies suggest that MCA-adjuvated 
oral vaccination may be effective at increasing mucosal immunity, but 
adding SQ primary vaccination may be important for achieving the 
highest possible immune response.

Key Words: vaccine, adjuvant, immune response, Salmonella, avian 
influenza

P315   Proteomic analysis of macrophage activated with sal-
monella lipopolysaccharide. S. Makkar*1,2, B. Packialakshmi1,2, R. 
Liyanage1, J. O. Lay1, and N. C. Rath2, 1University of Arkansas, Fay-
etteville, 2USDA-ARS, Fayetteville, AR.

Macrophages play pivotal role in immunity as phagocytes and acces-
sory cells, produce various cytokines, chemokines, and growth factors 
which can perpetuate and resolve inflammation. Activation of these 
cells is initiated by many factors including bacterial lipopolysaccharides 
(LPS). To understand the proteomic changes associated with activation, 
we treated chicken macrophage HTC cells with and without Salmonella 
typhimurium LPS for 24 h. Equal amounts of soluble cell lysate proteins 
were subjected to high through put liquid chromatography tandem mass 
spectrometry (LC-MS/MS) approach after digesting cell lysates with 
trypsin (MudPIT method). The peptide mass fingerprints were searched 
in NCBI Gallus protein database to determine their identities. Our 
results showed 226 proteins in untreated control group and 311 in LPS 

treated group with 196 common to both. Thirty proteins were unique 
to control and 105 to LPS treated group. Based on the gene ontology 
classification associated with molecular functions, class and biological 
process, the LPS treatment increased the number of nucleic acid bind-
ing proteins, and proteins with catalytic functions. The newly expressed 
proteins found in LPS stimulated group included lyases, transcription 
factors, and proteins involved in transporter and transcription regulatory 
activities. LPS treatment decreased angiogenic and PDGF signaling 
pathway proteins. Overall, these results suggest that stimulation of 
transcription and carbohydrate metabolisms appear important in the 
activation of macrophages

Key Words: LPS, macrophage activation, proteomics, gene ontology

P316   Effects of in ovo supplementation of probiotics on per-
formance and immunocompetence of broiler chicks to an Eime-
ria challenge. C. M. Cox*1, M. M. Ritzi1, T. D. Potter1, S. Kim1, M. 
Young2, and R. A. Dalloul1, 1Virginia Tech, Blacksburg, 2Star Labs/
Forage Research Inc., Clarksdale, MO.

Coccidiosis is regarded as the parasitic disease with the greatest eco-
nomic impact on the poultry industry due to reduced performance and 
increased mortality. This study investigated the effects of in ovo admin-
istration of probiotics (Primalac W/S) on hatchability, performance, and 
lesion scores in broiler chicks during a mixed Eimeria infection. At 
embryonic day (d) 18, 210 eggs were injected with either sterile water 
(Neg) or 1 × 106 probiotic bacteria (Pro). On d 3 post-hatch, half of the 
chicks from each treatment group were challenged with a mixed inocu-
lum of Eimeria acervulina (50,000 oocysts/bird), E. maxima (10,000 
oocysts/bird) and E. tenella (2,500 oocysts/bird). Measurements were 
taken on day of hatch (DOH) and d 3, 9 and 15. On d 9, 24 birds per 
treatment were scored for intestinal Eimeria lesions. No differences 
were seen among groups for hatchability as well as for body weight 
(BW), or BW gain (BWG) before the Eimeria challenge. On d 9, the 
non-challenged birds with probiotic supplementation had higher BW 
and BWG than the non-supplemented controls while no differences were 
seen among the challenged groups. On d 15, probiotic supplemented 
birds had improved BW compared with the non-supplemented birds as 
well as increased BWG from d9 to d15. Birds receiving the probiotic 
had significantly lower mortality than non-treated birds. Additionally, 
gross lesion severity was reduced due to in ovo probiotic supplementa-
tion in all intestinal segments evaluated. These results suggest that in 
ovo supplementation of Primalac does not negatively affect hatchability 
and can improve performance and provide protection against a mixed 
Eimeria infection.

Key Words: probiotic, in ovo, performance, Eimeria, immunity
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Metabolism and Nutrition: Amino Acids

P317   Effects of dietary methionine sources on broiler perfor-
mance. M. K. Nonis*1, S. Srinongkote2, R. Maillard1, and Y. Mer-
cier1, 1Adisseo France SAS, Commentry, France, 2Bangkok Animal 
Research Center Co, Ltd., Bangkok, Thailand.

This study was conducted to evaluate the effects of supplementation of 
DL-methionine (DLM) and DL-methionine hydroxyl analog (HMTBA) 
on broiler performance at requirement level based on 2 digestible amino 
acid recommendations. A total of 512 male Ross 308 birds were ran-
domly assigned according to a 2 × 2 factorial arrangement with main 
effects being methionine source (DLM, 99%; HMTBA, 88%) and amino 
acid recommendation (Lemme et al., 2010; Rhodimet Nutrition Guide, 
RNG, 2013), resulting in 4 treatments with 8 replicates of 16 birds each. 
The experimental diets were formulated using corn and soybean meal 
to contain 22.0% CP, 3025 kcal ME/kg, 1.27% or 1.15% digestible Lys, 
0.92% or 0.96% digestible TSAA and 0.80% or 0.75% digestible Thr 
for the starter phase (0 to 12 d of age), 20.0% CP, 3150 kcal ME/kg, 
1.09% or 1.16% digestible Lys, 0.81% or 0.90% digestible TSAA and 
0.70% or 0.72% digestible Thr for the grower phase (12 to 22 d of age) 
and 18.0% CP, 3200 kcal ME/kg, 1.00% or 0.98% digestible Lys, 0.76% 
or 0.75% digestible TSAA and 0.65% or 0.61% digestible Thr for the 
finisher phase (22 to 35 d of age). The equivalent price on a methionine 
basis for HMTBA was 88% of DLM. Experimental data were analyzed 
by ANOVA and Tukey test was applied when necessary. As expected, 
final body weight, body weight gain, feed intake, FCR and feed cost 
per gain were not affected by the methionine source over the entire 35 
d period. No interaction between methionine source and amino acid 
recommendation was observed. Feeding birds with diets formulated 
with the amino acid recommendations of RNG (2013) decreased feed 
intake (P < 0.05) by 1.9% in the starter phase, 2.6% in the grower phase 
and 1.7% over the entire period, and feed cost per gain by 1.6% in the 
starter phase, 1.8% in the finisher phase and 0.8% over the 35 d period. 
It was concluded that HMTBA supplementation (as 88% bioefficacy 
of DLM) can be used as an effective methionine and formulating diets 
based on the amino acid recommendations of the RNG (2013) can be 
of an economic interest.

Key Words: analogue, methionine, broiler, requirement, economic 
return

P318   Effect of glycine supplementation on performance, devel-
opment of intestinal mucosa and nutrient utilization of broiler 
chickens fed low-protein grower diets with different levels of thre-
onine. I. C. Ospina-Rojas, A. E. Murakami*, and A. F. Q. G. Guerra, 
Universidade Estadual de Maringa, Maringa, Parana, Brazil.

This work studied the effect of Gly supplementation in low-protein diets 
with different levels of digestible (dig) Thr on performance, development 
of intestinal mucosa and nutrient utilization of broiler chickens during 
the grower period (21–35 d). A total of 240 21-d-old Cobb-Vantress 
male chicks were distributed in a completely randomized experimental 
design in a 4x2 factorial arrangement, for a total of 8 treatments with 5 
replicate pens of 6 birds each. Treatments consisted of 4 dietary levels 
of dig Gly+Ser (1.30; 1.40; 1.50 and 1.60%) and 2 levels of dig Thr 
(0.70% and 0.77%, corresponding to 100% and 110% of required Thr, 
respectively, according to Rostagno et al., 2011). At 35 d, interaction (P 
≤ 0.05) was observed between dietary Gly+Ser and Thr levels for gain-
to-feed ratio (G:F). There were linear and quadratic effects (P ≤ 0.05) 
of dietary levels of Gly+Ser on G:F in the diets with 0.70% and 0.77% 
Thr, respectively. Gly supplementation resulted in linear increases (P ≤ 

0.05) on BW gain, G:F, intestinal mucin secretion, apparent digestibility 
of fat and AMEn of diets. Dietary Thr above the recommended level 
(0.77%) improved (P ≤ 0.05) G:F and increased (P ≤ 0.05) intestinal 
mucin secretion when compared with birds fed with 0.70% Thr. How-
ever, intestinal morphology and goblet cell number in the duodenum, 
jejunum and ileum were not affected (P > 0.05) by the experimental 
diets. Based on these findings, the requirement for dig Gly+Ser in diets 
with low protein levels containing 0.77% Thr appear to be 1.45% for 
broilers in the grower period; however, this requirement may be over 
1.60% in diets containing 0.70% Thr. Gly supplementation could directly 
and/or indirectly influence proper functioning of the intestinal mucosa 
and improve utilization of the energy contained in the diet.

Key Words: amino acid, intestinal mucin, performance

P319   Methionine incorporation into the blood plasma of broiler 
chickens at the last week of age. A. C. Stradiotti1,4, C. Ducatti2, J. 
A. Bendassolli3, J. R. Sartori1, V. C. Pelícia1, P. C. Araujo1, C. C. 
Miranda*1, L. V. C. Girão1, F. G. Luiggi1, I. M. G. P. Souza1, P. D. 
G. Pacheco1, M. M. Aoyagi1, J. C. Denadai2, M. M. P. Sartori2, A. C. 
Pezzato1, 1São Paulo State University, Faculty of Veterinary Medicine 
and Animal Science, Botucatu, Brazil, 2São Paulo State University, 
Institute of Biosciences, Botucatu, Brazil, 3University of São Paulo, 
Center of Nuclear Energy in Agriculture, Piracicaba, Brazil, 4São 
Paulo Research Foundation - FAPESP, Brazil.

The use of labeled amino acids associated with the isotope dilution 
technique can be used for further elucidation on their dynamic in animal 
nutrition studies by changing the isotopic composition. The goal of this 
study was to assess the rate of labeled methionine incorporation into 
the blood plasma of broilers aged 36–42 d-old. A total of 51 one-d-old 
male Cobb broiler chickens were housed (12 birds/m2 density), and 
selected with an initial BW of 2.4 ± 0.06 kg. The diet was formulated 
based on corn and soybean meal. A dosage of 29 µmol of L- [13C1] 
methionine/kg BW/h was used, administered orally within 6 h (99 
atom% 13C, Cambridge isotope Laboratories, Inc.) to promote tissue 
enrichment. At 0 (control), 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 16, 20, 24, 48, 
72 and 96 h after initial dosing, blood plasma samples were collected 
from 3 birds per time point, by jugular vein puncture, and then lyophi-
lized. Carbon isotopic analysis was obtained using a mass spectrom-
eter. Second order polynomial fit was used to determine the maximum 
incorporation point, and analyzed by first-order exponential equation 
{δ13C(t) = δ13C(f)+[δ13C(i)- δ13C(f)]e-kt], obtained using the statistic 
software Minitab 16. Maximum enrichment occurred 9.9 h after oral 
administration of enriched solution, and resulted in the equation: δ13C 
= −11.31–7.79e- 0,1530t (r2 = 0.94), with half-life (t = ln2/k) of 4.53 h, 
representing the velocity of methionine incorporation into embedded 
tissue. Thus, the time required for 50% of orally administered labeled 
methionine to be metabolized is approximately 4.5 h at this dose and 
age of the bird.

Key Words: labeled carbon, methyl-13C, turnover

P320   Digestible lysine and methionine + cystine levels on car-
cass yield and morphology of pectoral muscle of broilers at 21 days 
old. C. H. F. Domingues*1,3, K. F. Duarte2,3, T. C. O. Quadros3, E. T. 
Santos3, D. M. C. Castiblanco3, R. H. Marques3, T. G. Petrolli3, M. F. 
F. M. Praes3, O. M. Junqueira4, and J. D. Messana2,3, 1Fundação de 
Amparo a Pesquisa do Estado de São Paulo (FAPESP), Sao Paulo, SP, 
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Brazil, 2Coordenacao e Aperfeicoamento de Pessoal de Nivel Superior 
(CAPES/PNPD), Brasilia, DF, Brazil, 3Universidade Estadual Pau-
lista Julio de Mesquita Filho, Jaboticabal, SP, Brazil, 4Universidade 
Federal de Goias, Jatai, GO, 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 21 d of age. A total of 3,200 one-day-old male 
Cobb × Cobb 500 chicks were used, distributed in a completely random-
ized design in a factorial arrangement 2 × 5 (2 digestible lysine levels: 
1.253 and 1.378% × 5 digestible methionine + cystine levels:  0.812, 
0.860, 0.902, 0.947 and 0.992%) and 8 replicates of 40 birds each. At 
21 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. There was no isolated effect (P > 
0.05) for the different digestible lysine and methionine + cystine levels 
for the variables of carcass yield studied, however, an interaction was 
observed among digestible lysine and methionine + cystine levels for 
breast fillet width. These results suggest that the digestible lysine level 
of 1.253% provided greater breast fillet width (avg. 55.77mm) for birds 
fed with diets containing 0.860% methionine + cystine. However, when 
the birds were fed with diets containing 0.902% methionine + cystine, 
the lysine level of 1.378% promoted the best result (avg. 55.30mm). 
Therefore it is recommended to use digestible lysine and methionine 
+ cystine levels of 1.253% and 0.860% respectively, to achieve better 
width breast fillet results of broilers at 21 d old with a lower cost of 
production.

Key Words: digestible amino acid, breast fillet, length

P321   Evaluation of limiting amino acids in diets with pro-
tein reduction in laying hens. S. G. Pinheiro1, F. G. P. Costa*1, A. 
Helmbrecht2, M. R. Lima1, R. B. Souza1, and G. V. B. Lobato1, 1Fed-
eral University of Paraiba, Areia, Paraiba, Brazil, 2Evonik Degussa 
GmbH, Hanau, Germany.

After a comprehensive literature study regarding amino acid require-
ments over the last 20 years and a meta analyses, Evonik revised their 
amino acid recommendations for laying hens. The current experiment 
observed the effect of amino acid supplementation and the order of 
limiting essential amino acids in brown-egg laying hens. This study 
was comprised of the following 6 treatments and a Control diet: T1 
(control diet using Evonik recommendations), T2- (T1 with additional 
digestible methionine plus cystine), T3 (T2 with supplementation of 
digestible lysine), T4 (T3 with supplementation of digestible isoleucine), 
T5 (T4 with supplementation of digestible tryptophan), T6 (T5 with 
supplementation of digestible threonine), and T7 (T6 with supplemen-
tation of digestible valine). The variables in the experiment were: feed 
intake (g/bird), egg production (%), egg weight (g), egg mass and feed 
conversion ratio per dozen eggs (g/dozen), egg quality (Haugh Unit, 
albumen height, yolk size, yolk color) and serum uric acid (mg/dL) 
were analyzed. Additionally an economic anyalysis was performed. 
The results were analzed using ANOVA at 5% probability, and Student 
Newman Keuls test was used for means separation. No significant dif-
ferences (P > 0.05) in performance could be detected. Neither internal 
nor external egg quality variables displayed significant differences (P > 
0.05) with higher supplementation levels of amino acids. The economic 
evaluation showed no major variations in the relative gross margin on 
the tested diets, but this factor will be directly linked to the market price 
of the amino acids used in the diets, as some essential amino acids are 
still of high cost.

Key Words: bird, egg production, performance, requirement
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P322   Effects of dietary amino acid density, fat level and xyla-
nase levels on intestinal traits and cecal volatile fatty acid concen-
trations. C. B. V. Rabello*1,2, E. O. Oviedo-Rondón1, M. J. da Costa1, 
W. Nogueira3, J. Barbosa4, and C. L. Wyatt5, 1Department of Poul-
try Science, North Carolina State University, Raleigh, 2Universidade 
Federal Rural de Pernambuco, Recife, Pernambuco, Brazil, 3Univer-
sidade Estadual Paulista, FMVZ, Jaboticabal, SP, Brazil, 4Univer-
sidade Federal de Santa Maria, Santa Maria, RS, Brazil, 5AB Vista, 
Plantation, FL.

Dietary amino acid density (AA) and fat content has been reported 
to affect gut physiology in diets containing xylanase. One study was 
conducted to evaluate the effects of AA, additional energy from fat post-
pellet (FL), and xylanase levels (X) in corn-soybean diets on intestinal 
and cecal length, pH and volatile fatty acid (VFA) concentrations in 
cecal contents. A total of 2,112 d-old male Ross 708 were placed in 96 
pens. Treatments involved 16 diets as result of combinations of 2 AA 
(High and Low, with 10% difference), 2 FL (0 and 100 kcal/kg ME) and 
4 X (0, 8000, 16000 and 32000 BXU/kg). Starter, grower and finisher 
diets were fed. At 16 and 42d of age, broilers were sampled to evalu-
ate length (cm/kg) of intestines and ceca. Cecal content pH and VFA 
profile (VFA % and total Mmol) were measured. Data were analyzed 
as a RCBD with a 2 × 2 × 4 factorial arrangement. At 16 d, chickens 
fed 100kcal FL and 8000BXU diet had smaller ceca (P < 0.05) than 
broilers fed other diets. At 42 d, another interaction (P < 0.05) was 
observed between AA and X levels. Broilers fed 32000BXU diet had 
longer ceca than those fed 8000 and 16000BXU, and similar to 0BXU 
in Low AA diets, but in High AA diets 16000 and 32000BXU had ceca 
longer than 0BXU. In VFA profiles at 16d, chickens fed 16000BXU had 
less (P < 0.05) cecal acetate than those fed 0BXU. The butyrate content 
was affected (P < 0.05) by a 3 way interaction. Chickens fed Low AA, 
100kcal, 8000BXU and High, 100kcal, 16000BXU had more butyrate 
than the other groups. Chickens fed Low AA, 100kcal, 0BXU had the 
lowest butyrate contents. Chickens fed Low AA and 0BXU diet had the 
lowest (P < 0.05) valerate content. At 42d, broilers fed High AA diet had 
more (P < 0.05) isovalerate than those fed Low AA diet. An interaction 
between FL and X was observed (P < 0.05) for butyrate and the lowest 
contents were observed on 100kcal 8000BXU. Cecal pH was affected 
(P < 0.01) by X and the lowest pH was observed with 16000BXU. In 
conclusion, xylanase can modify cecal length, its VFA profile and pH. 
Effects vary with nutrient density and less cecal fermentation correlate 
with better broiler performance.

Key Words: amino acid, broiler, cecal, energy, volatile fatty acids

P323   Evaluation of diets with enzyme complex on broiler per-
formance. E. M. F. Arruda1, C. B. V. Rabello*1, C. F. Chagas2, J. C. R. 
Silva1, C. J. Parro1, C. C. Lopes1, E. N. R. Barbosa1, and W. M. Dutra 
Jr.1, 1Universidade Federal Rural de Pernambuco, Recife, Pernam-
buco, Brazil, 2Bioenzima, Caruaru, Pernambuco, Brazil.

Four experiments were conducted to evaluate the effect of diets with 
enzyme complex (EC) on broiler performance. 840 male broilers Cobb 
500 were used in experiments. Each experiment aimed to evaluate the 
effect of treatments on different dietary phases: 1 to 9 (pre-starter-experi-
ment1), 11 to 20 (starter-Experiment2), 21 to 30 (grower - Experiment3) 
and 31 to 40 (finisher-Experiment4) days old. Broilers were allocated in 
30 cages that were assigned with 5 treatments, with 6 replication each, 
in a CRD. 10, 8, 6 and 4 birds/replications were used in experiments 1, 

2, 3 and 4, respectively. Treatments consisted of: a control diet without 
EC (D1), control diet (same D1) with 150 ppm EC (D2) and 3 other 
diets with 150 ppm EC but formulated with a reduction of the nutrient 
in 2.5% (D3), 5.0% (D4) and 7.5% (D5). The nutrients reduced were: 
ME, crude protein, calcium, available phosphorus and essential amino 
acids, in matrix of corn, soybean meal and wheat bran. The EC was 
produced by Bioenzima Company: amylase, β-glucanase, phytase, 
cellulase, pectinase, xylanase and protease. Four dietary phases were 
formulated: pre-starter, starter, grower and finisher. Body weight gain 
(BWG), feed intake (FI) and feed conversion (FCR) were evaluated. 
From 1 to 9d, broilers fed D3 diet had BWG and FI higher than the 
other diets. The FCR was improved on broilers fed D1 diet but it was 
not statistical different from D2, D3 and D4 diets. From 11 to 20d, 
broilers fed D1 and D2 had higher BWG than broilers fed D4 and D5 
diets but were not statistically different from D3 diet. Broilers fed D1, 
D2 and D3 diets had FC better than those fed D4 and D5 diets. From 
21 to 30d, broilers fed D1 and D2 had higher BWG than broilers fed 
D4 and D5 but were not statistically different from D3 diet. Broilers 
fed D5 showed the poorest BWG. The FC was improved in broilers 
fed D1 and D2 diets. From 31 to 40d, broilers fed D1, D2, D3 and D4 
diets had better BWG than D5 diet; furthermore, those fed D1, D2 and 
D3 showed best FC. Broilers fed D5 diet had worst FC. In conclusion, 
the usage of Bioenzima allowed a reduction of about 2.5% of dietary 
nutrients without deleterious effects in performance.

Key Words: broiler, enzyme, nutrients, performance

P324   The relative importance of calcium to phosphorus ratio 
and the use of phytase matrix values in total tract nutrient utiliza-
tion response to phytase supplementation for broilers. O. A. Olu-
kosi1, F. Fru-Nji2, and L. Beeson*1, 1Avian Science Research Centre, 
SRUC, Auchincruive, Ayr, United Kingdom, 2DSM Nutritional Prod-
ucts AG, Kaiseraugst, Switzerland.

Five-hundred and 76 broilers allocated at one day old to 12 treatments in 
a randomized complete block design and a 2 × 2 × 3 factorial arrange-
ment were used for a 21-d experiment to study the effect of Ca:P, phytase 
matrix and phytase supplementation on total tract nutrient utilization of 
broilers. Each treatment had 8 replicates with 6 birds per replicate. The 
factors were 2 levels of Ca:P (2:1 and 2.5:1), 2 levels of phytase matrix 
(with or without matrix values) and 3 levels of phytase (0, 1000 and 
2000 FYT/kg). Matrix values allowances for each 1000 FYT/kg were 75 
kcal/kg AME, 1.5 g/kg non-phytate P, 1.8 g/kg Ca, and 0.26 g/kg protein. 
Excreta were collected on d 19–21 and nutrient utilization data were 
analyzed using the GLM procedure of SAS. All the 2-way interactions 
were significant but 3-way interaction was only significant for AME. 
Phytase supplementation increased (P < 0.05) total tract retention of DM, 
N, total P and phytate-P relative to the control in the diets with 2:1 Ca:P 
and phytase matrix. Phytase increased (P < 0.05) total tract retention 
of total P relative to the control (42.5% vs. 54.6%) in diets with 2.5:1 
Ca:P and with phytase matrix. In the diet with phytase matrix and 2:1 
Ca:P, increasing phytase supplementation to 2000 FYT/kg increased (P 
< 0.05) total P (56.1% to 69.1%) and phytate-P utilization (63.6% to 
71.8%) but there was no difference in total P utilization in similar diets 
when Ca:P was increased to 2.5:1. Greater nutrient utilization response 
(P < 0.05) to phytase supplementation was observed in the diets with 2:1 
Ca:P ratio and phytase matrix. In the diet with the same matrix values but 
different Ca:P, total P and phytate-P utilization were greater (P < 0.05) 
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in the diet with 2:1 Ca:P. It was concluded from this study that nutrient 
utilization response to phytase supplementation depended on both the 
Ca:P as well as phytase matrix values but Ca:P had greater effect on 
response to phytase supplementation and that phytase supplementation 
at 2000 FYT/kg was more effective in diet with 2:1 Ca:P.

Key Words: broiler, Ca:P, nutrient utilization, phytase, phytase matrix

P325   Phytase supplementation, beyond improving perfor-
mance and bone mineralization, modifies intestinal morphology 
of broilers chickens. A. Raffaella1, G. Patrick1, B. Jiri2, and F. R. U. 
Fidelis*2, 1DSM Nutritional Products France, Research Center for 
Animal Nutrition and Health, France, 2DSM Nutritional Products, 
Basel, Switzerland.

In a 5-week study, a phytase product from Citrobacter braakii was 
tested in broilers to evaluate its effects on growth performance, myo-
inositol concentration in plasma and bone mineralization. In addition 
an evaluation of its effects on the gut morphology was studied. The 
birds were allotted to 2 treatments each fed a basal diet in 2 regimens 
(starter and grower) formulated to contain 4.6 g and 4.2 g total P per 
kg diet, respectively. The 2 regimens contained also 8.9 g and 7.9 g Ca 
and 1.28 and 0.98 g available P per kg diet, respectively. The basal diet 
(NC) was fed either with or without phytase added at 1000 U per kg 
feed. As expected phytase supplementation significantly improved the 
weight gain. Supplementing phytase resulted in significant improve-
ment of tibia strength and tibia ash percentage (P < 0.001). A highly 
significant (P < 0.001) increase of myo-inositol, the end product of 
phytate P hydrolysis, concentration in blood plasma, was recorded with 
phytase supplementation. The intestinal morphology was also modified, 
resulting in longer jejunal (P < 0.001) and ileal villi and wider villi in 
the duodenum (+27%) and jejunum (+25%) compared with NC. From 
this study phytase supplementation did not only help the hydrolysis 
of phytate-P but also had a significant modification of the intestinal 
tract, even more so in the proximal parts, which could help increase 
absorption. These are indications that a phytase has more nutritional 
values than just releasing phosphates. Further studies are necessary to 
confirm these effects.

Key Words: phytase, intestinal morphology, myo-inositol, broiler 
chicken

P326   The effect of enzyme supplementation on growth perfor-
mance and energy utilization in broiler chickens fed corn-SBM 
diets of different AMEn content. A. Rogiewicz*1, R. Patterson2, and 
B. A. Slominski1, 1University of Manitoba, Winnipeg, MB, Canada, 
2Canadian Bio-Systems, Calgary, AB, Canada.

A study was conducted to determine the effect of a multicarbohydrase 
enzyme product Superzyme CS containing xylanase, glucanase, cellu-
lase, invertase, mannanase, amylase and protease activities on energy 
utilization and growth performance of broiler chickens. Broilers were 
assigned to 7 dietary treatments, each consisting of 9 pens of 8 birds each, 
and were fed 6 corn-SBM titration diets containing 3125, 3100, 3075, 
3050, 3025 and 3000 kcal ME/kg from 1 to 21 d of age. A control diet 
formulated to contain 3150 kcal/kg with no enzyme added was used for 
comparison with the titration diets. Energy reduction within the experi-
mental diets was achieved by decreasing fat (canola oil) content from 
5.4 to 2.6% and increasing corn inclusion from 42.6 to 46.0%. All diets 
contained the same amounts of SBM (33–34%), wheat (10%), meat and 
bone meal (5%), methionine (0.09%), and mineral and vitamin supple-

ments (2.9–3.0%). When compared with the control treatment, there 
was no effect (P > 0.05) of fat reduction with enzyme supplementation 
on growth performance. Body weight gain averaged 903.7 g/bird for 
the control diet, and 927.6, 930.2, 915.0, 897.8, 893.2 and 891.9 g/bird 
for the enzyme supplemented diets containing 3125, 3100, 3075, 3050, 
3025, and 3000 kcal ME/kg, respectively. In the same order, FCR aver-
aged 1.30 for the control diet, and 1.30, 1.27, 1.30, 1.31, 1.33, and 1.34 
for the enzyme supplemented diets. Although not statistically different, 
the last 2 enzyme-supplemented diets showed some slight reduction in 
BWG and FCR. This was confirmed by a linear decrease (P < 0.05) in 
the determined AMEn values which averaged 2923, 2886, and 2852 
kcal/kg for the last 3 diets and were lower than that of the control (i.e., 
3004 kcal/kg). Considering a conservative energy level of 3075 kcal/
kg showing the identical growth performance parameters as those of 
the control diet (i.e., 3150 kcal/kg), enzyme supplementation could 
represent a gross savings of $14.80 per tonne of feed.

Key Words: enzyme, broiler chicken, AMEn

P327   The response of 22- to 47-day-old broiler chickens to heat 
stress and low-nutrient-dense-diets that are supplemented with or 
without an enzyme complex containing non-starch polysaccha-
ride (NSP) enzymes and a 6-phytase. C. Soto1, E. Avila2, J. Arce3, 
F. Rosas1, and R. B. Shirley*4, 1Adisseo de México, Guadalajara, 
Jalisco, México, 2Centro de Enseñanza, Investigación y Extensión en 
Producción Avícola, México, Distrito Federal, México, 3Universidad 
Michoacana de San Nicolás de Hidalgo, Morelia, Michoacán, México, 
4Adisseo USA, Alpharetta, GA.

The following 2 × 2 factorial arrangement evaluated broiler performance 
(BP) in the presence or absence of Rovabio Max supplementation (RM; 
a multi-enzyme complex containing 19 carbohydrase enzymes and a 
6-phytase), and in the presence or absence of heat stress (HS). Body 
weight (BW; kg/bird), feed conversion ratio (FCR), water consumption 
(WC; L/bird) and heterophil:lymphocyte ratio (HLR) were the depen-
dent variables. On d-0, 2,800 d-of-hatch, Ross 308 mixed-sex broilers 
were randomly allocated across 4 treatments (7 reps/trt; 100 birds/rep). 
Ross nutrient guidelines for the common starter (21 d), grower (14 d) 
and finisher (13 d) phases were used (−95 kcal/kg, −2% TAA, −0.153 
aP and −0.12% Ca). These diets were split into 2 batches, one with 
and one without RM. From 22 to 47 d-of-age, broilers were held at a 
constant temperature (28.1°C; non-stressed birds) or chronically heat 
stressed (32.1°C for ~16 h/d). Supplementing with RM resulted in a 
significantly (P < 0.01) higher BW (1.91 vs. 1.74 on d-35 and 2.87 vs. 
2.72 on d-42), and a lower FCR (1.59 vs. 1.69 on d-35) and WC (7.68 
vs. 7.78 on d-35 and 13.58 vs. 13.73 on d-42). Heat stress resulted in a 
statistical (P < 0.01) reduction in BW (1.84 vs. 1.81 on d-35 and 2.83 vs. 
2.76 on d-42) and an increase in WC (7.67 vs. 7.79 on d-35 and 13.60 
vs. 13.72 on d-42). On d-33, the HLR was 17.6% lower for broilers fed 
the RM-supplemented diet and 13.8% higher for HS birds (P < 0.01). 
Under HS, supplementing RM improved (P < 0. 01) BW (1.74 without 
RM vs. 1.88 with RM on d-35 and 2.69 without RM vs. 2.83 with RM 
on d-42), had no significant effect on FCR (1.67 without RM vs. 1.59 
with RM on d-35 and 1.90 without RM vs. 1.87 with RM on d-47), and 
improved (P < 0.01) WC (7.89 without RM vs. 7.70 on d-35 and 13.38 
vs. 13.61 on d-47). On d-33, the use of RM under HS conditions reduced 
the HLR by 58.9% (P < 0.01). These results demonstrate the negative 
effects of HS on BP, and the benefits of Rovabio Max against HS.

Key Words: broiler chicken, carbohydrase, heat stress, immunity, 
phytase
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P328   Use of proteases on diets with phytase and carbohydrase 
to broilers. C. Meneghetti, A. G. Bertechini*, A. A. P. Garcia Junior, 
M. P. Reis, and B. Amorin, Universidade Federal de Lavras, Lavras, 
Minas Gerais, Brazil.

The main objective of this study was to evaluate the effects of supple-
menting 2 protease enzymes; (CDP) Cibenza DP100 (600,000 U/g) and 
(RPA) Ronozyme ProAct (75,000 PROT/g), in mash corn/soy diets with 
2 levels of reduced digestible amino acids; (−7% AA) or (−10% AA). A 
total of 1400 Cobb 500 male broilers were distributed in a completely 
randomized design with 7 treatments and 8 replicates each. All treat-
ments with the exception of the positive and negative control diets 
contained a phytase (Phyzyme XP, 10,000 FTU/g) and a carbohydrase 
(Ronozyme A, an α-amylase-200 kNU/g, and β-glucanase-350 FGB/g 
based product). The treatments (TRT) were 1) Positive control (PC) 
with an ME of 3,050/3,150/3,200 Kcal/kg, Lys 1.30/1.19/1.10%, Met + 
Cys 0.94/0.85/0.79% and Thr 0.85/0.81/0.78%, to 1–21d, 22–35d, and 
36–41d, respectively, 2) Negative control 1 (NC1) with ME reduced 
100 kcal/kg and −7% Lys, Met + Cys, Thr and −0.12% av P and Ca 3) 
Negative control 2 (NC2) with reduced ME, av P and Ca as NC1 but 
with −10% Lys, Met + Cys and Thr 4) NC1 + 500 FTU/kg of phytase, 
0.03% carbohydase and the 0.05% CDP protease 5) as TRT 4 + 0.02% 
RPA protease 6) NC 2 + 500 FTU/kg phytase and 0.03% cabohydrase + 
0.05% CDP protease 7) as TRT 6 + 0.02% RPA protease. All enzymes 
were added individually and according to the indicated levels for use. 
Performance and carcass characteristics (carcass yields and fat pad) of 
chicks at 41 d were measured. The NC1 and NC2 diets showed higher 
values (P < 0.05) of FCR and FI, similar BW (P > 0.05) in relation 
to PC diets at 1–41 d. The CDP protease was effective (P < 0.05) on 
recovering the FCR of the birds in early phase (1–21d) on NC1, while 
RPA protease resulted in a similar (P > 0.05) FCR and BW (1–41d) to 
the PC, regardless of nutritional reductions of the negative controls. 
No effects (P > 0.05) on carcass yield or fat pad were found due to any 
dietary treatment. In conclusion, the supplementation of the phytase, 
protease and carbohydrase studied in corn/soybean meal diets reduced 
in 100 kcal of ME/kg, up to 10% in limiting amino acids and 0.12% of 
Av P and Ca, can be used in chicks up to 41 d without detrimental effect 
on performance and carcass characteristics.

Key Words: broiler performance, enzyme, nutrient reduction

P329   In vitro evaluation measurements for phytase products. 
C. Schauerhuber*, M. Pfeffer, and G. Schatzmayr, Biomin Research 
Center, Tulln, Austria.

Phytase is a well-known feed enzyme to degrade indigestible phytate. 
This degradation reduces the anti-nutritive value of phytate and provides 
additional phosphorus to the animal. Animal feed is hence reformulated 
to reduce the content of inorganic phosphorous, calcium and other 
matrix components as well as feed costs. Many phytase products differ 
in microbial origin and production host and highly in their properties. 
To get an understanding of existing products available on the market and 
learn more about the needs for a competitive product, the properties of 
existing products were evaluated in vitro. Five commercially available 
phytase products (A, B, C, D and E) were evaluated for 4 measure-
ments: thermal stability (75°C, 5 min), stability against the digestive 
enzyme pepsin (12.5 U/µL, 40°C, 60 min), pH profile (pH 2.0–5.5) and 
maximal releasable phosphorus. For all measurements, the products 
were dissolved in sodium acetate buffer and treated for the respective 
measurement. Phytase activity (pH 5.5, 37°C, 30 min) was determined 
according to the ISO 30024:2009 method. As indicated by the manufac-
turer’s data, 4 (A, B, C and E) of 5 products showed thermal stability. 

The thermal stability of these products ranged from 65 (C) to 90% (E) 
recovery compared with non-heated controls (P = 0.000). Incubation 
with pepsin showed a reduction of phytase activity from 41 (C) to 85% 
(B) compared with non-treated controls (P = 0.000). As expected, the 
pH-profile of all tested products was similar but the optimum pH value 
ranged from 3.0 (E) to 4.0 (B, C and D) and 5.0 (A). The greatest dif-
ference in activity was observed at pH 2.0 where a reduction of 44 (E) 
to 90% (D) of the maximal activity was measured. For the measure-
ment of maximal releasable phosphorus, all products showed the same 
result. Only 4 out of 6 phosphorus groups were released although the 
enzyme was present in high surplus. In summary, it was observed that 
product E performed best in terms of stability against heat and pepsin 
and activity at pH 2.0 in contrast to product D which performed worst. 
The demands for a competitive product will be to keep up with the 
properties of product E at least.

Key Words: phytase activity determination, thermal stability, proteolytic 
stability, pH-profile, phosphorus

P330   Phytase enzyme supplementation in laying hens diet con-
taining varying levels of NPP. M. Neijat*1, E. Kebreab2, W. Guenter1, 
B. Slomniski1, and J. D. House1, 1University of Manitoba, Winnipeg, 
MB, Canada, 2University of California, Davis.

An experiment was conducted to evaluate the effect of phytase enzyme 
(Phyzyme XP, Danisco) supplementation on phosphorus (P) intake, 
excretion and balance in laying hens (50 to 56 wks of age) fed a wheat-
soybean meal diet containing 2 levels of non-phytate phosphorus 
(NPP). The diets contained similar levels of calcium, energy and crude 
protein. In the study, 3 levels of phytase enzyme (0, 250 and 500 units/
kg of diet) and 2 levels of NPP (0.25% and 0.40%) were used. Hen 
performance, P intake, excretion and balance were measured over a 4 
wk period and the data were analyzed using a 2 × 3 factorial design as 
a repeated measures analysis using the MIXED procedure of SAS. No 
significant differences were observed among the dietary treatments in 
egg production, egg weight or feed intake. However, body weight gain 
decreased significantly (P < 0.01) with increasing levels of phytase. 
Phosphorus (P) intakes were significantly (P < 0.0001) greater for 
diets containing 0.40% NPP than 0.25% level (0.58 vs. 0.38 ± 0.01 g/
hen/day, respectively). Similarly, hens consumed higher (P < 0.0001, 
0.61 ± 0.01 g/hen/d) levels of P when phytase was not added compared 
with 0.44 and 0.39 ± 0.01 g/hen/d for 250 and 500 units/kg of diet, 
respectively. However, P balances in hens were significantly lowest (P 
< 0.0001) with 500 units/kg phytase for both levels of NPP. Phosphorus 
excretion decreased (P < 0.001) for 0.25% NPP with either level of 
phytase supplementation (0.055 and 0.078 ± 0.013 g/hen/d for 250 and 
500 units/kg phytase, respectively). On the other hand, phytase supple-
mentation to laying hen diets containing higher levels of NPP (0.40%), 
exhibited the highest (P < 0.001) P excretions. In summary, when using 
phytase-supplemented diets, attention to NPP levels is critical to avoid 
excessive P excretion. Funding: Manitoba Egg Farmers and Manitoba 
Rural Adaptation Council.

Key Words: phytase, NPP, phosphorus, laying hen

P331   Evaluation of β-mannanase and NSPase inclusion sepa-
rately or intermittently in reduced energy diets on broiler perfor-
mance parameters and processing yield. M. P. Williams*1, J. Klein1, 
B. Brown2, S. Rao3, and J. T. Lee1, 1Texas A&M Agrilife Research, 
Department of Poultry Science, College Station, 2Enzyvia LLC, Sheri-
dan, IN, 3Foster Farms, Livingston, CA.
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The object of the current study was to evaluate the impact of feeding 
β-mannanase and NSPase (cocktail carbohydrase) separately or intermit-
tently in reduced energy broiler diets on performance and processing 
parameters. The experimental design consisted of 5 dietary treatments 
including a positive control (PC), negative control (NC) with a reduction 
of 88 kcal/kg ME through the starter and grower 1 phase and 132 kcal/
kg reduction in the grower 2, finisher, and withdrawal phases compared 
with the PC, and the NC supplemented with β-mannanase, NSPase, and 
β-mannanase and NSPase intermittently. The intermittent treatment 
included β-mannanase inclusion from d 1–21 and NSPase from d 22–47. 
Each treatment included 9 replicate pens with 35 male broilers placed per 
replicate. The dietary program consisted of 5 dietary phases including 
the starter (1–10), grower 1 (11–21), grower 2 (22–32), finisher (33–40), 
and withdrawal (41–47). Broilers were weighed and feed consumption 
determined on days of dietary changes. On d 48 following an 8 h feed 
withdrawal period, 6 broilers from each replicate pen were removed 
and processed for carcass and fat pad measurements. For the duration 
of the experiment, the reduction in energy in the NC diet reduced (P < 
0.05) male broiler body weight and the inclusion of β-mannanase and 
NSPase separately and intermittently in the NC diet improved growth 
performance to levels that were comparable to the PC. The NC yielded 
the highest mortality corrected FCR and the inclusion of β-mannanase 
and NSPase separately and intermittently reduced (P < 0.05) FCR to 
levels comparable to the PC for the duration of the trial. The NC diet 
yielded the lowest processing yields and the inclusion of β-mannanase 
and NSPase separately and intermittently increased carcass yield to 
a level similar to the PC, however all enzyme treatments exhibited a 
reduced fat pad yield compared with the PC. These data confirm the 
inclusion of β-mannanase and NSPase separately or intermittently 
improve growth performance parameters in broilers fed reduced energy.

Key Words: broiler, performance, processing, enzyme

P332   Evaluation of the inclusion of a thermostable xylanase in 
broiler diets. J. Pieniazek*, M. P. Williams, J. Klein, and J. T. Lee, 
Texas A&M Agrilife Research, Department of Poultry Science, Col-
lege Station.

An experiment was conducted to investigate increasing concentrations 
of a thermostable xylanase on growth performance and energy digest-
ibility in male broilers. The experimental design included 5 dietary 
treatments, including a control diet without enzyme inclusion and the 
control diet supplemented with 4 increasing levels of xylanase (250, 500, 
1000, and 2000 U/kg of diet). Each treatment included 10 replicate pens 
with 35 male broilers placed per pen (1,750 total chicks placed). ‘The 
basal diet contained 30% whole wheat and 15% dried distillers grains 
with solubles (DDGS) and were pelleted at 82 C with no changes in 
nutrient specifications associated with xylanase inclusion. The dietary 
program included a starter (d 1–14), a grower (d 14–28), and a finisher 
(d 28–39). Broilers were weighed and feed consumption determined on 
d 14, 28, and 39. On d 38, ileal contents were collected from 3 broil-
ers and pooled on a per pen basis; titanium dioxide was utilized as an 
indigestible marker. Data were analyzed via a one-way ANOVA with 
means deemed significantly different at P ≤ 0.05 and separated using 
Duncan’s Multiple Range Test. Inclusion of 1000 and 2000 U/kg of 
xylanase increased (P < 0.05) body weight at d 28 as compared with 
the control diet; however, no differences were observed in body weight 
at the conclusion of the trial. A reduction in mortality corrected feed 
conversion ratio (FCR) was observed with the inclusion of xylanase at 
all inclusion levels in all dietary phases as compared with the control 
diet. These improvements in FCR corresponded with increases in ileal 
digestible energy. These data confirm the benefits of increased energy 

digestibility and improved feed conversion ratio with xylanase inclu-
sion in diets containing wheat and DDGS when fed to male broilers.

Key Words: broiler, xylanase, growth performance, ileal digestible 
energy

P333   The effects of extrusion of wheat distillers dried grains 
with solubles with and/or without enzymes on performance turkey 
hen poults. E. Y. Opoku*, H. L. Classen, R. A. Agivale, and T. A. 
Scott, University of Saskatchewan, Saskatoon, SK, Canada.

High fiber potentially reduces the utilization of wheat distillers dried 
grain with solubles (wDDGS) for poultry and therefore it was of interest 
to determine if processing or dietary enzymes could improve nutritional 
value. A total of 10 dietary treatments, 0% WDDGS [non-extruded (EX-) 
with and/or without enzyme (E+/ E-)], 15% WDDGS [(EX-/EX+), (E+/
E-)] and 30% WDDGS [(EX-/EX+), (E+/E-)] were fed to assess their 
impact in the starter phase.In the respective treatments, only the WDDGS 
was extruded using a twin-screw extrusion. Temperature at the end of 
the barrel was 118°C, with retention of 15 s, total moisture was 25% and 
33 Bar pressure. Diets met or exceeded the nutrient requirements of the 
Hybrid Converter turkey. The respective diets were supplemented with 
an enzyme cocktail (0.5g/kg) containing xylanase, glucanase, invertase, 
protease, cellulose, amylase, mannanase and galactanase. Diets were 
fed ad libitum to a total of 350 7d old hen poults from 7 to 21d; each 
treatment was assigned 7 cages of 5 poults in a completely randomized 
design. Data was collected on poult performance and 21d intestinal 
tract measurements expressed on relative body weight basis. There was 
no significant effect of diet on feed intake and feed:gain ratio. Average 
weight gain (21d) were significantly higher (P < 0.05) for 0% (E-) as 
compared with 30% [(EX-/EX+), (E+/E-)] wDDGS treatments; but not 
different than the 0% level with enzyme) or 15%WDDGS treatments 
regardless of extruder or enzyme application. Significant (P < 0.05) 
effect of diet was observed for proventriculus weight, gizzard weight, 
duodenal length and ileal length. Intestinal segments were higher for 
the 30% compared with the 0%. Incorporation of WDDGS in turkey 
hen diets is found to be an appropriate practice. Neither extrusion nor 
enzyme was effective in improving the nutritional value of WDDGS as 
indicated by growth performance.

Key Words: wheat distillers dried grains with solubles, extrusion, 
enzyme, turkey, growth performance

P334   Effects of increasing pelleting temperature on NSPase 
inclusion in reduced energy diets on male broiler growth perfor-
mance. J. Klein*1, M. P. Williams1, M. Roux2, S. Lawson3, and J. T. 
Lee1, 1Texas A&M Agrilife Research, Department of Poultry Science, 
College Station, TX, 2Enzyvia LLC, Sheridan, IN, 3JBS United, Sheri-
dan, IN.

An experiment was conducted to compare the performance of broilers 
fed reduced energy diets with the inclusion of an NSPase (cocktail carbo-
hydrase) that was pelleted at 3 different temperatures. The experimental 
design consisted of 5 dietary treatments that included a positive control 
(PC), a negative control (NC) with a reduction of 132 kcal/kg of ME 
throughout the experiment compared with the PC, and the 3 remaining 
treatments were NC supplemented with NSPase pelleted at 80°C, 85°C, 
and 90°C. The PC and NC diets were pelleted at 85°C. Each treatment 
included 8 replicates with 35 male broilers per replicate for a total of 
1,400 broilers placed. The dietary program consisted of 4 dietary phases 
a starter (d 1–14), grower (d 14–28), finisher (d 28–37), and withdrawal 
(d 37–44). Broilers were weighed and feed consumption determined 
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on d 14, 28, 37, and 44 which coincided with dietary changes. Body 
weight was reduced (P < 0.05) in the NC compared with the PC on d 
14. Body weight was increased (P < 0.05) with the inclusion of NSPase 
pelleted at 80°C beginning on d 28 and continued throughout the rest of 
the experiment compared with NC. The inclusion of NSPase pelleted at 
85 and 90 C increased body weight (P < 0.05) on d 28 and 37 compared 
with NC. Cumulative mortality corrected feed conversion ratio (FCR) 
was increased (P < 0.05) in the NC diet throughout the experiment as 
compared with the PC diet. The inclusion of NSPase pelleted at 80°C 
reduced (P < 0.05) FCR compared with the NC throughout the experi-
ment. The inclusion of NSPase pelleted at 85°C and 90°C reduced (P 
< 0.05) cumulative FCR compared with the NC at 28 and 37 d. At the 
conclusion of the trial, NSPase inclusion pelleted at 85°C and 90°C 
yielded FCR similar to the PC. These data indicate that increasing pel-
leting temperature did not negatively affect NSPase efficacy.

Key Words: NSPase, pelleting temperature, performance,

P335   Evaluation of the pelleting stability of Ronozyme HiPhos 
GT under commercial conditions. L. Mejia*, N. E. Ward, and M. de 
Beer, DSM Nutritional Products LLC, Parsippany, NJ.

Elevated pelleting temperatures, moisture, conditioning time, and 
pressure can be detrimental to enzymes. Ronozyme HiPhos GT is 
formulated to minimize enzyme loss without interfering with efficacy. 
The patented GT (granulated thermostable) stabilization technology 
is composed primarily of a system of cellulose fiber and sodium sul-
fate. This commercial formulation was evaluated under various feed 
processing conditions in 2 experiments. Experiment 1 was conducted 
at the Department of Grain Science at Kansas State University. The 
evaluation compared different conditioning temperatures (82, 88, and 
93°C) at 30 and 60 s conditioning times in a typical corn/soybean meal 
broiler starter feed. Ten mash and 10 pellet samples of the feed were 
collected for each conditioning temperature and time combination, and 
analyzed to compare “before and after” pelleting. All samples were 
analyzed for phytase unit content and the mean and standard deviation 
were determined. The percent retention was calcuated by the following 
formula: (phytase units in pelleted feed/phytase units in mash feed) × 
100. In Experiment 2, mash and pellet samples of feed were likewise 
collected, analyzed, and percent retention was calculated from 10 dif-
ferent commercial feed mills with different pelleting conditions. Results 
from Experiment 1 indicated that Ronozyme HiPhos GT experienced 
retention values as high as 98% depending on the conditioning time and 
temperature. Survivability was inversely related to increased temperature 
and time. In Experiment 2, conditioning temperatures ranged between 
82 and 91°C and conditioning times were between 20 and 60 s for all 
the commercial feed mills sampled. Phytase retention values ranged 
between 82 and 100% depending on the conditioning temperatures and 

times. These results find Ronozyme HiPhos GT to experience a mean 
phytase retention of 88% ± 6 SD across a variety of feed conditioning 
times and temperatures.

Table 1.

Commercial  
feed mills

Mean pelleting 
temperature, °C

Mean conditioning 
time, s

Mean phytase 
retention, %

10 84 48 88

Key Words: phytase, enzyme, feed conditioning, pelleting, retention

P336   Effect of β-mannanase supplementation on nutrient uti-
lization of laying hens. R. Adhikari*1, M. Kugo1, J. H. Lee2, J. M. 
Heo3, C. M. Nyachoti1, and W. K. Kim1, 1University of Manitoba, 
Winnipeg, MB, Canada, 2CTC BIO Inc., Seoul, Korea, 3Chungnam 
National University, Daejeon, Korea.

A study was conducted to investigate the effects of β-mannanase on 
nutrient digestibility of laying hens fed corn-soybean meal (SBM) based 
diet with or without dried distillers grains with solubles (DDGS). A 
total of 72 Lohmann White laying hens (3 birds/pen) at 42 wks of age 
were randomly assigned to 4 dietary treatments: corn/SBM based diet 
(CS), CS with 0.4% β-mannanase (CS-Enz), Corn/SBM/10% DDGS 
(CSD), and CSD with 0.4% β-mannanase (CSD-Enz) in a 2 × 2 factorial 
arrangement. There were 6 replicate cages per treatment. Chromic Oxide 
(0.3%) was added to the diets as an indigestible marker. The hens were 
fed the treatment diets for an adjustment period of 9 d then for subse-
quent 3 d for collection of excreta. Excreta samples were analyzed for 
gross energy, nitrogen (N), calcium (Ca), phosphorus (P) and dry matter 
(DM) digestibility. Two birds per cage were killed by cervical dislocation 
and the jejunal content was obtained to determine viscosity. Contents 
of the lower ileum were collected and analyzed for amino acids, DM 
and N content. Supplementation of β-mannanase increased (P < 0.05) 
apparent ileal digestibility (AID) of DM and protein whereas there was 
no effect with inclusion of DDGS. Inclusion of DDGS or β-mannanase 
did not show significant difference in AID of amino acids and viscosity. 
There was no significant difference in apparent metabolizable energy 
and apparent total tract digestibility (ATTD) of Ca, P and protein with 
inclusion of DDGS or β-mannanase. Inclusion of DDGS decreased (P 
< 0.05) ATTD of DM. There was no significant enzyme and DDGS 
interaction in any of the ATTD and AID parameters measured. The 
results indicate that supplementing laying hen diets with β -mannanase 
improves ileal digestibility of dry matter and protein in feed; however 
it may not have significant effects on ileal amino acid digestibility and 
ATTD of nutrients in laying hens.

Key Words: β-mannanase, laying hen, nutrient utilization
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P337   Garlic meal and turmeric meal supplemented individu-
ally or in combination in nutrient-adequate diets improved broiler 
growth performance and nutrient utilization. O. A. Olukosi* and 
N. D. Dono, Avian Science Research Centre, SRUC, Auchincruive, Ayr, 
United Kingdom.

Two experiments were used to study the effect of supplementation of 
garlic meal (GM) or turmeric meal (TM) supplemented individually or 
in combination on growth performance, nutrient utilization and digesta 
pH in broilers fed nutrient-adequate diets. One-hundred and 50 d old 
Ross 308 were each used in Exp 1 and 2. The birds were allocated to 5 
treatments in a randomized complete block design such that each treat-
ment had 6 replicates (floor pens and cages for Exp 1 and 2, respectively) 
and 5 birds per replicate. The 5 treatments were a nutrient-adequate 
wheat-soybean meal control diet and 4 additional diets supplemented 
with TM alone (10 g/kg), GM alone (10 g/kg), TM plus GM (5 g/kg 
each), and TM plus GM (10 g/kg each). Birds and feed in Exp. 1 were 
weighed on d 21 whereas in Exp 2, excreta were collected on d 19 to 
21 and ileal digesta were collected on d 21. The pH of the digesta in the 
crop, proventriculus, jejunum and ceca were measured in situ on d 21 
for birds used in Exp 1. In Exp 1, supplementation of GM alone had no 
effect on growth performance but supplementation of TM alone or in 
combination with GM improved (P < 0.01) weight gain and gain:feed. 
Addition of GM and TM, individually or in combination, decreased (P 
< 0.05) digesta pH in the crop, proventriculus and ceca but not in the 
jejunum. Digesta pH in birds receiving TM alone was lower (P < 0.05) 
than those of birds receiving GM alone or GM plus TM (5/kg each). 
Supplementation of GM or TM individually or in combination improved 
(P < 0.01) ileal digestible energy, AME and AMEn. Ileal DM digest-
ibility as well as ileal and total tract N utilization tended (P < 0.01) to 
be improved with supplementation of TM alone. It was concluded from 
these experiments that addition of GM and TM to nutrient-adequate diets 
can improve growth performance and nutrient utilization efficiency of 
broilers receiving nutrient-adequate diets and the improvement is likely 
through beneficial modification of the gut environment.

Key Words: broiler, garlic meal, growth, nutrient utilization, turmeric 
meal

P338   Efficacy evaluation of different probiotic administration 
methods by using labeled probiotic bacteria in broilers. F. Hashem-
zadeh, S. Rahimi*, M. A. Karimi Torshizi, and A. A. Masoodi, Tarbiat 
Modares University, Tehran, Tehran, Iran.

Lactobacilli, like other gut commensal bacteria, are well known for 
their use in poultry nutrition and for their probiotic properties. However, 
little is known about the interaction of these microorganisms with the 
gastro-intestinal tract when administered in vivo. To specifically monitor 
the passage of lactobacilli after administered in hatchery, the GFP gene 
was cloned downstream from the constitutive L-lactate dehydrogenase 
promoter (pldhL) in the experiment. Lactobacillus plantarum was 
transformed with the recombinant vector pLEM415:gfp. A total of 200 
day-old chicks (ROSS 308) were assigned to 5 experimental groups 
including control and 4 in-hatchery probiotic administration method 
groups comprised of: in ovo injection, oral gavage, spray and vent lip 
application. Each group was comprised of 40 chicks. At 0, 4, 12, 24, 48 
and 72 h’s post-probiotic administration, 6 chicks were sacrificed from 
each group. Adhered bacteria were sampled following of homogenizing 
buffer washed intestinal sections. PCR was used to trace the transformed 

L. plantarum in alimentary tract of birds. The GFP transformed bacteria 
were detected in intestinal samples of oral gavage, spray and in ovo 
injection groups; in vent lip method no GFP transformed bacteria were 
detectable. Oral gavage method of probiotic administration was the most 
effective route, which seemed to be the result of direct delivery of the 
full dose of probiotic microorganisms into the target sites. In our experi-
ment, we demonstrated the usefulness of GFP transformed probiotic 
bacteria in to monitor the fate of the probiotics when administered via 
various routes to poultry.

Key Words: broiler, probiotic, labeling, green fluorescent protein, 
administration

P339   Evaluation of different probiotic administration methods 
by using labeled probiotic bacteria in broilers. F. Hashemzadeh1, S. 
Rahimi*1, M. A. Karimi Torshizi1, A. A. Masoudi1, and A. Rahimi2, 
1Tarbiat Modares University, Tehran, Tehran, Iran, 2Islamic Azad Uni-
versity, Tehran, Tehran, Iran.

Lactobacilli, like other gut commensal bacteria, are well known for 
their use in poultry nutrition and for their probiotic properties. However, 
little is known about the interaction of these microorganisms with the 
gastro-intestinal tract when administered in vivo. To specifically moni-
tor the passage of lactobacilli after administered in hatchery, the GFP 
gene was cloned downstream from the constitutive L-lactate dehydro-
genase promoter (pldhL) in the experiment. Lactobacillus plantarum 
was transformed with the recombinant vector pLEM415:gfp. A total of 
200 d old chicks (ROSS 308) were assigned to 5 experimental groups 
including control and 4 in-hatchery probiotic administration method 
groups comprised of: in ovo injection, oral gavage, spray and vent lip 
application. Each group was comprised of 40 chicks. At 0, 4, 12, 24, 
48 and 72 h’s post- probiotic administration, 6 chicks were sacrificed 
from each group. Adhered bacteria were sampled following washing of 
intestinal sections with homogenizing buffer . Polymerase chain reaction 
was used to trace the transformed L. plantarum in alimentary tract of 
birds. The GFP transformed bacteria were detected in intestinal samples 
of oral gavage, spray and in ovo injection groups; in vent lip method 
no GFP transformed bacteria were detectable. Oral gavage method of 
probiotic administration was the most effective route, which seemed 
to be the result of direct delivery of the full dose of probiotic microor-
ganisms into the target sites. In this experiment, we demonstrated the 
usefulness of GFP transformed probiotic bacteria to monitor the fate of 
the probiotics when administered via various routes to poultry.

Key Words: broiler, probiotic, morphology, administration method

P340   The effect of medicinal and aromatic plants on immune 
system and taste of meat in broilers. M. Mirzavand, S. Rahimi*, and 
M. A. Sahari, Tarbiat Modares University, Tehran, Tehran, Iran.

Antibiotics are mostly used at sub therapeutic level to improve the pro-
duction performance of poultry. However, consistent use of antibiotic 
will not only lead to various health issues, but also could be a major 
contributors to higher feed cost. Thus, it’s imperative to sort out alter-
natives that could effectively and economically substitute antibiotics. 
Several herbal sources have been effectively used in poultry production 
to improve growth performance and immunity of these birds. The aim of 
this study was to evaluate the effect of mint (Mentha longifolia), basil 
(Ocimum basilicum), parsley (Petroselinum crispum), dill (Anethum 
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graveolens), coriander (Coriandrum sativum), and garlic (Allium sati-
vum) on immune system and taste of meat of broiler chickens. Four 
hundred eighty d 1 broilers were assigned to 8 groups with 3 replicates 
of 20 birds per pen and fed with a basal diet (control) or basal diet 
supplemented with 1.5%: mint, basil, parsley, dill, coriander, garlic and 
0.015% antibiotic virginiamycin. Antibody response to sheep red blood 
cells (SRBC) was higher in garlic and dill groups (P < 0.05). Antibody 
responses to Newcastle disease vaccine (LaSota) was unaffected by 
treatments, but parsley in primary response and garlic in secondary 
response improved antibody levels (P > 0.05). Percent of heterophil: 
lymphocyte was affected by treatment as garlic was lowest and control 
was highest (P < 0.05). Coriander and mint had the greatest influence 
on the taste of meat. Coriander could make significant differences in 
odor, color, texture and overall acceptance of broiler meat compared 
with other treatments (P < 0.05).

Key Words: medicinal plant, immune system, taste of meat, broiler

P341   Omega-3 enrichment of egg yolk by using marine algae 
and different oil sources. M. Omidi1, S. Rahimi*1, M. A. Karimi Tor-
shizi1, and A. Rahimi2, 1Tarbiat Modares University, Tehran, Tehran, 
Iran, 2Islamic Azad University, Tehran, Tehran, Iran.

The study was conducted to evaluate the effects of different dietary oil 
sources and marine algae Sargassum sp. supplementation on laying hens 
performance and fatty acids profile of egg yolks. In this study, eighty-
four 23-wk-old laying hens (Tetra-SL) were divided into 7 experimental 
diets (4 replicates and 3 birds per replication) in a completely randomized 
design for 9 weeks. Experimental diets included: 1) control (no oil); 2) 
3% fish oil; 3) 3% olive oil; 4) 3% grape seed oil; 5) 3% canola oil; 6) 
3% soybean oil and 7) 3% soybean oil + 2.5% algae. The diets were 
similar in terms of energy and protein. The data were analyzed using 
the GLM procedure of the statistical software (SAS). Mean differences 
among treatments were evaluated through Duncan multiple range test 
at P < 0.05. The results indicated that the performance parameters were 
not significantly different among diets in the entire period (P > 0.05), 
but fatty acids profile of yolk were influenced by experimental diets 
(P < 0.01). Fish oil significantly reduced n-6 fatty acids and increased 
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) in egg 
yolk. Canola oil also increased linolenic acid content in the egg yolk.

Key Words: oil sources, marine algae, n-3 fatty acid, laying hen 
performance

P342   Dose responses to dietary Bacillus subtilis C-3102 (Cal-
sporin) spores plus Lactobacillus reuteri (Finelact Poultry) when 
broiler chicks were challenged with Eimeria maxima and Clos-
tridium perfringens. T. Lohrmann*1, N. Otomo2, T. Hamaoka2, G. 
F. Mathis3, and B. Lumpkins3, 1Quality Technology International 
Inc., Elgin, IL, 2Calpis USA Inc., Mt. Prospect, IL, 3Southern Poultry 
Research Inc., Athens, GA.

A battery trial from 0 to 28 d of age used Cobb male broiler chicks 
challenged with 0 or ~5,000 oocysts of Eimeria maxima on d 14 and 
with 0 or ~1 × 108 cfu of Clostridium perfringens per bird on d 19, 20, 
and 21. There were 8 cages of 8 birds each per treatment: T1 =  nonin-
fected chicks, nonmedicated diets; T2 = infected chicks, nonmedicated 
diets; T3 = infected chicks, Stafac 22 ppm diets; T4 = infected chicks, 
Calsporin 1x (CSP; 300,000 cfu/g feed) + Finelact Poultry (FLP; ~5 
× 107 cfu/bird by water on d 19); T5 = infected chicks, CSP 2x diets + 
FLP d 19; and T6 = infected chicks, CSP 3x diets + FLP d 19. Necrotic 
enteritis (NE) intestinal lesions were scored (0–3) on 3 birds/cage on d 

21. One-way ANOVA and Tukey’s HSD test (P ≤ 0.05) were used. The 
14–21 d BW gain was higher (P = 0.005) and feed/gain (F/G) lower (P 
< 0.001) for T1 than T2, with other groups intermediate. The 0–28 d F/G 
and mortality-adjusted F/G were lower (P < 0.001) for T1 than T2, with 
other groups intermediate. The 0–21 and 14–28 d F/G were higher (P = 
0.003) for T2 than for T1 or T3, with CSP + FLP groups intermediate. 
Total mortality % was higher (P = 0.001) for T2 than T1, with other 
groups intermediate. The NE mortality % and NE score were higher (P 
< 0.001) for T2 than for each of the other groups. The T4-T6 (CSP + 
FLP) groups were not significantly different in any parameter. The T3 
(Stafac) and T4-T6 (CSP + FLP) groups were statistically equivalent and 
significantly higher than T2 (infected, nonmedicated) for BW gain 14–21 
d, F/G 0–28 d, NE mortality %, and NE score. The T1 (noninfected, 
nonmedicated) and T3 (Stafac) groups had lower (P < 0.001) 14–28 d 
F/G than T2 (infected, nonmedicated) and T4-T6 (CSP + FLP) groups. 
Dietary Calsporin at 1x to 3x doses and Finelact Poultry (~5 × 107 cfu/
bird at d 19) gave benefits in BW gain, F/G, NE mortality %, and NE 
score in coccidial-clostridial challenged young broilers.

Key Words: Bacillus subtilis C-3102, broiler, Calsporin, Lactobacillus 
reuteri, necrotic enteritis

P343   Antibiotic growth promoters and a commercial blend of 
essential oils on performance and meat quality of broilers. B. R. 
Carvalho*1, A. M. Oliveira Neto1, L. F. T. Albino1, M. I. Hannas1, H. 
S. Rostagno1, D. F. Baffa1, E. A. A. Medeiros1, R. C. Aráujo2, and A. 
H. Pegoraro2, 1Federal University of Viçosa, Viçosa, Minas Gerais, 
Brazil, 2GRASP Ind. e Com. LTDA, Curitiba, Paraná, Brazil.

This study investigated different additive protocols containing antibi-
otic growth promoters (AGP) and/or a commercial blend of essential 
oils (BEO) on growth performance and meat quality of broilers. One 
thousand one hundred 20 males broiler chickens (Cobb) were randomly 
allotted in 7 treatments with 8 replicates (pen) of 20 birds each for 
45d. The additive protocols were divided in 3 phases (P): P1 – 1 to 
21d; P2 – 22 to 35d; and P3 – 35 to 45d. Treatments were: 1) Control 
without additives; 2) Tylosin (40 ppm) in P1 and P2 + no additive in 
P3; 3) Bacitracin methylene disalicylate (110 ppm) in P1 and P2 + no 
additive in P3; 4) Enramycin (8 ppm) in P1 and P2 + no additive in P3; 
5) BEO (100 ppm) throughout experiment; 6) Enramycin (8 ppm) with 
BEO (100 ppm) in P1 and P2 + BEO (100 ppm) in P3; 7) Enramycin (8 
ppm) in P1 + BEO (150 ppm) in P2 and P3. Variables evaluated were 
feed intake, body weight gain, feed conversion (FC) and viability. At 
45d, 13 broilers of T1, T4, T5, and T7 were slaughtered per treatment, 
being evaluated the water holding capacity, shear force in breast at d1 
after slaughter, lipid oxidation (LO) in breast and thigh at 1, 6 and 12d 
after slaughter and bacteria counts (BC) in breast at 1, 6, and 12d after 
slaughter. Broilers fed diets in all additive protocols had lower FC (P 
< 0.05) than Control (1.70, 1.62, 1.63, 1.65, 1.64, 1.63, 1.62 kg/kg for 
T1 to T7, respectively). At 1d after slaughter, a lower LO (P < 0.05) 
in breast was observed in T7 compared with T4, whereas T1 and T5 
did not differ among others. At 1d, breast from T4 showed a lower 
mesophyll BC (P < 0.05) compared with T1, while T5 and T7 showed 
intermediary results. At 6d after slaughter, breast from T5 and T7 had 
a lower psychrotrophic BC (P < 0.05) than T4, whereas T1 showed an 
intermediary value which did not differ from T4 or T5. In conclusion, the 
BEO achieved similar improvements in animal performance compared 
with the AGP protocols, enhancing oxidative stability and reducing the 
cold-growing bacteria population.

Key Words: additive, bacterial growth, chicken, lipid oxidation, meat 
contamination
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P344   Supplementation of feed with Bacillus subtilis (DSM 
19489) to laying hens reduces the moisture content in excreta. K. 
U. Sørensen1, D. Harrington*1, V. Ribeiro2, L. F. Albino2, and H. S. 
Rostagno2, 1Chr. Hansen, Animal Health and Nutrition, Hørsholm, 
Denmark, 2Universidade Federal de Viçosa, Departmento de Zootech-
nía, Viçosa, Brazil.

An increased moisture content of the excreta of laying hens is associated 
with more dirty eggs, causing greater handling costs due to washing pro-
cedures. Contamination of the egg shell by excreta increases the number 
of microbes on the shell surface thereby increasing the risk of bacterial 
contamination of the internal content of the egg. Furthermore, fecal mate-
rial is found to favor the proliferation of gram-negative bacteria that are 
better able to penetrate the shell than gram-positive. Supplementation 
with probiotics has been associated with increased digestibility of feed 
and this has been put forward as a suggestion to decrease moisture in 
excreta. The aim of this trial was to study whether Bacillus subtilis (DSM 
19489) may help to reduce moisture content in the excreta of laying hens. 
A total 180 laying hens, Hy-Line, were fed 3 diets from 25 to 45 weeks 
of age; total excreta for moisture determination was collected during 
wk 33–37. Corn and soybean meal based diets were formulated to meet 
recommended nutrient levels. Diets: 1: Negative control (NC), 2: NC + 
B. subtilis (8.0 × 105 cfu/g of feed), 3: NC + B. subtilis (4.0 × 105 cfu/g 
of feed). The hens were housed 2 to a cage (25 × 40 cm) with a total 
floor space of 1000 cm2. A complete randomized block design with 3 
treatments; 10 replicates of 6 birds per experimental unit was used and 
subjected to ANOVA analysis. Both groups fed the diets supplemented 
with B. subtilis had a significantly lower moisture level of the excreta 
compared to the negative control group (Diet 2: 70.8%, Diet 3: 71.5% 
vs. Diet 1: 72.5%) (P < 0.05). No significant difference in the moisture 
level of the excreta was found between the B. subtilis supplemented 
groups, however a numerical trend pointed towards that the higher dose 
of B. subtilis resulted in a lower level of moisture in the excreta than 
the lower dose. In conclusion, supplementation of B. subtilis to laying 
hen diets has the potential to lower the moisture content of the excreta 
and thus may have the potential to reduce dirt on the eggs and the risk 
of contamination of eggs with unwanted microorganisms.

Key Words: Bacillus subtilis, layer, excreta, moisture, egg shell

P345   Use of a competitive exclusion product (Aviguard) to 
prevent Clostridium Perfringens colonization in broiler chickens 
under induced challenge. A. M. Abudabos*1 and A. H. Alyemni2, 
1King Saud University, Department of Animal Production, Riyadh, 
Saudi Arabia, 2ARASCO for Feed, Riyadh, Saudi Arabia.

The purpose of this study was to examine the effect of supplementing 
drinking water or spraying chicks’ body with a competitive exclusion 
(CE) product, Aviguard (AG) on growth parameters, gut health and 
control pathogen colonization of broilers under Clostridium perfringens 
(C. perfringens) challenge. The birds received one of the following treat-
ments: 1 = positive control (CONT): with no additions; 2 = negative 
control + C. perfringens challenge (CONTcp); 3 = coarse spray of AG 
at d 1 + C. perfringens challenge (AGspray); or 4 = Aviguard in drinking 
water at d 8 + C. perfringens challenge (AGwater). Overall, feed conver-
sion ratio (FCR) in treatment AGwater was significantly better (P < 0.05) 
than the CONTcp or AGspray treatments, whereas CONT was intermediate 
and not different from AGwater. The improvement in FCR was due to 
reduction in feed intake (FI) in AGwater, while body weight gain (BWG) 
was not influenced by treatment. Aviguard in water was very effective 
in eliminating C. perfringens that was induced by necrotic enteritis 
infection model. The changes in C. perfringens count appear in paral-
lel to observed changes in villi width in the small intestine. The results 

from this study indicated that AGwater can be considered as an effective 
nonantibiotic alternative for C. perfringens prevention in broilers.

Key Words: competitive exclusion, Aviguard, performance, broiler, 
Clostridium perfringens

P346   Effects of dietary supplementation of microalgae on pro-
duction performance, egg quality and yolk fatty acid profile of 
laying hens. T. Ao*, L. M. Macalintal, M. Paul, A. J. Pescatore, A. H. 
Cantor, B. Timmons, C. Conn, M. J. Ford, and K. A. Dawson, Alltech-
University of Kentucky Nutrition Research Alliance, Lexington, KY.

High dietary levels of n-3 (omega-3) polyunsaturated fatty acids, in 
particular docosahexaenoic acid (DHA) and eicosapentaenoic acid 
(EPA), have been shown to be beneficial to human health. Fish oil has 
been widely investigated for enrichment of n-3 fatty acids in eggs in 
the past. However, due to the concern of off-flavors of eggs when high 
levels of fish oil are included in laying hen diets, alternative sources are 
needed to reach the same goal. The microalgae strain Schizochytrium 
contains 70% fat that has a fatty acid profile similar to that of fish oil. 
A study was conducted to investigate the effects of adding different 
levels of microalgae strain Schizochytrium (SP-1, Alltech Inc.) in layer 
diets on the performance of layers, egg quality and fatty acid profile 
of egg yolk. Twelve replicate groups of 6 Hy-Line W-36 laying hens 
(46-wk-old) were assigned to each of 4 dietary treatments. Dietary 
treatments consisted of feeding a corn-soybean meal control diet alone 
or supplemented with 0.5, 1.0 or 2.0% SP-1 during a 24-wk production 
period. Before giving treatment diets, all layers were fed the corn-soy 
control diet. After feeding the experimental diets for 4 wk, egg yolks 
were analyzed for fatty acids content. Egg production, feed intake, 
body weight, egg weight and egg and shell quality were not affected by 
dietary treatments. The DHA content in egg yolk linearly increased (P 
< 0.01) with increasing level of SP-1 in the diet (283, 419, 510 and 656 
mg/100g yolk). Plasma DHA concentration also increased (P < 0.01) 
due to dietary supplementation of SP-1 (1.31, 2.01, 2.31 and 2.90%). 
The data from this trial indicate that adding microalgae-based SP-1 to 
layer diets is an effective method of producing DHA enriched eggs.

Key Words: layer, microalgae, DHA, egg yolk, performance

P347   Effects of dietary supplementation of microalgae on 
growth performance, immunity and meat fatty acid profile of 
broilers. L. M. Macalintal*, T. Ao, A. J. Pescatore, A. H. Cantor, B. 
Timmons, C. Conn, M. J. Ford, and K. A. Dawson, Alltech-University 
of Kentucky Nutrition Research Alliance, Lexington, KY.

Dietary fish oil has been shown to be an effective way for promoting 
growth and immunity of the chicks and the enrichment of n-3 (omega-3) 
polyunsaturated fatty acids in chicken meat. However, the off-flavors 
of meat due to addition of fish oil in the diet prevents this approach 
from being widely accepted. The microalgae strain, Schizochytrium 
contains 70% fat which has a fatty acid profile similar to that of fish 
oil. A study was conducted to investigate the effects of adding different 
levels of microalgae strain Schizochytrium (SP-1, Alltech Inc.) to broiler 
diets on growth performance, immunity of broiler chicks and the fatty 
acid profile of chicken meat and liver. Dietary treatments consisted of 
feeding: 1) a corn-soy control diet with no supplementation of SP-1; 2) 
the corn-soy diet + 2% SP-1; and 3) the corn-soy diet + 4% SP-1. One 
d of age, 180 male chicks were randomly assigned to 3 dietary treat-
ments using 10 replicate cages of 6 chicks per cage and raised in an 
environmentally controlled room for 21d. Eighteen chicks fed diet 1 or 
3 were intravenously injected with 1 mL of 7% sheep red blood cells at 
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7d (primary) and 21d (secondary) of age. Blood samples were collected 
at 7 and 21d post primary or 7d post secondary injection. Total IgG and 
IgM titers were measured using hemagglutination assays. Supplementing 
the diet with SP-1 significantly increased weight gain and feed intake 
at 7 and 14d of age. The EPA, DHA and total n-3 fatty acid content in 
chicken breast, thigh meat and liver were linearly increased (P < 0.01) 
by dietary SP-1 while the ratio of n-6 fatty acids to n-3 fatty acids in 
chicken meat and liver was significantly decreased. The IgM titer of 
chicks fed SP-1 was higher (P < 0.05) than those fed the control diet 
after 21d post primary injection. These results indicate that adding SP-1 
to the diet can enrich n-3 fatty acids in chicken meat, promote immunity 
and early growth performance of broilers.

Key Words: broiler chick, microalgae, DHA, meat, immunity

P348   Analysis of putative Lactobacillus crispatus adherence 
proteins important in gastrointestinal colonization of poultry. T. 
Duong*, M. A. Spivey, S. L. Dunn-Horrocks, A. K. Barker, and A. T. 
Wood, Texas A&M University, College Station.

Administration of probiotic Lactobacillus cultures is an important 
alternative to the use of antibiotic growth promoters and has been dem-
onstrated to improve animal health, growth performance, and microbial 
food safety in poultry production. The ability of these microorganisms 
to adhere to epithelial tissue is critical to their functionality and is 
thought to promote their communication with host-cells and retention 
in the gastrointestinal tract. However, mechanisms of Lactobacillus 
adherence to the epithelial tissue and colonization of poultry are not 
well characterized. The objective of this study is to investigate cell 
surface proteins of Lactobacillus crispatus that may promote adher-
ence to gastrointestinal tissues using a functional genomics approach. 
The complete genome sequence of L. crispatus ST-1, originally iso-
lated from the crop of a chicken, was recently published. Cell binding 
assays showed that L. crispatus was able to effectively adhere to the 
chicken LMH epithelial cell line and administration to broiler chicks 
revealed it was able to transiently colonize the gastrointestinal tract 
of poultry. Predicted open reading frames from the genome sequence 
of this organism were used to query known protein and protein-motif 
databases. Computational analysis identified 30 proteins potentially 
involved in adhesion to epithelial cells including collagen binding pro-
teins, fibronectin-binding and fibronectin domain-containing proteins, 
mucus-binding proteins, and surface layer proteins. PCR primers were 
designed for amplification and cloning of internal gene fragments for 
the construction of targeted gene insertion knockouts using pORI28. The 
constructed knockout mutants will be used to evaluate the role of these 
putative adhesion factors in adherence and colonization of poultry. A 
mechanistic understanding of Lactobacillus colonization of poultry can 
be applied to the selection and development of more effective probiotic 
cultures for use in the poultry industry.

Key Words: probiotic, Lactobacillus crispatus, adherence, colonization

P349   Effect of dietary energy, protein and additives on the per-
formance, blood properties and bone mineral density of ducks. J. 
Um1, M. R. Hassan1, H. S. Choe1, and K. S. Ryu*2, 1Feed Research 
Institute, Seoul, Republic of Korea, 2Chonbuk National University, 
Jeonju, Jeollabuk-do, Republic of Korea.

Two experiments were conducted to evaluate the effect of dietary energy, 
protein and additives on the performance, blood and bone properties 
of ducks. In Expt 1, 600 d-old ducklings (56.54 ± 0.49 g) were divided 
into 3 × 2 factorial arrangements (4 replicate pens/treatment; 25 ducks/

pen) and were assigned to the diet containing (1–21 d, 2900, 2950 and 
3000 kcal of ME/kg and 22–42 d, 3000, 3050 and 3100 kcal of ME/kg) 
and CP (1–21 d, 21 and 22% and 22–42 d, 18 and 19%) respectively. In 
Expt 2, 4 dietary treatments with 6 replicates were assigned as 1) 2900 
kcal of ME/kg, 2) 2850 kcal of ME/kg, 3) 2850 kcal of ME/kg+0.02% 
biostrong (BS) and 4) 2850 kcal of ME/kg + 0.1% insulin-like growth 
factor (IGF) respectively. Ducks had ad libitum access to commercial 
pellet and water. In both experiments, 10 samples (blood and tibia) per 
treatment were collected and blood properties and bone mineral density 
(BMD) were analyzed by using Konelab 20 and bone densitometer. In 
Expt 1, dietary interaction of 2900 kcal/kg ME and 22% CP containing 
diet did increase weight gain at first 21d. During the 22–42 d, weight 
gain was increased in 3000 kcal/kg ME and 18% CP containing diet 
(P < 0.05). Variation of energy and protein did not influence the blood 
albumin, glucose, total cholesterol, TG, HDL, AST, ALT and BMD of 
ducks. Growth performance was increased by the inoculation of IGF 
in the diet (P < 0.05) in Expt 2, but have no differences between IGF 
and BS treatments. Though the feed intake was not influenced by the 
supplementation of additives in the diet but numerically improve the 
FCR. Adding of feed additives (BS and IGF) into the basal diets were 
increased total protein content (P < 0.05) in blood. However, either the 
variation of energy or the inoculation of additives into the basal diets 
had similar blood properties or BMD of ducks. As a result, 2900 kcal/
kg ME and 21% CP for the starting period and 3000 kcal/kg ME and 
18% CP for the finishing period would enhance ducks performance and 
similar blood and BMD of ducks. Finally, the supplementation of IGF 
into the diet increased growth performance of ducks.

Key Words: energy, protein, performance, blood, BMD

P350   Effects of organic acid salts on performance and feed 
efficiency of male broiler chicks. M. Lohölter*1, K. Eder2, E. Holl1, 
and B. Eckel1, 1Dr. Eckel GmbH, Niederzissen, Germany, 2Institute 
of Animal Nutrition and Nutrition Physiology, Giessen University, 
Germany.

Feed costs are crucial factors in determining the economic success of 
broiler production and can account for more than 60% of the total costs. 
Recently, considerable elevations in raw material prices increased the 
necessity to further improve the efficiency of broiler feed. Poultry per-
formance and feed utilization are closely related to the microbial load 
of both feed and digestive tract. Salts of organic acids such as formic, 
lactic and acetic acid can decrease both intestinal pH and the growth of 
pathogenic bacteria intolerant to changes in pH. Therefore the objective 
of the present study was to investigate the potential of a specific blend 
of organic acid salts in improving feed efficiency and performance of 
growing male chicks. In total 180 male day-old chicks (Ross) were 
randomly allocated to a control and a treatment group, respectively. In 
a 42 d experiment, the animals were fed a basal starter (d 0 to 20) and 
finisher diet (d 21 to 42) based on wheat, corn and soybean meal. Both 
feed and water were provided for ad libitum intake. The treatment group 
received the basal diets supplemented with 8 g/kg (Starter) and 4 g/kg 
(Finisher) of a specific blend composed of formic, lactic and acetic acid 
salts (CaPlus FLA, Dr. Eckel GmbH, Niederzissen, Germany). Statistical 
analyses were performed using the GLM statement of SAS. Mean daily 
weight gain did not consistently differ between the 2 feeding groups (P > 
0.05) indicating a comparable growth performance. In comparison to the 
control, the feed conversion ratio was significantly reduced by 3.5% in 
the group supplemented with CaPlus FLA suggesting an improved feed 
efficiency (P < 0.05). In conclusion, the present study demonstrated that 
the supplementation of the investigated specific blend of organic acid 
salts can improve the feed conversion of growing male broiler chicks.
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Key Words: organic acid, salt, feed conversion, performance, broiler

P351   Evaluation of the use of Topmax (ractopamine HCl) 
administered with varying diet lysine levels in finishing tom 
turkeys and light hens for the last 14 days prior to slaughter. J. 
Trites*1, C. Knestrick1, A. Calvert2, and S. Noll2, 1Elanco Animal 
Health, Greenfield, IN, 2University of Minnesota, St. Paul.

Two studies were conducted to determine the clinical effects of 2% 
ractopamine hydrochloride (RAC) Type A Medicated Article on growth 
performance in tom finishing turkeys (810, Nicholas, Large White) 
during 17–19 wk of age and light hens (1980, Nicholas, Large White) 
during 10–12 wk of age. A factorial was used with factors of diet lysine 
(LYS, 5 levels) and RAC (3 levels). For the tom and hen study, the range 
in digestible LYS was 0.69 to 1.05% and 0.87 to 1.22%, respectively. 
Levels of RAC in the tom study were 0, 4.6 and 11.8 g/ton; in the hen 
study, 0, 8.2 and 11.8 g/ton. Each treatment was replicated 6 times. 
Performance and carcass yield was measured. Diets were formulated 
on a digestible amino acid to Lys ratio basis and fed as mash. Statistical 
analyses (SAS, 9.2) included ANOVA, polynomial contrasts, and break-
point regression modeling. In both studies, Lys and RAC significantly 
improved performance and carcass/parts weight; and, the linear contrast 
for RAC and LYS significant (P < 0.05). No interaction was observed. 
In finishing toms, averaged over all LYS treatments, RAC at 11.8 g/
ton improved BW by 1.47%, feed efficiency by 4.6%, yield of thigh 
by 5.7% and yield of drum by 8% over the control. The performance 
response to 4.6 g/ton of RAC was intermediate and not different from 
the control with the exception of drum yield. In light hens, supplemen-
tation with RAC at 8.2 and 11.8 g/ton improved feed efficiency by 7.2 
and 8.8%, BW by 2.4 and 3%, and chilled carcass weight by 2.9 and 
3.1%, respectively, over the control. In toms, the LYS requirement for 
the RAC supplemented diets using feed efficiency as the response was 
not different for the LYS series without RAC (0.90% d-Lys or 1.04% 
Lys). No plateau in response to LYS with RAC supplemented diets was 
determined for BW with RAC as BW continued to increase as LYS 
increased. Supplementation of market turkey diets with RAC improved 
performance and modified the response to dietary lysine depending on 
performance criteria.

Key Words: turkey, ractopamine, lysine

P352   Marjoram as a phytobiotic in broiler diets, effects on 
performance, immunity and slaughter traits. M. Osman1, H. M. 
Yakout*1, H. Motawe2, W. Farouk2, and G. T. Tabler3, 1Alexandria 
University, Egypt, 2Agriculture Research Center, Egypt, 3Mississippi 
State University, Mississippi State.

Due to antibiotic growth promoters ban in poultry feed, alternative 
substances needed to be identified to take their place. The objectives 
of this study were to investigate one natural herb as a potential growth 
promoter and its effects on performance, immune status, and slaugh-
ter traits. Sweet marjoram (M) is one of the world’s popular culinary 
herbs, grown in Egypt (90% of world’s supply) and possessing possible 
antioxidant properties and activities. Ross commercial broilers (n: 120) 
were used to evaluate the efficacy of dietary M at 0, 0.5 or 1.0 g/ kg 
diet, utilizing 4 replicates/ treatment of 10 birds each throughout the 
42-d experimental period. On d 14, 28, and 42, BW, FC, and FCR were 
determined; 4 birds/ treatment were bled and carcasses measured at 42d. 
Proximate analysis of M was 11.30% (CP), 13.37% (fiber), 2.21% (EE) 
and 2767.63 Kcal/ kg (ME). Overall, higher BW, BWG and lower FC 
(P ≤ 0.05) were noted for M levels with best response to the higher 
inclusion. Both M levels had better FCR (P ≤ 0.05; 1.58, 1.60 and 1.89 

g feed/g gain for 1, 0.5 and control, respectively). Similar results were 
noted for performance index and protein efficiency ratio (P ≤ 0.05). 
Relative lymphoid organs weights were higher for both M groups (P ≤ 
0.05), while spleen and gizzard relative weights were similar to control. 
RBCs count was higher by 17.5 (1M) and 16.9% (0.5M) as compared 
with control group, while lymphocytes were higher for the lower M 
inclusion and similar to control (P ≥ 0.05). Heterophil:lymphocytes 
ratio and serum albumin significantly increased at higher M and both M 
inclusions resulted in better immune status as compared with the control 
(P ≤ 0.05). Dietary M inclusion in broiler diets would improve perfor-
mance, slaughter traits and boost immune system as well. Higher M (1 
g/ kg) might be acceptable for achieving optimum broiler performance.

Key Words: broiler, marjoram, phytogenic, performance, immunity

P353   A study on potential effects of aloe vera and Echinacea 
purpurea on humoral and cellular immune system in broilers: 
a comparison to vitamin E. B. Darabighane*1, A. Mahdavi2, S. 
Nahashon3, A. Moslehi4, and F. Alemi2, 1Islamic Azad University, 
Department of Animal Science, Karaj Branch, Karaj, Iran, 2Semnan 
University, Faculty of Veterinary Medicine and Animal Husbandry, 
Semnan, Iran, 3Tennessee State University, Department of Agricul-
tural Sciences, Nashville, 4Islamic Azad University, Department of 
Animal Science, Science and Research Branch, Tehran, Iran.

Reinforcing immune system in poultry plays an important role in 
improving performance, longevity, and health of flocks. There has been 
a recent increase in use of immune system stimulators such as herbs. 
The present study attempts to identify and compare potential impacts 
of herbs (aloe vera and Echinacea purpurea) to those of vitamin E in 
stimulating immune systems in broilers. In this experiment, 192 one-day-
old male chickens from Ross 308 were randomly assigned to 4 groups, 
each containing 12 broilers with 4 replicates. The groups included 
the control group (no additive to feed), a group with 1% aloe vera gel 
(added to drinking water), 0.1% aqueous Echinacea purpurea (added 
to drinking water), and 0.02% vitamin E (added to feed). To examine 
humoral immune system on d 15, the broilers were vaccinated against 
Newcastle virus (Lasota) through drinking water, and 10 and 20 d later, 
2 males broilers were selected from each replicate for taking blood 
sample. To determine cellular immunity on d 38, 2 male broilers were 
selected from each replicate and phytohemagglutinin-P (PHA-P) was 
injected into interdigital space between their third and fourth toes. The 
results indicated that antibody titer against Newcastle virus significantly 
increased on d 25 and 35 in herb-treated groups (aloe vera and Echinacea 
purpurea) and the vitamin E group compared with the control group. 
Although no significant difference was observed on d 25 in antibody 
titer for the group treated with vitamin E and the herb-treated groups, 
however, on d 35, a significant increase in antibody titer in the Echinacea 
purpurea group was observed, compared with the vitamin E and the 
aloe vera groups. The greatest response to PHA-P injection was found 
in the groups treated with herbs, showing a significant difference from 
the control and vitamin E groups. However, no significant difference 
was found between the herb groups. Our findings indicate that aloe vera 
and Echinacea purpurea, as natural additives, can improve humoral and 
cellular response of immune system.

Key Words: aloe vera, Echinacea purpurea, immune system, broiler

P354   Effect of dietary bacteriophage on growth performance 
and cecal microflora in broiler chickens raised in different housing 
systems. D. Y. Kil*1, J. H. Kim1, J. W. Kim1, K.-H. Kim1, G. S. Bae1, 
M. B. Chang1, and J. H. Lee2, 1Chung-Ang University, Anseong-si, 
Korea, 2CTCBIO Inc., Seoul, Korea.
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Dietary bacteriophage (BP) has gained increasing attention as an alterna-
tive to in-feed antibiotics for animals, but the data for broiler chickens 
are limited. The objective of this experiment was to investigate the effect 
of dietary BP on growth performance and cecal microflora in broiler 
chickens raised in different housing systems. A total of 1,170 one-day-
old broiler chickens were housed in either battery cages (120 birds) or 
conventional floor pens (1,050 birds). Within each housing system, birds 
were randomly allotted to 1 of 3 dietary treatments with 5 replicates. 
Dietary treatments included basal diets (NC), basal diets with 0.025% 
avilamycin (PC), and basal diets with 0.05% BP (BP; CTCBIO Inc., 
Seoul, Korea). Diets were fed to birds for 35 d. The effects of housing 
systems, diets, and their interactions were analyzed, but no interac-
tions for all measurements were observed. Thus, the main effects were 
only presented. During 35 d of the experiment, birds raised in cages 
had greater (P < 0.01) body weight gain and feed efficiency than those 
raised in floor pens. Body weight gain was greater (P < 0.01) for PC 
group than for NC group, but body weight gain for BP group was not 
different from other 2 groups. Feed efficiency was greater (P < 0.05) 
for PC and BP groups than for NC group, but there was no difference 
between PC group and BP group. For cecal microflora, birds raised in 
cages tended to have greater (P < 0.10) Lactobacillus spp. counts but 
less (P < 0.05) Clostridium perfringens counts than those raised in floor 
pens. The BP group had less (P < 0.05) Clostridium perfringens counts 
than NC group, but Clostridium perfringens counts for PC group did not 
differ from other 2 groups. In conclusion, dietary BP may have positive 
effects on feed efficiency and intestinal microflora in broiler chickens 
and its beneficial effects are likely independent of housing systems.

Key Words: bacteriophage, broiler chicken, cecal microflora, growth 
performance, housing system

P355   Antimicrobial potential of phytogenics against Salmonella 
enterica ssp. enterica and Campylobacter coli. C. Schauerhuber*, S. 
Hessenberger, K. Teichmann, and G. Schatzmayr, Biomin Research 
Center, Tulln, Austria.

Salmonella spp. are known as widespread zoonotic bacteria and are 
estimated to cause more than 1.2 million illnesses in humans each year 
in the United States. The consumption of contaminated meat is one major 
reason. Salmonella spp. infections in animals are counteracted using 
antibiotics either therapeutically or prophylactically. As an alternative, 
plant derived substances (phytogenics) are promising to prevent Salmo-
nella spp. colonization in pigs and poultry. To evaluate the antimicrobial 
potential of phytogenics, their activity against Salmonella enterica ssp. 
enterica and Campylobacter coli, another emerging zoonotic bacterium 
causing foodborne illness, was tested by a turbidimetric microdilution 
method. Bacterial cultures with defined microbial count were incubated 
together with different concentrations of phytogenics. The change in 
optical density of the bacterial culture allowed quantification of bacte-
rial growth and inhibition, indicated as the IC50 value. The lowest IC50 
against S. enterica was reached by sanguinarine (122.3 ± 37.1 mg/L) 
followed by an oleoresin of Curcuma longa (281.3 ± 36.5 mg/L). In 
comparison, C. coli was significantly more susceptible to these sub-
stances (IC50 19.5 ± 10.2 mg/L, P = 0.001 and 87.7 ± 9.6 mg/L, P = 
0.000, respectively). Totarol showed the highest specific antibacterial 
activity against C. coli with an IC50 of 94.5 ± 56.6 mg/L, compared with 
significantly weak activity against S. enterica (1063.8 ± 47.9 mg/L, P = 
0.000). Thymol and oleoresins of Piper nigrum and Capsicum annum 
showed potential to inhibit S. enterica with an IC50 of 426.5 ± 55.7 
mg/L, 353.5 ± 29.2 mg/L and 451.8 ± 38.8 mg/L, respectively. In sum-
mary, several tested phytogenics showed antibacterial activity against 
S. enterica whereas C. coli was even more susceptible. Consequently, 

these phytogenics could be used to prevent colonization by pathogenic 
bacteria in pigs and poultry and help to decrease the number of related 
foodborne illnesses caused by S. enterica and C. coli.

Key Words: antibacterial activity, foodborne illness, microdilution 
method, inhibitory concentration, phytogenics

P356   Performance of broilers chickens supplemented with 
probiotic and subjected to antibiotic therapy. R. Pereira*, J. F. M. 
Menten, C. Bortoluzzi, G. S. Napty, and N. S. Fagundes, University of 
São Paulo “Luiz de Queiroz” College of Agriculture, Piracicaba, São 
Paulo, Brazil.

Antibiotic therapy is known to disrupt the balance of the intestinal 
microbiota in humans and animals, allowing the growth of microor-
ganisms that induce diarrhea. This effect may decrease the expression 
of the genetic potential of chickens. The objective of this study was to 
evaluate the effects of inclusion of a probiotic (Bacillus subtilis) in the 
diet of broilers subjected antibiotic therapy on performance. The birds 
were allocated in a completely randomized experimental design with 4 
treatments and 9 replicates from 1 to 42 d of age. The treatments were: a) 
Basal diet without probiotic (BD); b) BD + probiotic; c) BD + antibiotic 
therapy and d) BD + probiotic + antibiotic therapy. The probiotic was 
provided in the feed during the entire experimental period in concentra-
tion of 3 × 109 cfu/kg. The antibiotic therapy consisted of 200 ppm of 
bacitracin methylene disalicylate (for gram-positive bacteria) and 1,000 
ppm of neomycin sulfate (for gram-negative bacteria) in the drinking 
water on d 21, 22 and 23. In the period from 1 to 21 d (before antibiotic 
therapy), weight gain was higher in birds supplemented with probiotic 
in comparison to those without supplementation (1.002 kg vs. 0.990 
kg). The chickens in treatments DB and DB + antibiotic therapy had the 
lowest weight gain at 35 d (2.235 and 2.246 kg, respectively), dietary 
probiotic in chickens on antibiotic therapy resulted in slight improvement 
(2.293 kg) and those receiving DB + probiotic had the greatest weight 
gain (2.332 kg). At 42 d, there were no differences among treatments 
in performance (weight gain 2.973 kg, feed/gain 1.63 in average). The 
probiotic used improved the performance of the birds until 35 d, but not 
until 42 d of age. When the chickens were medicated, the performance of 
the birds fed the BD was not reduced at 35 d and the response obtained 
with probiotic was intermediate.

Key Words: probiotic, antibiotic, bacteria, performance, broiler chicken

P357   Evaluation of the efficacy of Myco-Ad in preventing afla-
toxin toxicity in ducklings. C. A. Mallmann1, L. Giacomini1, and D. 
Zaviezo*2, 1Universidade Federal de Santa Maria, Santa Maria, RS, 
Brazil, 2Special Nutrients, Miami, FL.

The dietary use of 2.5 kg of Myco-Ad per metric ton of feed has been 
proven to effectively prevent the toxic effects of aflatoxin B1 (AFB), 
ochratoxin, T-2 toxin, and fumonisins in broilers. Ducks are very sen-
sitive to AFB; therefore an experiment was conducted at SAMITEC 
Institute, Santa Maria, Brazil to evaluate the efficacy of Myco-Ad in 
preventing the deleterious effects of AFB in ducklings. One hundred 
sixty 8-d-old male ducks were placed on floor pens randomly distributed 
into 4 treatments with 6 replications each and fed a basal corn-soy diet 
containing or exceeding NRC recommendations. All ingredients used 
were tested free of mycotoxins contamination. Treatments were: 1 basal 
diet no AFB; 2 basal + 250 ppb AFB; 3 basal + 0.5% Myco-Ad; and 4 
basal + 250 ppb AFB + 0.5% Myco-Ad. AFB was obtained from a culture 
of Aspergillus parasiticus containing 93.8% AFB; 2.1% Aflatoxin B2; 
3.4% Aflatoxin G1; and 0.7% Aflatoxin G2 produced in the Laboratorio 
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Analises Micotoxicologicas (UFSM). Feed and water were provided 
ad libitum. Body weight and feed intake per replicate were measured 
weekly. Serum total protein and liver condition index (weight x color) 
were evaluated at the end of the experiment. All data were submitted to 
ANOVA and differences between means compared by Bonferroni test 
(P ≤ 0.05). Results at 21 d of age indicated that ducks fed 250 ppb AFB 
contaminated diet presented significant lower feed intake (17%), smaller 
body weight (33%), poorer feed conversion (19%), lower plasma protein 
levels (36%) and deterioration of liver condition (14%) than ducks fed 
the control diet. The addition of Myco-Ad significantly improved the 
feed intake (14%), body weight (26%), feed efficiency (14%), plasma 
proteins (27%), and liver condition (11%) observed in ducks fed the AFB 
contaminated diet. These results indicated that Myco-Ad was effective 
in preventing the toxic effects of AFB in ducklings.

Key Words: Myco-Ad, aflatoxin, duck

P358   Effects of Biostrong 510 on performance and amino acid 
digestibility in laying hens. P. Utterback*1, H. Spangler1, C. Parr1, 
M. Aardsma1, J. Pugh1, D. Hilgendorf1, C. Utterback1, L. Jungbauer2, 
and C. Parsons1, 1University of Illinois, Urbana, 2Delacon Biotechnik 
GmbH, Steyregg, Austria.

A laying hen trial was conducted to determine the effect of Biostrong 
510 on laying hen apparent ileal amino acid digestibility, total tract 
metabolizable energy, total-tract Ca digestibility, and total-tract P digest-
ibility when added to a corn-soybean meal layer diet. Two hundred 24 
Hyline-Brown laying hens (59 weeks of age) were weighed and allotted 
to 2 dietary treatments. Each treatment had 16 replicates of 7 hens per 
cage. Hens were housed in battery cages with raised wire floors. Dietary 
treatments were a control diet (Trt 1) which was calculated to contain 
17.95% CP, 2814 kcal/kg ME, 4.0% Ca, and 0.32% available P. The 
second treatment was Biostrong 510 added at a dosage of 150 ppm. The 
2 diets were fed for 4 weeks from 59 – 62 weeks of age. Digestibility 
values for all amino acids were numerically increased (generally 3–4 
percentage units) by Biostrong 510, with differences being significant 
for 5 amino acids at P < 0.05 and for 16 amino acids at P < 0.09. There 
were no significant differences between treatments detected for ME, 
total tract Ca or total-tract P digestibility. Production performance was 
not significantly enhanced by the addition of Biostrong 510. These 
parameters included hen weight, hen-day egg production, feed intake, 
average egg weight, feed efficiency, and mortality. This study showed 
that Biostrong 510 improved the digestibility of most amino acids in a 
corn-soybean meal diet fed to laying hens.

Key Words: Biostrong 510, digestibility, amino acid, laying hen

P359   Performance of laying hens in post-peak production 
with chromium supplementation . D. R. S. Sartori*1, E. V. Siloto1, 
L. P. Centenaro2, J. R. Sartori2, V. B. Fascina2, T. C. Putarov2, and 
C. C. Miranda2, 1Biosciences Institute, UNESP, Botucatu, SP, Brazil, 
2School of Veterinary Medicine and Animal Science, UNESP, Botu-
catu, SP, Brazil.

The supplementation of organic chromium in animal diets has been of 
interest due to its stimulatory effect on performance, growth rate and 
metabolic rate. Chromium in the trivalent state stimulates the activity 
of insulin, a hormone that regulates the metabolism of carbohydrates, 
lipids and proteins. This mineral enters into the composition of the glu-
cose tolerance factor (GTF) and improves the sensitivity of cells to the 
action of insulin. This experiment was conducted to evaluate the effect 
of chromium supplementation in the 2 energy levels on performance of 

laying hens in post-peak production. One hundred ninety-two 47-wk-
old Bovans layers were used in a 4 × 2 factorial, arranged in a fully 
randomized design with 8 treatments, 6 replicates and 4 birds per cage, 
in four 28-d cycles. The treatments consisted of 4 levels of chromium 
supplementation (0, 0.2, 0.4 and 0.8 ppm) and 2 metabolizable energy 
levels (2780 and 2900 kcal). The performance characteristics evaluated 
were: feed consumption, egg weight, egg production, percentage of 
intact eggs, egg mass, feed conversion (kg feed/egg dozen and kg feed/
kg eggs). In the present study the energy levels used and the levels of 
chromium added to feed in the post-peak production had no effect (P > 
0.05) on any of the performance characteristics analyzed.

Key Words: chromium, energy, laying hen, performance, post-peak 
production

P360   Differential gene expression of heat shock proteins in the 
ileum and liver of broilers on mannan oligosaccharide (Actigen) 
supplemented diets. S. J. Nolin*, C. M. Ashwell, and F. W. Edens, 
North Carolina State University, Raleigh.

Heat shock proteins (hsp), ubiquitous within animal and microbial cells; 
serve to assist in protein folding and transport during and following 
translation. Expression of hsp genes is most pronounced during heat 
and other cellular stressors, but constitutive expression is also observed. 
The experimental objective was to characterize changes in hsp gene 
expression associated with dietary supplementation of the mannan oli-
gosaccharide, Actigen (Alltech, Nicholasville, KY). Starter, grower and 
finisher control diets (C) were prepared along with identical experimental 
diets (A) containing Actigen at 800, 400, or 200 g/ton respectively. 
Day old broiler chicks, managed in floor pens, were fed either diets A 
or C for the entire experiment or on a time course/diet swap, wherein 
they were fed diets A or C for either the first 5 or 15 d followed by the 
opposite diet for the duration of the 42 d experiment. On d 42 birds 
were euthanized and ileum and liver samples were collected for RNA 
isolation followed by gene expression analysis by real time RT PCR. 
Significant differences in expression of hsp60, hsp70, and hsp90aa were 
observed between treatments in both the ileum and more surprisingly 
the liver. Actigen is a prebiotic used to promote general gut health and 
is not believed to be absorbed from the GI tract and was not expected 
to elicit molecular changes outside the gut. Gene expression differences 
observed in the liver suggested a possible signal cascade, likely initi-
ated in response to Actigen by gut microbiota-produced metabolites, 
which are able to pass from the intestine into systemic circulation. The 
results of this experiment suggest a need to further examine the effects 
on systemic and localized differential gene expression associated with 
prebiotic supplementation.

Key Words: heat shock protein, gene expression, Actigen, gut health, 
real time PCR

P361   Effects of zinc oxide on broiler health during a coccidiosis 
challenge. R. A. Kurzbard* and K. C. Klasing, University of Califor-
nia, Davis.

Coccidiosis is a ubiquitous disease in poultry, causing decreases in 
growth and nutrient absorption. Much of the inflammation and sub-
sequent decline in growth due to coccidiosis is caused by secondary 
onslaught of bacteria, which has historically been mitigated by feeding 
antibiotics. Alternatives strategies to routine feeding of antibiotics are 
needed. Certain minerals, particularly zinc, have been shown to possess 
antimicrobial properties that may inhibit bacterial overgrowth in the gut. 
Currently, high levels of zinc oxide are added to swine feed for growth 
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promotion; yet zinc is rarely supplemented at high levels in the poultry 
industry. This experiment investigated the effects of supplemental zinc 
oxide on broiler growth and health during a coccidiosis challenge. A 
total of 228 day-old broilers were randomized into 7 treatment groups, 
with 8 pens per treatment and 4 birds per pen (n = 8). Five of the groups 
received a basal corn and soy based diet with increasing concentrations 
of zinc oxide from 1000 ppm to 2000 ppm in 250 ppm intervals. The 
2 other groups, negative and positive controls, were fed the basal diet 
only. Pen weight gain and feed intake were measured every 4 d. At 8 
d of age, 40x the individual dose of Advent (Advent cocci-vaccine; 
Viridus Animal Health LLC – Novus International Inc., St. Louis, MO) 
was administered through the feed to all treatment groups except the 
negative control group. At 14 d of age, birds were culled and intestinal 
contents were removed. Birds supplemented with 1250 ppm zinc oxide 
had significantly greater weight gain (P < 0.001), feed intake (P < 0.001) 
and pre-infection feed efficiency (P = 0.0013) than positive control birds. 
These results indicate that plethoric levels of zinc oxide may improve 
performance of broilers.

Key Words: zinc oxide, coccidiosis, broiler

P362   Effects of different levels of aloe vera gel on perfor-
mance and humoral immune response in broilers. A. Mahdavi*1, 
G. A. Jelodar2, M. Saberi1, B. Darabighane3, J. Sajedian Fard2, and 
S. Nazifi2, 1Semnan University, Semnan, Semnan, Iran, 2Shiraz Uni-
versity, Shiraz, Fars, Iran, 3Islamic Azad University, Karaj Branch, 
Karaj, Alborz, Iran.

As the application of antibiotics as growth promoters in poultry feeds 
was banned, new studies are increasingly emerging to examine alterna-
tives for growth promoting antibiotics. One such alternative which has 
gained researchers’ attention is herbs. This study attempts to examine 
effects of aloe vera gel on growth performance of broilers in compari-
son to virginiamycin. Two hundred forty 1-d-old Ross chickens were 
used in a completely randomized design with 5 groups and 4 replicates, 
each containing 12 chickens. The groups include the control group (no 
additive), the group treated with virginiamycin at 10 ppm, and 3 groups 
treated with 1, 2, and 3% aloe vera gel (AVG). Average weight gain 
(WG), feed intake (FI), and feed conversion ratio (FCR) were evaluated 
on the d 42. To assess humoral immunity, 2 chickens were selected from 
each replicate, and on d 18 and 28 1 mL of sheep red blood cell (SRBC) 
was injected to their breast muscles, and 10 d after the first injection and 
14 d after the second injection, antibody titer were evaluated. The results 
indicated that among the 3 AVG groups, average WG and FI were the 
highest for the 1% AVG group, showing a significant difference from 
the groups treated with 2% and 3% AVG, although the 1% AVG group 
had no significant difference from the control and antibiotic groups in 
terms of average WG and FI. In addition, the lowest FCR on d 42 was 
observed in the antibiotic group and the group treated with 1% AVG. 
Evaluation of antibody titer against SRBC indicated no significant dif-
ference between the groups on d 28, while on d 42, the groups treated 
with AVG showed significant increase in antibody titer against SRBC 
compared with the control group and the highest antibody titer against 
SRBC observed in the group that received 1% AVG showing a significant 
difference from the control group and the group that received antibiotic. 
The findings suggest that although the 1% AVG group was not signifi-
cantly different from the control and antibiotic group in terms of growth 
performance, the groups treated with AVG, particularly the group that 
received 1% AVG, showed improved humoral immunity performance 
compared with the control group.

Key Words: aloe vera, performance, immunity, broiler

P363   Effects of a phytogenic feed additive on performance in 
broilers fed a corn - soybean meal - wheat based diet. L. Jungbauer* 
and K. R. Wendler, Delacon Biotechnik GmbH, Steyregg, Austria.

A trial with 1024 male Ross 308 broilers was carried out to evaluate the 
effects of the phytogenic feed additive Biostrong 510 on performance 
and profitability in broilers. Birds were randomly allotted to 2 dietary 
treatments with 16 replicates and 32 broilers per replicate. Birds were 
fed a corn-soybean meal based diet with additional inclusion of 15% 
wheat in all 3 feeding phases, either with or without supplementation of 
150 ppm Biostrong 510. Dietary energy and digestible amino acid levels 
met animals requirements. Feed and water were available ad libitum. 
Data derived from the experiment were analyzed by statistical package 
SAS (SAS 1988). Means were compared by the usual test procedures 
(Tukey test) and significance level was set at P ≤ 0.05. On d 35 birds 
of the control group had a body weight of 2,204 ± 62 g. The addition 
of Biostrong 510 significantly improved (P = 0.011) body weight by 
3.2% (+70 g). Feed conversion in birds fed the phytogenic feed additive 
was 1.61 ± 0.02 g feed per g gain and tended to be improved by 1.5% 
(P = 0.068) compared with the control. Daily feed intake was slightly 
enhanced by 1.8% by the addition of Biostrong 510 (P = 0.241). At the 
end of the experimental period the European Efficiency Factor (EEF) 
was calculated, based on the age of broilers at sacrifices (days), average 
live weight (kg/bird), viability (%) and feed conversion index - FCR (kg 
feed/kg gain). Birds fed Biostrong 510 had a significantly (P = 0.04) 
higher (+15 points) higher EEF compared with the control birds. It can 
be concluded, that the addition of Biostrong 510 improves performance 
and thereby improves profitability of broiler production.

Key Words: Biostrong, phytogenic, performance, profitability, broiler

P364   The potential enhancing effects of dried powder of sumac 
(Rhus coriaria) fruit and extra dose of vitamin E on performance 
and antioxidant status in broiler chicks. S. Feizi1, A. Karimi*1, G. 
A. Sadeghi1, and T. Javadi2, 1Animal Science Department, University 
of Kurdistan, Sanandaj, Kurdistan, Iran, 2Horticulture Department, 
University of Kurdistan, Sanandaj, Kurdistan, Iran.

A total of 504 one-day old male broiler chicks (Cobb 500) were used to 
evaluate the potential of dried powder of sumac fruit in enhancing broiler 
chicks’ performance and antioxidant status under heat stress conditions 
(32 ± 2°C for 8 h during 14 to 42 d of ages). Nine treatments included: 
basal diet with no supplements as control, diets containing 100, 150, 
200, and 250 ppm of vitamin E, diets containing 1 and 2 percent of dried 
powder of sumac fruit from 2 geographical location of Kurdistan, Iran. 
Each treatment replicated 4 times (14 chicks per replicate). Data were 
analyzed as a completely randomized design and means were compared 
by Duncan’s multiple range and orthogonal analysis. Treatments had 
no significant effects (P > 0.05) on body weight (BW), feed conver-
sion ratio (FCR), mortality rate and feed intake; however, birds fed diet 
contained 2 vs. 1 percent of sumac had (P < 0.05) higher FCR and lower 
BW at 42 d of age. Vitamin E or sumac had no significant influence (P 
> 0.05) on carcass and serum parameters vs. control; however, birds 
fed sumac had (P < 0.05) lower hematocrit (%) and blood hemoglobin 
compared with birds fed control or 100 ppm vitamin E supplemented 
diet. Birds fed sumac had significantly higher erythrocyte glutathione 
peroxidase activity. In addition, birds fed diet contained sumac vs. 150 
and 250 ppm of vitamin E had significantly (P < 0.05) higher superox-
ide dismutase activity of erythrocytes. Treatments had no effects (P > 
0.05) on catalase activity of erythrocytes. Vitamin E significantly (P < 
0.05) lowered serum malondialdehyde (MDA) level, but not antioxidant 
enzymes or serum total antioxidant capacity (TAC). Sumac supplemen-
tation significantly enhanced serum TAC and decreased serum MDA. 
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In conclusion, findings indicate that extra dose of vitamin E or sumac 
supplementation under heat stress condition has a potential to improved 
birds’ antioxidant status, without influencing performance.

Key Words: broiler, sumac, vitamin E, performance, antioxidant

P365   Effect of Primalac supplementation to the feed or water of 
broilers. A. Abudabos*, Department of Animal Production, College of 
Food and Agricultural Sciences, King Saud University, Riyadh, Saudi 
Arabia.

The effects of supplementing feed or drinking water with probiotic 
(primalac) or feed antibiotic (enramycin) on growth parameters, gut 
health and control pathogen colonization of broilers under Clostridium 
perfringens challenge was investigated. Primalac, is commercially 
available and contains primarily Lactobacillus acidophilus, Lactoba-
cillus casei, Bifidobacterium thermophilum and Enterococcus faecium. 
One hundred fifty, 0-d-old male Ross 308 broilers were allocated in 5 
experimental treatments for 30 d. The experimental treatments received a 
corn-soybean basal diet and were as follows: positive control (+CONT): 
with no additions; negative control (−CONT); antibiotic (ENRA) with 
addition of Enramycin; primalac in feed (PF); and primalac in water 
(PW). Chicks in treatment 2 to 5 were challenged with C. perfringens. 
Overall, feed conversion ratio (FCR) in treatment PF was significantly 
better (P < 0.05) than the +CONT and −CONT treatments, whereas 
treatments PRIM and PW were intermediate and not different from PF. 
Feed intake (FI) and body weight gain (BWG) were not influenced by 
treatment. Birds which had received PF had longer and wider duodenal 
and jejunal villi than did +CONT, −CONT, or ENRA. The changes in C. 
perfringens count appear in parallel to observed changes in villi height 
and width in the small intestine. The results from this study indicated 
that primalac could act as a replacement for antimicrobial growth pro-
moters in broilers.

Key Words: Lactobacillus-based probiotic, antibiotic, broiler, perfor-
mance, intestinal mucosa morphometrics

P366   Effects of dietary L-carnitine and lysine on growth per-
formance, muscle development, and meat quality of male broil-
ers. Y. Wang, H. Yan*, H. Cai, G. Liu, and S. Zhang, Feed Research 
Institute of Chinese Academy of Agricultural Sciences, Beijing, China.

This study was designed to investigate how different levels of L-car-
nitine, lysine and their combinations related to growth performance, 
muscle development and meat quality of male broilers. In total, 504 
one-day-old male Arbor Acres birds were randomly assigned into 6 
treatments with 6 replicates (pens) for each treatment and 14 birds per 
replicate. Three lysine levels (low, medium, and high) and 2 L-carnitine 
levels (0 mg/kg and 100 mg/kg) were used in the study. At 0–21 day 
lysine levels were 0.85, 1.15, and 1.45%, and 0.75, 1.05, and 1.35% at 
22–42 day. Feed and water were fed ad libitum. Body weight and feed 
consumption were measured weekly and carcass characteristics and meat 
quality were evaluated at the end of experiment. Main effect analysis 
showed that L-carnitine had no effects on AFI, ADG and FCR (P > 0.01), 
but showed different effects on different muscle development and meat 
quality. L-carnitine (100mg/kg) increased thigh muscle percentage (P 
< 0.05) and improved water holding capacity (P < 0.01) of both breast 
and thigh muscle. In addition to growth performance, dietary lysine 
also showed different effects on different muscle development, thigh 
muscle percentage was increased by lower level of dietary lysine while 
breast muscle percentage was increased as dietary lysine level increased 
(P < 0.01). L-carnitine+low level lysine group had better growth per-

formance (P < 0.05) than low level lysine only at 8–21d and 22–42d 
of age. L-carnitine+low level lysine group also had lower (P < 0.05) 
abdominal fat percentage and higher (P < 0.05) thigh muscle percentage. 
It was concluded that dietary supplement of L-carnitine showed effects 
on different muscle development, especially when dietary lysine level 
was low. More thigh meat, which is preferred by Chinese consumers, 
can be obtained by dietary modification.

Key Words: L-carninine, lysine, muscle development, broiler

P367   Effects of in ovo feeding of β-hydroxy-β-methyl-butyrate 
on growth performance and carcass composition in male broiler 
chickens. H. J. Zhang*, J. Wang, S. G. Wu, H. Y. Yue, and G. H. Qi, 
Key Laboratory of Feed Biotechnology of Ministry of Agriculture, 
Feed Research Institute, Chinese Academy of Agricultural Sciences, 
Beijing, China.

This experiment was conducted to investigate the effects of in ovo 
feeding (IOF) of β-hydroxy-β-methylbutyrate (HMB) on growth per-
formance and carcass composition in broiler chickens. Two hundred 
sixty fertile eggs from Arbor Acre breeder, 36 wk in lay, were allotted 
into 2 treatments by feeding embryos at 17.5 d of incubation with 1 mL 
saline solution in the presence or absence of 0.1% HMB. Forty-eight 
male hatchlings were selected from each treatment after hatch and 
placed in 6 cages with 8 birds each. All the birds were fed the same 
feed throughout the 6 wk. Results showed that IOF of HMB resulted 
in 1.2 g (P < 0.05), 41.8 g (P < 0.10) and 85.4 g (P > 0.10) more body 
weight at hatch, 21 and 42 d of age compared with the control. Chicks 
in IOF of HMB group had superior (P < 0.05) and comparably superior 
(P < 0.10) feed efficiency during the starter period (0~21 d) and grower 
period (21~42 d). The IOF of HMB treatment had 2.4% more breast 
muscle (P < 0.05) and 6.4% more leg muscle (P < 0.05) at 21 d of age, 
and unnoticeable increase of more breast and leg muscle by 0.8% and 
0.7% at 42 d of age than the control. Dressing percentage, abdominal 
fat, relative liver size and immune organs indexes were not affected by 
IOF at 21 or 42 d of age. The results indicated that IOF of HMB may 
promote the growth and muscle deposition in the starter phase, and 
the effect was attenuated in the grower phase in male broiler chickens.

Key Words: broiler chicken, in ovo feeding, β-hydroxy-β-
methylbutyrate, muscle

P368   Pyrroloquinoline quinine modulated laying performance, 
egg quality and blood biochemical indexes in experimentally 
induced fatty liver laying hens by high-energy low protein diet. Q. 
Zhao*, S. G. Wu, H. J. Zhang, H. Y. Yue, J. Wang, and G. H. Qi, Key 
Laboratory of Feed Biotechnology of Ministry of Agriculture, Feed 
Research Institute, Chinese Academy of Agricultural Sciences, Bei-
jing, China.

The experiment was conducted to investigate the effects of dietary 
pyrroloquinoline quinine (PQQ) on laying performance, egg quality 
and blood biochemical indexes in laying hens with fatty liver induced 
by high-energy low-protein diet. Two hundred sixteen Hy-line Brown 
laying hens aged 29 weeks were randomly allotted into 3 groups with 
6 replicates of 12 hens. Hens were fed high-energy low-protein diets 
supplemented with 0 (Control), 0.08 or 0.16 mg PQQ/kg. The experiment 
lasted for 6 weeks. Results showed that dietary PQQ partially increased 
egg production rate and feed efficiency compared with control group 
(P < 0.10). Albumen height and Haugh unit were increased in eggs 
produced by layers fed 0.16% PQQ diet especially during 4~6 week of 
the experiment (P < 0.05). Abdominal fat was partially decreased (P < 
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0.10) and liver fat were significantly decreased (P < 0.05) in laying hens 
fed PQQ diets. Serum contents of triglyceride, total cholesterol and low-
density lipoprotein cholesterol were significantly decreased compared 
with the control group (P < 0.05). Activities of aspartate transaminase 
and alanine aminotransferase and content of malondialdehyde in serum 
were decreased markedly in PQQ treatments (P < 0.05). The overall 
results indicated that dietary PQQ may ameliorate serum lipid profiles, 
decreased liver fat content and positively affect laying performance 
and egg quality in experimentally induced fatty liver laying hens fed 
the high-energy low-protein diet.

Key Words: pyrroloquinoline quinine, high-energy low-protein diet, 
fatty liver, blood biochemical index, laying hen

P369   Effect of an Enterococcus faecium-based probiotic on 
T-cell activation and Salmonella Senftenberg control in broilers. 
M. C. Lourenço*, D. Mesa, M. Machuca, P. Westphal, and E. Santin, 
Universidade Federal do Paraná, Curitiba, Brazil.

The control of Salmonella occurrence and spread is essential to ensure 
the safety of chicken products. Biosecurity practices are the most impor-
tant mechanism to prevent Salmonella in broiler flocks, associated with 
other tools like probiotics, aiming to control Salmonella infections by 
competitive exclusion and immune modulation effects. An experiment 
was carried out to evaluate the effect of probiotics on the mucosa immune 
response of broiler challenged orally with 106 cfu/mL of Salmonella 
Senftenberg (SS) at 14 d. Seventy-five one-day-old male broilers (Cobb 
500) were housed from 1 to 35 d in 3 groups: a Negative Control (NC, 
birds not challenged by SS); Positive Control (PC, birds challenged by 
SS); and Probiotic (PRO, birds supplemented with 50 g/ton of Entero-
coccus faecium, Cylactin ME20 plus, DSM Nutritional Products, Basel, 
Switzerland, and challenged by SS). At 7 and 35 d samples from ileum 
and cecum were collected to count goblet cells and mucosal CD4+ and 
CD8+ cells. At 7 d, birds supplemented with PRO showed a significant 
increase (P ≤ 0,05) on CD4+ cells on ileum and CD8+ on cecum, when 
compared with NC (15.7 and 9.1 vs. 4.5 and 4.1, respectively). At 48 
h post-infection, PC and PRO significantly increased (P ≤ 0.05) ileal 
CD4+ (10.0 and 9.8) and ileal CD8+ (19.5 and 11.6) compared with 
NC (7.5 and 8.5, respectively). PC (6.8) and PRO (7.4) also presented 
higher (P ≤ 0.05) number of cecal CD8+ cells compared with PC (3.5). 
At 35 d, the use of PRO significantly increased (P ≤ 0.05) cecal CD8+ 
cells (11.9) compared with NC (7.5) and PC (5.1) treatments. The use 
of PRO also showed a significant reduction (P ≤ 0.05) on the incidence 
of Salmonella 48 h post-infection and 35 d, when compared with PC. 
Enterococcus faecium-based probiotic in broilers challenged by Sal-
monella Senftenberg, allows a significant reduction on the incidence 
of Salmonella contamination and increases the mobilization of T cell 
in the intestinal mucosa.

Key Words: Enterococcus faecium, Salmonella control, gut immunity

P370   Effects of dietary organic minerals, antioxidant supple-
mentation and oxidized oil on production performance of broiler 
chicks. L. M. Macalintal*, T. Ao, A. J. Pescatore, A. H. Cantor, C. E. 
Johnson, M. J. Ford, and K. A. Dawson, Alltech-University of Ken-
tucky Nutrition Research Alliance, Lexington, KY.

Dietary fats and oils are important feed ingredients used to increase 
the caloric density of the diet. Factors such as temperature and length 
of storage may affect the quality of fats and oils added to the diet. A 
study was conducted to investigate the effect of feeding corn-soybean 
meal diets containing fresh or oxidized soybean oil with or without the 

addition of an antioxidant pack (EconomasE and Bioplex minerals, 
Alltech Inc.) on production performance of broiler chicks, using a 2 × 
2 factorial treatment structure. Oxidized soybean oil was prepared by 
convection heat (100°C). A total of 1152 1-d old chicks were randomly 
allotted to the 4 dietary treatments using 12 replicates of 24 chicks per 
pen. Chicks were raised on floor pens for 42 d in an environmentally 
controlled room, and feed and water were provided on an ad libitum 
basis. Body weight and feed consumption were measured weekly. At 21 
and 42 d of age, breast muscle samples were collected for analysis of 
mineral content. No interactive effect between oil source and the anti-
oxidant pack on production performance and mineral content of breast 
meat was found. Dietary oxidized oil increased (P < 0.05) feed intake 
and decreased gain to feed ratio of chicks. Dietary supplementation of 
antioxidant pack increased (P < 0.05) weight gain and gain to feed ratio 
of chicks in both starting and growing periods. The breast meat of chicks 
fed the antioxidant pack had higher (P < 0.01) selenium content than 
that from chicks fed control diet. The results indicate that the addition 
of antioxidant pack to broiler diets can improve performance of broiler 
chicks even when using oxidized oil in the diet.

Key Words: antioxidant, organic mineral, performance, oxidized oil, 
broiler

P371   Chickens fed with diets containing ethanolic extract of 
propolis showing an increasing in the population of Gammapro-
teobacteria in the cecum. C. Eyng, A. A. Pedroso, J. C. Fanhani*, 
and A. E. Murakami, Universidade Estadual de Maringá, Maringá, 
Paraná, Brazil.

Alternative growth promoters havebeen studied in animal science to 
decrease the use of antibiotics in subtherapeutic doses. Propolis, a 
substance produced by beehive is known for its natural antimicrobial 
properties and it can be commercialized as an ethanolic extract. Ethanolic 
extract of propolis (EEP) could suppress undesirable microorganisms 
in the gut. In this study we characterized the cecal microbiota of broiler 
chickens fed with diets containing levels of EEP using fluorescent in 
situ hybridization (FISH) measured by fluorescent activated cell sort-
ing. Fluorescent probes were used against the principal bacterial groups 
in cecal samples collected at 21 d of age. A total of 192 birds, were 
distributed in a completely randomized design with 6 treatments (EEP 
supplement levels of 0, 1000, 2000, 3000, 4000 and 5000 ppm) and 8 
replications and 4 birds per experimental unit. Cecal samples showed 
an increased (P < 0.05) in the percentage of Gammaproteobacteria with 
the inclusion of 1000 ppm of EEP in chicken diets. There was no dif-
ference (P > 0.05) in the percentage of Clostridiaceae, Bacteroidaceae, 
Lactobacillus spp. and Enterobacteriaceae group. The supplementation 
of ethanolic extract of propolis probably caused an imbalance of the 
cecal microbial population of broiler chickens causing an increase in 
the Gammaproteobacteria population.

Key Words: antibacterial activity, cecum, flow cytometry, fluorescence 
in situ hybridization, bacterial population

P372   Effects of bixin addition in the diets of broiler chickens 
on sensory characteristics of meat. F. G. Luiggi1,3, P. C. Araujo1, 
V. C. Pelícia1, C. Sanfelice1, R. Fasanaro1, L. V. C. Girão1, E. S. P. B. 
Saldanha2, N. L. C. Delbem1, C. C. Miranda*1, N. C. Alexandre1, A. 
C. Stradiotti1, V. B. Fascina1, and J. R. Sartori1, 1São Paulo State Uni-
versity, Faculty of Veterinary Medicine and Animal Science, Botucatu, 
Brazil, 2São Paulo’s Agency for Agribusiness Technology - APTA, Mid-
west Regional Pole, Research and Development Unit, Brotas, Brazil, 
3São Paulo Research Foundation - FAPESP, Brazil.
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Bixin is a natural carotenoid found in annatto seeds. It stands out as one of 
the most effective biological suppressors of reactive molecules of singlet 
oxygen and contributes to the protection of cells and tissues against the 
deleterious effects of free radicals, also being an effective inhibitor of lipid 
peroxidation. Within this context, the objective of this research was to 
evaluate the effects of bixin addition in broiler chicken diets and its influ-
ence on the parameters of characteristic aroma and strange aroma found 
in meat. The experimental design was completely randomized, having 6 
treatments and 6 replications with 25 birds, totalizing 900 birds. The treat-
ments contained 0, 0.05, 0.10, 0.15, 0.20, and 0.25% of bixin added to the 
feed. The source of bixin used was oily extract of bixin 7%, added in sub-
stitution to the soybean oil, and the feed was formulated with no synthetic 
antioxidant. Birds were slaughtered at 42 d-old, and the chest of a replica-
tion bird was collected for sensorial analysis. The analysis was performed 
trough a 9-point unstructured scale, having 8 trained and selected testers, 
who evaluated the presence of characteristic aroma and strange aroma 
(rancidity) in chicken meat. The statistical analysis was performed using 
SAS 9.0 Program Software, and no differences were observed between 
treatments in any of the variables evaluated, indicating that the addition of 
bixin in broiler diets does not alter the evaluated sensorial characteristics.

Key Words: feed additive, meat quality, natural antioxidant

P373   Determining an effective dosage of anise oil for broilers. J. 
W. Charal*, T. D. Bidner, T. A. Lavergne, and L. L. Southern, Louisi-
ana State University Agricultural Center, Baton Rouge.

This research was conducted to determine an effective dosage of anise 
oil (AO) for commercial broilers from 0 to 18 d as an antibiotic growth 
promotant replacement. On d 0, 648 Ross 708 male broilers were 
allotted to treatments with 9 replicates of 6 broilers per pen, housed in 
battery cages. Diets contained 1.27% SID Lys. A negative control (NC, 
no antibiotics), a positive control (PC, Salynomicin + Biocox) and 10 
AO levels (500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 
ppm) were used. Feed intake was carefully monitored as well as broilers 
welfare. Adding AO up to 2000 ppm to the diet had no influence in ADG 
or ADFI compared with NC and PC. Further increments above 2000 ppm 
decreased ADG and ADFI on 0–10 d (P < 0.10). However, G:F was not 
affected by treatment (P > 0.10). There were no effects of treatments 
on ADG, ADFI, and G:F on d 10–18 (P > 0.10). Feeding AO over 2000 
ppm reduced overall ADG (P < 0.10), but overall ADFI and G:F were 
not affected by treatment (P > 0.10). Adding more than 3500 ppm of AO 
decreased final body weight (P < 0.10). These results suggest that 2000 
ppm of AO can be added to the diet without negative effects on growth, 
feed intake, or efficiency of broilers, but there were no positive effects.

Key Words: anise oil, dosage, antibiotic, broiler

P374   Programmed nutrition strategy on the productive perfor-
mance and egg quality of laying hens fed distillers dried grains 
with solubles (DDGS) diets. M. van Benschoten*, L. R. Good, A. J. 
Pescatore, A. H. Cantor, T. Ao, R. S. Samuel, M. J. Ford, W. D. King, 
and J. L. Pierce, Alltech-University of Kentucky Nutrition Research 
Alliance, Lexington.

Feed ingredient prices and competition for grains have increased 
interest in the use of high levels of DDGS in poultry diets. This study 
evaluated the effects of including 25 and 35% DDGS in corn-soybean 
meal diets with or without PN Grower Broiler premix (Alltech, Inc.) 
on the productive performance and egg quality of laying hens from 27 
to 50 weeks of production. A total of 288 Hy-Line W-36® hens were 
randomly allocated to 5 dietary treatment groups with 12 birds per 

replicate. At 16 weeks of age, hens were fed the following diets: 1) corn-
soybean meal (positive control), 2) 25% DDGS, 3) 25% DDGS plus 
PN premix, 4) 35% DDGS, and 5) 35% DDGS plus PN premix. Diets 
were formulated to meet NRC recommendations with reduced available 
P (0.29 vs. 0.19%) and Ca (4.2 vs. 4.1%) in DDGS diets. At 27 weeks 
of production, protein levels in the diets were reduced from 18 to 16% 
CP. Six eggs were collected per replicate every 4 weeks for egg quality 
analysis. During wk 34 of production, diets with 35% DDGS reduced 
yolk weight (P = 0.002). However, no significant treatment effects were 
noted on egg weight, Haugh units, percent shell, shell breaking strength, 
and yolk weight parameters averaged over 27 to 50 weeks of production. 
Inclusion of DDGS decreased lightness (L*) values and increased red 
(a*) yolk color values (P < 0.001). Addition of 25% DDGS to the diets 
increased yellow (b*) yolk color values (P = 0.001) when compared 
with the control and 35% DDGS diets. Overall hen day production was 
not affected by dietary treatment. However, feed intake (P = 0.01) and 
feed per dozen eggs (P = 0.02) increased with the addition of dietary 
DDGS from 27 to 50 weeks. At wk 50 of production, inclusion of 35% 
DDGS decreased (P = 0.02) body weight when compared with the 
control and returned to control level with the addition of the PN premix. 
This experiment indicates inclusion of up to 35% DDGS does not have 
a significant negative effect on egg production and egg quality from 
27 to 50 weeks of production, and that addition of PN premix to 35% 
DDGS diets may alleviate negative effects on body weight.

Key Words: DDGS, layer, egg quality, PN strategy

P375   Evaluation of a protected fatty acid blend (PFA) on fer-
tility, sperm concentration, and production parameters in White 
Leghorn breeders. T. Allcorn*1, D. J. Caldwell1, M. P. Williams1, J. 
Klein1, S. Biddle2, M. Roux2, J. Spencer2, and J. T. Lee1, 1Texas A&M 
Agrilife Research, Department of Poultry Science, College Station, 
TX, 2Enzyvia LLC, Sheridan, IN.

An experiment was conducted to evaluate the dietary inclusion of a 
protected fatty acid blend (PFA) (Enzyvia, Sheridan, IN) high in doco-
sahexanenoic acid (DHA) on production parameters, fertility, sperm 
concentration, and Newcastle specific antibody titers in White Leghorn 
breeders. The experimental design consisted of 2 dietary treatments 
(control and PFA supplemented), each with 6 replicate pens of 35 
females and 3 males for a 35 week evaluation period beginning at 15 
weeks of age. Also, 32 additional males of the same age were housed 
in individual cages with half receiving each treatment. Semen from 
males was analyzed monthly to determine sperm concentration. Evalu-
ated parameters included weekly feed consumption, egg production, 
egg weight, fertility, and female antibody titers. A subset of hens was 
selected to evaluate Newcastle specific antibody titers beginning at 32 
weeks of age by receiving a boost vaccination, with blood sampling to 
include pre-boost, 2 weeks post boost, and 6 weeks post boost. Fertility 
was assessed on a 48 h collection period, every 4 weeks throughout the 
trial. Inclusion of PFA decreased feed consumption in multiple weeks 
throughout the trial (P < 0.05); however, this decrease in consumption 
did not negatively affect egg production or egg size. Sperm concentration 
was higher in PFA fed males with a significant increase (P < 0.05) being 
observed following 4 weeks of feeding. PFA feeding also increased the 
percentage of fertile eggs and hatchability, with significant increases 
being observed at 50 weeks of age (P < 0.05). PFA fed hens exhibited 
higher (P < 0.05) antibody titers before the boost however no difference 
was observed between the treatments following the boost. These data 
indicate that PFA feeding can increase sperm concentration leading to 
increased fertility in White Leghorn breeders.

Key Words: White Leghorn, fertility, sperm concentration, hatchability
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P376   Effects of original XPC on growth of Salmonella Arizo-
nae and Heidelberg in a complex fecal microbial population. V. L. 
Nsereko*, J. N. Broomhead, J. Butler, T. Weigand, and E. Gingerich, 
Diamond V, Cedar Rapids, IA.

Previous research (Broomhead et al., 2012; Poult. Sci. 91 (Suppl. 1):132) 
demonstrated that inclusion of Diamond V Original XPC (XPC), a 
Saccharomyces cerevisiae fermentation product, suppressed Salmo-
nella Enteritidis (SE) growth in an in vitro poultry intestinal model 
challenged with SE. In the present study, the same in vitro model was 
utilized to determine whether XPC could influence the growth of field 
isolates of Salmonella Arizonae (SA) and Salmonella Heidelberg (SH). 
The isolates originated from a young turkey in a commercial operation 
with re-occurrence problems (SA) and from a human being with an egg 
associated illness (SH). Fresh excreta from young turkeys (SA challenge) 
or adult laying hens (SH challenge) was used as a source of microbiota 
(representative of the lower intestinal tract). Under anaerobic conditions, 
a buffered (pH 6.8) excreta slurry was filtered and dispensed into vessels 
containing predigested (pepsin, pH 2.0; pancreatin, pH 7.0) feed with or 
without XPC (n = 5 for SA; n = 10 for SH), and then challenged with SA 
or SH at 105 or 104 cfu/ml, respectively. The mixtures were incubated 
anaerobically for 24-h at 39°C, with continuous mixing. SA and SH 
were enumerated using a selective medium (XLT4) and volatile fatty 
acid (VFA) concentrations were determined by gas chromatography. 
Data were analyzed using the GLM model of JMP. Acetate and total 
VFA concentrations were greater (P < 0.05) with XPC addition to both 
turkey and laying hen inocula. Furthermore, inclusion of XPC increased 
butyrate concentration by approximately 20% and 300% (P < 0.05) in 
the turkey and laying hen challenge models, respectively. Inclusion of 
XPC suppressed (P < 0.001) growth of SA and SH by 0.5 and 0.4 log, 
respectively. These results suggest that XPC may possess qualities that 
can shift the intestinal microbial population to preferentially suppress 
SH and SA growth.

Key Words: original XPC, volatile fatty acid, Salmonella Arizonae, 
Salmonella Heidelberg, intestinal model

P377   The apparent metabolizable energy of broiler diets sup-
plemented with a biosurfactant and carbohydrase. E. J. Kim*1, 
K. G. S. Wamsley2, J. L. Purswell1, and S. L. Branton1, 1USDA-ARS, 
Mississippi State, 2Mississippi State University, Department of Poultry 
Science, Mississippi State.

A 21 d apparent metabolizable energy (AME) trial was conducted to 
determine the effects of supplementing broiler diets that differed in 
AME with a commercially available carbohydrase and biosurfactant 
using corn-soybean meal based diets. Treatments were designed with 2 
levels of metabolizable energy (high and low) coupled with the addition 
of 3 levels of feed additives (none, carbohydrase only, and carbohydrase 
and biosurfactant combination). The higher energy diet was formulated 
to contain 3,008 kcal/kg and the lower energy diet was formulated to 
contain 2,946 kcal/kg. Either a carbohydrase or a combination of the 
carbohydrase and biosurfactant were then added to each of the diets. 
Titanium dioxide was added to the diet as an indigestible marker. Next, 
360 Male Cobb × Cobb 500 broilers were obtained from a commercial 
hatchery at day of hatch and were randomly allocated to 30 battery cages 
with 12 birds per cage. On d 18, excreta pans were cleaned and excreta 
were collected for 72 h. On d 21, excreta were collected, analyzed for 
gross energy and nitrogen. Nitrogen-corrected AME (AMEn) of the 
dietary treatments was determined. The calculated AMEn of the high 
energy diet was determined to be 3,334 kcal/kg DM. The addition of the 
carbohydrase only to the high AME diet was found to significantly (P 
≤ 0.05) decrease the AMEn of the diet to 3,105 kcal/kg DM. When the 

biosurfactant was added to the higher energy diet, there was no signifi-
cant effect on AME. One possible explanation for this decreased AMEn 
could be due to the high energy diet containing increased supplemental 
fat and decreased carbohydrate fraction, creating a lack of substrate. The 
calculated AMEn of the lower energy diet was determined to be 3,206 
kcal/kg DM and the addition of both feed additives was found to increase 
the AMEn of the diets to 3,243 kcal/kg DM, which was statistically 
similar to the high energy diet. In conclusion, the results of this study 
indicate that the supplementation of biosurfactant in lower energy diets 
may result in energy uplift but warrants further study.

Key Words: apparent metabolizable energy, carbohydrase, biosurfac-
tant, broiler

P378   Use of a probiotic and an enzyme complex in broilers fed 
with a sorghum + soybean based diet. I. C. Bautista Borjas*1, A. E. 
López Aguilar2, E. Ávila González1, and C. Rosario Cortes1, 1Facul-
tad de Medicina Veterinaria y Zootecnia de la Universidad Nacional 
Autónoma de México, México City, México, 2Du Pont Animal Nutri-
tion México, México city, México.

The aim of this study was to observe the growth performance and ileal 
total coliform count in broilers supplemented with a probiotic contain-
ing 3 distinct Bacillus subtilis strains (“probiotic”) and a multi-enzyme 
complex containing xylanase (4000 units/g from T. longibrachiatum), 
protease (8000 units/g from B. subtilis) and amylase (400 U/g from B. 
licheniformis) (“enzyme complex”). In total, 780 one-day-old chicks 
were used in a completely randomized 2 × 3 factorial with 5 replicates 
per treatment with 26 birds in each. Treatments were as follows: (1) 
positive control, (2) as 1 + probiotic, (3) as 2 + enzyme complex, (4) 
control reduced nutrients, (5) as 4+ probiotic, (6) as 5+ enzyme complex. 
The 2 sorghum/soybean meal control diets differed in metabolizable 
energy where the positive control diet had nutrient concentrations that 
met the needs of the birds (NRC, 1994) and a negative control diet 
that was reduced in nutrients. Data were analyzed using a completely 
randomized design with factorial arrangement and means were com-
pared by Tukey test in case of a difference. Main effect differences (P 
< 0.05) were observed for body weight and weight gain due to both 
diet and product addition. For feed conversion ratio and carcass yield, 
diet was the significant factor (P < 0.05) wherein the negative control 
compromised response of these 2 parameters. The total coliform count 
showed an improvement (P < 0.05) due to the main effects of diet and 
product. The positive control diets had higher counts of total coliforms 
whereas treatments supplemented with probiotic or probiotic + enzymes 
had lower total coliform counts. Under stated experimental condi-
tions, a beneficial effect of the addition of probiotics and probiotic + 
enzymes was observed in some productive variables as well as in the 
total coliform counts.

Key Words: broiler, probiotic, multi-enzyme complex, performance, 
total coliforms

P379   The effect of copper in excess of requirement on laying 
Japanese quail (Coturnix coturnix) response to different dietary 
non-phyate level. N. Delfani, A. Karimi*, G. A. Sadeghi, and A. Far-
zinpour, University of Kurdistan, Animal Science Department, Sanan-
daj, Kurdistan, Iran.

An experiment was conducted to evaluate the effect of copper in excess 
of requirements (0 and 250 mg per kg of diet from CuSO4.5H2O) on 
laying Japanese quail response to different dietary nPP level (0.13 and 
0.35%). A total of 132 laying Japanese quail were randomly distributed 
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to 4 dietary treatments, each treatment replicated 6 times (4 female and 
2 male in 3 replicate, and 3 female and 2 male in 3 replicate) in a com-
pletely randomized design in a 2 × 2 factorial arrangements. The results 
showed that addition of extra dose of copper in excess of requirement 
(250 mg/kg of diet) significantly (P < 0.05) improved egg hatchability, 
egg fertility rate (%), yolk color score, reduced embryo mortality rate, 
and also increased egg production rate, egg weight, body weight, gain 
weight and reduced egg cholesterol content. Reducing dietary nPP level 
had significantly (P < 0.05) improved P retention (%), however, dietary 
nPP level had no significant effects (P > 0.05) on egg hatchability, fertil-
ity rate or egg production criteria. Results also showed that addition of 
extra dose of copper into the basal diet significantly increased excreta 
Cu contents without influencing tibia ash or calcium content. Birds fed 
reduced phosphorus diet had significantly lower tibia ash or phosphorus 
contents. The interaction between copper supplementation and dietary 
nPP content on most measured parameters was not significant (P > 
0.05). In conclusion, findings indicate that addition of extra dose of 
copper has enhancing effects on egg production or hatchability proper-
ties; however reducing dietary nPP level has negative consequence on 
birds’ performance and skeletal properties.

Key Words: broiler, copper, phosphorus, quail, tibia

P380   Influence of fumonisins on sphingolipid metabolism in 
chickens: Intestinal versus non-intestinal tissues. H. E. Schwartz1, 
B. Grenier*2,3, U. Hofstetter3, W. D. Moll3, G. Schatzmayr3, and T. J. 
Applegate2, 1Christian Doppler Lab. for Mycotoxin Metabolism, Tulln, 
Austria, 2Purdue University, West Lafayette, IN, 3Biomin Research 
Center, Tulln, Austria.

Among mycotoxins, Fumonisins (FUM) are of major concern and are 
common fungal contaminants of corn and some other grains. FUM are 
structurally similar to sphingoid bases, and were identified as potent 
inhibitors of sphinganine N-acyl transferase (ceramide synthase). 
Toxicity and carcinogenicity of FUM are related to the disruption of 
sphingolipid metabolism that occurs as a result of inhibition of ceramide 
synthase. The ratio of the free sphingoid bases sphinganine (Sa) to sphin-
gosine (So) in tissues (mostly studied in the liver, kidney and serum) is 
well known to be an accurate biomarker for exposure to FUM. However, 
this ratio has never been investigated in intestinal tissues. To this end, 
an experiment was conducted on male broilers from hatch to 20 d, and 
fed with 6 diets (6 pens/diet; 6 birds/pen) containing 0, 5, 10, 20, 50, or 
100 mg FUM/kg diet. The sphingolipid analysis revealed that most of 
the changes in the Sa/So ratio occurred with at least 20 mg FUM/kg. At 
50 and 100 mg FUM/kg, stronger effects were noted. Surprisingly, at 
these concentrations the ileum was the most affected tissue with ratios 
15 to 20-fold higher than in the control group. Similarly, ratios in the 
liver were markedly increased, and to a lesser extent in the jejunum, 
kidney, serum and cecum. Interestingly, results at d 10 and 20 were not 
that different, suggesting that birds were not able to eliminate the free 
sphingoid bases. In conclusion, the analytical method has been validated 
on intestinal tissues and seems promising for investigating the efficiency 
of feed additives for detoxification of FUM. In addition, the strong effect 
observed in ileum implies that further work must be done in the small 
intestine to fully conclude on the FUM toxicity.

Key Words: fumonisin, sphinganine, sphingosine, biomarker, intestine

P381   Evaluation of live performance of straight-run broiler 
chicks on built-up litter and fed commercial type basal diets or 
basal diets supplemented with Farmatan, BMD, or combinations. 
D. Moran*1, R. Whelchel1, J. Ponebšek2, G. F. Mathis3, B. Lumpkins3, 

and D. M. Hooge4, 1Prinova Animal Nutrition, Carol Stream, IL, 
2Tanin Sevnica, Sevnica, Slovenia, 3Southern Poultry Research Inc., 
Athens, GA, 4Hooge Consulting Service LLC, Eagle Mountain, UT.

A 35-d broiler feeding trial was conducted to compare performance on 
basal diets or diets supplemented with antibiotics, Farmatan, or both. 
Straight-run Hubbard M99 × Ross 708 chicks (1,932 total) were placed 
46/pen in a randomized complete block design with 7 blocks and 6 treat-
ment pens/block (42 pens). Top-dressed, built-up wood shavings litter 
was used. Stocking density, deducting equipment space, was 0.0938 
m2/bird (1.01 ft2/bird) initially. Chicks were vaccinated on day of hatch 
with a live coccidia vaccine using a Spraycox machine. All diets were 
steam pelleted. Feeding phases were 0–18 and 18–35 d. Dietary treat-
ments (US ton) were: 1. basal diets (nCON), 2. +Farmatan 500 g/ton 
(F500), 3. +Farmatan 750 g/ton (F750), 4. +BMD 50 g/ton (BMD50), 
5. +BMD 37.5 g/ton and Farmatan 500 g/ton (BMD37.5+F500), and 
6. +BMD 25 g/ton and Farmatan 500 g/ton (BMD25+F500). At 18 d, 
mortality-adjusted feed conversion ratio (MAFCR) was approaching 
significance (1.293, 1.282, 1.278, 1.267, 1.253, and 1.270, respectively; 
P = 0.143 Tukey’s HSD test). From 18 to 35 d, feed/gain (F/G) was 
lower (P = 0.023) for BMD50 than nCON, with other groups interme-
diate. The 0–35 d F/G, FCR, and MAFCR were lower (P < 0.002) for 
BMD50 and BMD37.5 or 25 + F500 than for nCON, with other groups 
intermediate (MAFCR: 1.569a, 1.552ab, 1.544ab, 1.527b, 1.521b, and 
1.535b, respectively). The 35-d BW in kg were (P = 0.137): 2.038, 
2.057, 2.086, 2.093, 2.110, and 2.074, respectively). Mortality % 0–18 
d (P = 0.836), 18–38 d (P = 0.448), and 0–35 d (P = 0.654; 3.73, 3.11, 
3.11, 2.17, 4.04, and 2.48, respectively) were not significantly different 
by treatments. The 35 d EPEF ([BW gain, kg × Livability %]/[Age, d 
× F/G]) × 100) values were (P = 0.002): 339b, 348ab, 356ab, 365a, 362a, 
and 359a, respectively. Broilers cocci-vaccinated, kept on built-up litter, 
and fed diets with BMD 50 g or BMD 37.5 g or 25 g + Farmatan 500 
g/US ton had lower F/G, FCR, and MAFCR, and higher EPEF, than 
similarly reared birds fed nCON diets from 0 to 35 d.

Key Words: broiler, BMD, chestnut tannin, coccidia vaccine, Farmatan

P382   Bone quality of broiler progeny from breeders fed can-
thaxanthin and 25-hydroxycholecalciferol. C. S. S. Araujo*1, P. 
Zorzetto1, M. J. Q. Louzada2, A. J. T. Kawaoku1, and L. F. Araujo1, 
1University of Sao Paulo, Pirassununga, SP, Brazil, 2Sao Paulo State 
University, Araçatuba, SP, Brazil.

Bone mineral content (BMC) and bone density (BD) are considered 
direct indicators of Ca and P metabolism and have been used as estima-
tive parameters to measure bone resistance and quality. So the objective 
of this study was to evaluate the effect of Canthaxanthin and 25-OH-D3 
supplementation on bone quality of broilers. Eggs from breeders supple-
mented with or without 1kg of MaxiChick (DSM Nutritional Products, 
Switzerland, containing 6g of canthaxanthin and 69 mg of 25-OH-D3)/
ton of feed, were incubated and then, birds were randomly allocated in 
2 treatments: birds from breeders fed canthaxanthin and 25-OH-D3, and 
birds from breeders fed control diets. Broilers were fed a common diet 
(10 replications/treatment and 15 birds each). Three hundred broilers 
were reared from 1 to 42 d and at d 42, 2 birds were randomly chosen 
from each pen (20 birds per pen), for left tibiae sampling, to deter-
mine BMC and BD They were kept frozen in plastic bags at −20°C to 
maintain wetness until analysis for mineral content and bone density. 
Frozen tibiae were thawed by leaving them in plastic bags at room 
temperature for 1 h. The BMC and BMD were determined using dual 
energy x-ray absorptiometry. Data were analyzed by ANOVA using the 
GLM procedures of SAS, considering 5% of significance. Broilers from 
breeders fed canthaxanthin and 25-OH-D3 showed increased (P < 0.05) 
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BMC (3.03 vs. 2.64) and BMD (0.204 vs. 0.187) when compared with 
broilers from breeders fed control diet. It is concluded that the use of 
canthaxanthin and 25-OH-D3 in the breeders’ diets can improve bone 
quality in progeny.

Key Words: carotenoid, vitamin D3, bone mineral content, bone density

P383   The effect of feeding anise oil or antibiotics in growth 
performance and jejunum lesion during a Clostridium perfringens 
challenge in broilers. J. W. Charal*, T. D. Bidner, T. A. Lavergne, M. 
E. Gutierrez, and M. E. Janes, Louisiana State University Agricultural 
Center, Baton Rouge.

Two experiments were conducted to determine the effect of feeding 
anise oil (AO), salinomycin (Sal), and bacitracin methylene disalicylate 
(BMD) on growth performance and jejunum lesions (LS) in broilers. In 
Exp 1, 360 Ross 708 male broilers were allotted to one of 8 treatment 
groups (9 replications and 5 broilers per pen). Broilers were fed a starter 
diet (0–18 d) with 1) no antibiotic (NC); 2) Sal+BMD; 3) Sal; 4) BMD; 
5) 500 ppm AO ; 6) 1000 ppm AO; and 7) 1500 ppm AO; 8) a group 
was fed NC and not challenged (NCU). On d 10 birds were inoculated 
with 2 × 109 units of C. perfringens. On d 18 birds were euthanized 
and necropsied; and the jejunum removed, cleaned, and scored. For d 
0–10 birds fed the AO diets had reduced ADG (P < 0.10) and ADFI (P 
< 0.10), and there was no effect of treatment on G:F (P > 0.10). The 
d 10 BW was used as covariate on d 10–18 analysis and there was no 
effect of treatment on ADG, ADFI, or G:F (P > 0.10). Overall, birds 
fed AO diets had lower ADFI (P < 0.10) and there was no effect of 
treatment on ADG, and G:F (P > 0.10). Birds fed the NC or Sal+BMD 
diet had the highest LS; followed by Sal, BMD diets, and 500 ppm AO 
diets; then 1000 or 1500 ppm AO; and birds fed NCU had the lowest 
LS (P < 0.05). In Exp 2, 350 broilers were allotted to one of 10 treat-
ment groups (7 replications and of 5 broilers per pen). The birds were 
fed a starter diet (0–18 d) with 5% of fish meal (except diet 1) and 1) 
no antibiotic, no animal protein (V); 2) NC; 3) Sal+BMD; 4) 500 ppm 
AO; 5) 1000 ppm AO; and 6) 1500 ppm AO. Three groups were fed NC 
diet on d 0–10 and 7) 500, 8) 1000, 9) 1500 ppm AO on d 10–18; and 
10) A NC group was not challenged (NCU). On d 10 and 13 broilers 
were infected with 3 × 106 units of C. perfringens. There was no effect 
of treatment on ADG, ADFI, and G:F for d 0–10, 10–18 d and overall 

(P > 0.10). Birds fed AO diets had lower LS than other treatment diets 
(P < 0.10). These results indicate that during C. perfringens challenge, 
feeding AO to broilers may reduce feed intake and LS with no effect 
on growth and feed efficiency.

Key Words: anise oil, Clostridium, broiler, antibiotic

P384   The combination of canthaxanthin and 25-hydroxychole-
calciferol (25-OH-D3) supplementation to roosters diets improves 
reproductive capabilities. L. F. Araujo*, C. S. S. Araujo, R. J. G. 
Pereira, and R. F. Oliveira, Universtiy of Sao Paulo, Pirassununga, 
SP, Brazil.

The aim of this trial was to evaluate the reproductive capabilities of 
broiler breeder male (Cobb 500), fed diets with or without 1 kg of 
MaxiChick (DSM Nutritional Products, Switzerland, containing 6 g 
of canthaxanthin and 69 mg of 25-OH-D3)/ton of feed. A completely 
randomized design was used with 2 treatments (negative control, NC 
and MaxiChick, MC) with 12 replicates of one bird. Roosters were first 
trained to semen collection from 23 to 24 wk of age and then individu-
ally collected with an interval of 14 d. Semen were collected at 30, 
45 and 60 wk of age. The parameters evaluated were: motility, vigor, 
sperm concentration, morphological anomalies, and testosterone. Data 
were transformed to adjustment the normality and then subjected to 
ANOVA. Differences between treatments were compared by Tukey test 
at 5% significance level. There were no statistical differences (P > 0.05) 
between treatments at 30 wk. However, at 45 wk, canthaxanthin and 
25-OH-D3 supplementation improved (P < 0.05) evaluated parameters 
compared with NC: vigor (4.3 vs. 5.0), sperm concentration (4.2 vs. 6.0 
cells × 108/mL), and testosterone (1.5 vs. 2.1 ng/L), and decreased (P < 
0.05) morphological anomalies (21.4 × 16.2%). At 60 wk MC improved 
the following parameters: motility (90.5 vs. 92.8%); vigor (4.2 vs. 4.7); 
sperm concentration, (4.4 vs. 6.3 cells × 108/mL); and testosterone, (0.6 
vs. 1.1 ng/L), and decreased (P < 0.05) morphological anomalies (23.5 
vs. 14.3%). Canthaxanthin and 25-OH-D3 supplementation improved 
(P < 0.05) motility (90.46 vs. 92.84) just at 60 wk. Experimental results 
indicate a beneficial effect of canthaxanthin and 25-OH-D3 supplementa-
tion of the semen quality produced by broiler breeder males.

Key Words: carotenoid, vitamin D3, seminal characteristic, sperm
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P385   Withdrawn

P386   Correlation between urease activity index (UI) of full fat 
soybean extruded at three temperatures and biological perfor-
mance of broiler chickens. S. A. Mirghelenj*1, A. Golian2, H. Ker-
manshahi2, and A. R. Raji2, 1University of Tabriz, Tabriz, Azarbaijane 
Sharghi, Iran, 2Ferdowsi University of Mashhad, Mashhad, Kho-
rasane Razavi, Mashhad.

The urease activity index (UI) is a laboratory test to identify under-
processed soybeans. An experiment was conducted to compare the cor-
relation coefficient of laboratory test with some biological experiment 
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 and fed 3 diets containing 15% full fat 
soybean wet extruded at 145, 155, and 165°C from 0 to 42 d of age. 
The UI measured in EFFSB samples as a laboratory index to identify 
under-processed soybeans. 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 (UI). Results showed that PRW at 21 and 42 d chicks had 
highest correlation with UI (80 and 89%, respectively) as compared with 
other biological data. Also the UI values showed higher correlation with 
all biological data in 42-d chicks as compared with biological data of 
21-d chicks. It is concluded that the best biological test to evaluate the 
FFSB extrusion in broilers is measuring the pancreas relative weight 
of chicks at 42 d of age.

Key Words: full fat soybean, laboratory test, biological performance, 
correlation

P387   Effects of full fat soybean extruded at low temperature 
on performance, blood metabolites and intestinal morphology of 
broiler chickens. S. Zhaleh*2, A. Golian2, A. Hassanabadi2, and S. Mir-
ghelenj1, 1University of Tabriz, Tabriz, Azarbaijane Sharghi, Iran, 2Fer-
dowsi University of Mashhad, Mashhad, Khorasane Razavi, Mashhad.

The effect of dietary levels of full fat soybean (FFSB) extruded at low 
temperature were studied on the performance, blood metabolites and 
intestinal morphology of broiler chickens. A batch of FFSB was wet 
extruded at 145°C, for 15 s to provide the extruded full fat soybean 
(EFFSB) sample. The quality of extrusion as the urease activity index 
(UI) value of FFSB sample was found to be 0.13. One hundred and 
forty-four day-old Ross 308 male broiler chicks were allocated to 3 diets 
containing 0, 7.5, and 15% of EFFSB with 4 replicates of 12 birds each 
in a completely randomized design. All data were analyzed by ANOVA 
using the procedure described by the SAS 9.2 and Duncan means 
separation test was used to determine significant differences between 
treatment mean values (P < 0.05). Feed intake and weight gain of chicks 
fed diet containing 15% EFFSB were significantly lower than those fed 
diets containing 0 and 7.5% EFFSB (P < 0.05) during 0–14 d of age, 
but were not influenced during grower, finisher and the whole period. A 
linear decrease (P < 0.05) was observed (P < 0.05) in triglyceride and 
cholesterol of birds serum with increase in dietary levels of EFFSB. The 
villi length and villus absorptive surface area decreased linearly with 
increasing dietary levels of EFFSB (P < 0.05) in duodenum, jejunum 
and ileum sections of birds fed 15% EFFSB diet, (P < 0.05) comparing 
to control birds. It is concluded that using up to 15% FFSB extruded 

at 145°C in broilers diet did not influence the performance criteria 
negatively (P > 0.05), but did result in some physiological changes and 
negative effects on intestinal mucosa.

Key Words: broiler, full fat soybean, extrusion, performance

P388   Effects of feed form and feed particle size on growth perfor-
mance of broilers. M. B. Lv*, L. Yan, Z. Z. Lv, S. An, Z. W. Sun, and Z. 
G. Wang, Shandong New Hope Liuhe Group Co. Ltd., Qingdao, China.

This study was conducted to evaluate the effects of feed form (mash 
and crumble-pellet) and feed particle size (fine, medium and coarse) 
on growth performance of broilers. A total of 1152 one-day-old Ross 
308 mixed-sex broilers (1:1 ratio of males and females) were used in a 
completely randomized design utilizing a 2 × 3 factorial arrangement of 
treatments with 6 replicates and 32 birds in each. Birds on mash treat-
ments were fed mash diets from d 1–40, whereas those fed crumble-pellet 
diets were fed crumbles from d 1–21 and pellets from d 22–40. The 3 
particle sizes were achieved by grinding the wheat, corn and soybean 
meal in the hammer mill to pass through 2-, 5- and 8-mm sieves. Broiler 
starter (d 1 to 21), grower (d 22 to 32) and finisher (d 33 to 40) diets were 
formulated to meet Ross 308 strain recommendations. Higher average 
daily gain (ADG) and average daily feed intake (ADFI) were observed 
(P < 0.01) for birds fed crumble-pellet diets (CPD) than those fed mash 
diets (MD) during starter, grower and all experimental periods. From d 
1 to 40, birds fed CPD had higher (P < 0.01) body weight gain (BWG) 
than those fed MD. Although birds fed CPD had better (P < 0.01) feed 
conversion ratio (FCR) during starter phase than those fed MD, feed form 
did not affect FCR (P > 0.05) in other phases. Medium or coarse particle 
size increased (P < 0.01) ADG and ADFI during starter phase, but birds 
fed fine particle size diets had better (P < 0.01) FCR during grower phase. 
Feed particle size did not affect growth performance (P > 0.05) during 
finisher and all experimental periods. In mash diets, medium and coarse 
particle size resulted in higher (P < 0.05) BWG, ADG and ADFI than 
the fine particle size for the whole experiment. In crumble-pellet diets, 
however, particle size had no effect on the performance parameters, as 
indicated by the feed form × particle size interaction (P < 0.05). Overall, 
the present results showed that crumble-pellet form improved growth 
performance during entire period with effects being less evident during 
finisher phase than during starter and grower phases, and the effect of 
feed particle size varied depending on feed form.

Key Words: feed form, particle size, growth performance, broiler

P389   Maternal polyunsaturated fatty acid supplementation 
affects antioxidant capability, oxidative status and tissue fatty 
acids of hatching chicks. A. A. Yigit1, C. J. Bullock1, N. G. Causso2, 
R. S. Oliveira2, A. K. Panda1, and G. Cherian*1, 1Department of 
Animal and Rangeland Sciences, Oregon State University, Corvallis, 
2Sao Paulo State University (UNESP), Botucatu, Brazil.

Modern strains of birds selected for fast growth have high metabolic 
rates and increased oxidative stress. Antioxidant capability at hatching 
time is considered to be an important determinant of chick viability. 
Enzymes such as super oxide- dismutase (SOD), glutathione peroxi-
dase (GSH-PX), and catalase (CAT) serve as the first line of defense 
to the chicks. However, antioxidant capability and oxidative stress are 
affected by the hen diet and egg polyunsaturated fatty acid (PUFA) 
composition. The objective of the study was to test different sources 
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of plant or marine n-3 and n-6 PUFA on (1) egg and chick quality, (2) 
liver antioxidant activity and lipid oxidation products, and (3) heart 
tissue PUFA composition of newly hatched chicks. Fertilized eggs (n 
= 240) were collected from Ross breeder hens (n = 45) fed one of 3 
experimental diets containing 3.5% fish (FO) (long chain n-3), flax (FL) 
(18:3 n-3), or safflower oil (SF) (18:2 n-6) and were incubated. The egg 
and yolk weight were lowest for eggs from hens fed fish oil (P = 0.09, 
P = 0.02). There was a significant difference in arachidonic (20:4 n-6) 
and docosahexaenoic (22:6 n-3) acid content between FO and SF and 
between FL and SF eggs (P < 0.001). Chick weight was 41.2, 45.3, and 
43.3 g, for FO, FL and SF, respectively (P = 0.003). Liver tissue SOD 
and GSH-PX activity were highest in chicks hatched from FO eggs (P < 
0.001). No difference was observed in liver CAT activity. Lipid oxidation 
products measured as thiobarbituric acid reactive substances were lowest 
in chicks hatched from FL eggs (P < 0.01). Docosahexaenoic acid was 
lowest in the heart tissue of SF chicks, where a significant increase in 
arachidonic acid when compared with chicks hatched from FL and FO 
eggs was noted (P < 0.002, P < 0.007). It is concluded that regulation 
of antioxidant activity and tissue PUFA content of newly hatched chicks 
is dependent on parent hen diets.

Key Words: maternal diet, antioxidant enzyme, oxidative status, poly-
unsaturated fatty acid

P390   Corticosterone regulation of ovarian follicular develop-
ment is dependent on the energy status of laying hens. H. Lin*, 
X. J. Wang, Y. Li, Q. Q. Song, and Y. Y. Guo, Shandong Agricultural 
University, Taian, Shandong, China.

The objective of this study was to investigate the effect of glucocorticoids 
on reproductive performance of laying hens. In experiment 1, forty-
eight 26-wk-old hens were randomly subjected to 1 of the 2 treatments: 
subcutaneous injection of corticosterone at a dose of 2 mg/kg/day body 
mass for 7 d (CORT) or sham injection of the same volume of vehicle-
corn oil (Control). In experiment 2, forty-eight 30-wk-old hens were 
provided with either a normal diet (2654 kcal/kg) or a high-energy diet 
(2917 kcal/kg). After a 3-wk dietary treatment period, half of the hens 
in each group were randomly assigned to either CORT administration 
or sham treatment for 7 d as in Experiment 1. Body weight, feed intake, 
egg number and egg mass were recorded daily for each group. On d 
7, 8 chickens from each treatment were selected for a blood sample. 
The liver, ovaries and follicles, and abdominal fat were harvested and 
weighed. The number and weight of hierarchical follicles (HF, >12 mm) 
and small yellow follicles (SYF, 5–12 mm) were recorded. The liver 
and the follicular membranes of HFs were sampled. The results show 
that in the presence of an energy deficit, CORT significantly decreased 
laying performance by suppressing follicular development (P < 0.01). 
CORT suppressed follicular development was associated with the 
reduced availability of yolk precursor, indicated by the lower plasma 
concentrations of very-low density lipoprotein (VLDL) and vitellogenin 
and the decreased proportion of yolk-targeted VLDL (P < 0.01). Mean-
while, CORT decreased the expression of apo-B and apo-VLDL-II in 
the liver (P < 0.05). A drop in VLDL receptor content (P < 0.05) and 
an increase in the expression of the tight junction proteins occludin 
and claudin1 (P < 0.05) were also observed in HFs of CORT-hens. The 
results suggest that the decreased apo-lipoprotein synthesis and VLDLy 
secretion by the liver are responsible for the decreased availability of 
circulating yolk precursor in CORT-hens and that the upregulation of 
occludin and claudin expression in the HF granulosa further prevent 
yolk deposition into oocytes.

Key Words: corticosterone, follicle, liver, very low density lipoprotein, 
laying hen

P391   Evaluation of crude glycerin on pellet mill efficiency. F. de 
C. Tavernari*1, G. J. M. M. Lima1, L. S. Lopes1, N. E. Manzke2, P. G. 
S. Pires2, and V. Verniz3, 1Embrapa Swine and Poultry, Concórdia, SC, 
Brazil, 2Federal University of Pelotas, Pelotas, RS, Brazil, 3Sao Paulo 
State University, Dracena, SP, Brazil.

Crude glycerol reduces friction in the pelleting process, which 
helps to lower the use of electricity by feed industry. Most broiler 
diets produced in Brazil are pelleted and there is crude glycerin 
(80% glycerol) available as a co-product from biofuel production. 
Therefore, the objective of this study was to evaluate the effects of 
inclusion of crude glycerin on pelleted diets, formulated for initial 
phase broilers (7 to 21 d), based on corn and soybean meal, using 
pelleting productivity. Four treatments (inclusion of 0, 4, 8, and 12% 
crude glycerin) and 5 replicates of 250 kg were studied according a 
randomized complete block design to study amperage and duration 
time of pelleting. Diets were homogenized and pelletized with 50 
kg of milled wheat bran between runs to avoid cross contamination. 
Energy consumption (kWh/t) during the pelletization of each batch 
was calculated using amperage and time data. Temperature and 
humidity during processing were noted. From each of the 5 replicates, 
4 subsamples of 700 g, in average, were collected to determine the 
pelleting durability index (PDI, 10 min at 50 RPM) and to measure 
the temperature of pellets. Regression analysis was performed after 
ANOVA results conducted using PROC MIXED (SAS). There was 
a significant linear decrease (P < 0.05) in electricity consumption 
(kWh/t) when diets were pelleted with the inclusion of increasing 
levels of crude glycerin. However, there were no significant effects 
(P > 0.05) in ton of pelleted feed produced per hour. There was linear 
improvement (P < 0.05) in the PDI and a quadratic effect (P < 0.05) 
in the temperature of the pellets produced. Besides its use as energy 
source to animals, crude glycerin is an efficient pelleting enhancer 
which can be used to reduce electric power consumption by feed 
mills and improve pellet quality.

Key Words: broiler, diet processing, energy consumption, feed meal

P392   Effects of programmed nutrition strategy on the perfor-
mance and nutrient absorption of chicks. T. Ao*, K. A. Dawson, M. 
Paul, A. J. Pescatore, A. H. Cantor, L. M. Macalintal, R. S. Samuel, 
and M. J. Ford, Alltech-University of Kentucky Nutrition Research 
Alliance, Lexington, KY.

Several studies have indicated that nutrients provided in early life 
may interact directly with genes and their regulatory elements at the 
cellular level to permanently alter nutrient absorption and gene expres-
sion. The programmed nutrition (PN) strategy uses a post-hatch diet 
designed to condition future nutrient absorption and allow for changes 
in dietary nutrient density in later life. A study was designed to test the 
effects of PN and duration of feeding the conditioning diet on growth 
performance and nutrient absorption of chicks using a 2 × 3 facto-
rial treatment structure. Two conditioning diets including a corn-soy 
control diet and a PN Post Hatch Broiler Chick Starter (Alltech Inc.) 
diet were fed for 3 different time periods (48, 72 and 96hr). After the 
conditioning period, all chicks were fed the same diet that contained 
decreased levels of ME, minerals and vitamin E. Celite was included 
in the diet as an internal marker for evaluating ileum P digestibility of 
chicks. One d of age, 924 chicks were randomly assigned to 6 dietary 
treatments with 7 replicate groups of 22 chicks and were raised in an 
environmentally controlled floor pens for 38d. Chicks were fed the 
conditioning diets after 12h being picked up at the hatchery. Chicks 
fed the PN Post Hatch Broiler Chick Starter diet had greater (P = 0.09) 
weight gain (1958 vs. 1917) and higher (P < 0.01) ileum P digestibility 
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(34 vs. 31%) than those fed the control diet. Chicks fed the condition-
ing diets for 72h had greater weight gain (P = 0.07) than those fed the 
conditioning diets for 96h (1974 vs. 1909). Chicks fed the conditioning 
diets for 72h had higher (P < 0.01) ileum P digestibility than those fed 
the conditioning diets for 48h or 96h (37 vs. 31 vs. 28%). The results 
indicated that the PN Post Hatch Broiler Chick Starter diet used for 
72h (or 84 h after hatch) had long-term effects on the performance and 
nutrient digestibility of chicks.

Key Words: programmed nutrition, chick, conditioning diet, perfor-
mance, digestibility

P393   Synthesis of long-chain n-3 polyunsaturated fatty acids 
(PUFA) from α-linolenic acid (ALA; 18:3n-3) and stearidonic acid 
(SDA; 18:4n-3) and their incorporation into egg yolk and select 
tissues. R. G. Elkin*, Y. Ying, and K. J. Harvatine, Pennsylvania State 
University, University Park.

The hepatic desaturation of ALA to SDA is very inefficient in chickens 
and is considered to be a rate-limiting step in the synthesis of eicosa-
pentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 
22:6n-3). Thus, we hypothesized that hens fed an SDA-enriched oil 
would produce eggs containing greater amounts of EPA and DHA than 
what is achievable with flaxseed oil (FLAX), which contains about 
50% ALA. Two 28-d studies, each with 38-wk-old White Leghorn 
hens, were conducted. In Expt. 1, hens were fed a corn-soy-based diet 
containing 5% of either soybean oil (CON), high-SDA soybean oil 
(SDA), FLAX, or fish oil (FISH). In Expt. 2, we tested the interaction 
of dietary FA on the elongation and desaturation of SDA and employed 
a base diet that was lower in fat and linoleic acid (LA; 18:2n-6) and 
contained 4% SDA (SDA). The 4 treatments were: SDA; SDA+2% 
high-LA safflower oil (LA); SDA+2% high-oleic sunflower oil (OA); 
and SDA+2% high-DHA microalgae oil (DHA). In both studies, 
there was no effect (P > 0.05) of diet on hen BW, performance, egg 
components, or liver or abdominal fat pad weights; however, for each 
long-chain n-3 PUFA there were dietary differences (P < 0.05). In Expt. 
1, 28-d SDA, EPA, and DHA contents (mg/yolk) were: 0C, 1C, 46D 
(CON); 14A, 10B, 87B (SDA); 2B, 6B, 72C (FLAX); and 3B, 56A, 211A 
(FISH), respectively. A similar pattern was observed in liver tissue. 
In contrast, dietary SDA greatly elevated adipose SDA content, while 
EPA and DHA were only observed in adipose tissue from hens fed the 
FISH diet. In Expt. 2, 28-d SDA, EPA, and DHA contents (mg/yolk) 
were: 11A, 10B, 92BC (SDA); 9B, 6D, 84C (LA); 10B, 7C, 97B (OA); 
and 11A, 16A, 194A (DHA). It was concluded that, relative to ALA, 
SDA is more efficiently elongated and desaturated to EPA and DHA, 
but is much more readily incorporated into adipose tissue than egg 
yolk. LA appeared to attenuate these processes, while OA and DHA 
were without effect.

Key Words: stearidonic acid, long-chain n-3 PUFA, egg, laying hen

P394   Chickens artificially selected for low (LWS) and high 
(HWS) body weight differ in pancreatic expression of glucose reg-
ulatory genes. L. H. Sumners*1, X. Zhao2, W. Zhang1, C. F. Honaker1, 
M. A. Cline1, P. B. Siegel1, and E. R. Gilbert1, 1Virginia Tech, Blacks-
burg, 2Sichuan Agriculture University, Yáan, China.

White Plymouth Rock chickens originating from the same founder 
population have been artificially selected for low (LWS) and high (HWS) 
body weight at 56 d for 55 generations. LWS chickens are often anorexic, 
while HWS are hyperphagic, obese and display impaired glucose toler-
ance and a different threshold response to insulin. From these results, 

we hypothesized that LWS and HWS differ in transcriptional regulation 
of glucose regulatory genes. This experiment was designed to measure 
pancreatic mRNA of glucose regulatory genes in LWS and HWS. On 
d 65, pancreas samples (head and body) were collected from an equal 
number of males and females (n = 10/line) for real-time PCR analysis 
of preproinsulin (PPI), preproglucagon (PPG), glucose transporter 2 
(GLUT2), and pancreas and duodenal homeobox 1 (Pdx1) mRNA. 
GAPDH served as the endogenous control and data were analyzed 
using the 2−ΔΔCt method. Effects (line, tissue, sex) and interactions were 
analyzed by ANOVA and means were separated by Tukey’s HSD, with 
a significance of P < 0.05. For all genes, mRNA was greater (P < 0.01) 
in LWS. Abundance of PPG mRNA was 3-fold greater (P = 0.002) in 
LWS than HWS. PPI expression was greatest (P = 0.009) in the pancreas 
body of LWS males, and expression of PPG was lowest in the pancreas 
body of male chickens (P = 0.01). Abundance of GLUT2 mRNA was 
greater (P = 0.001) in males than females. Pdx1 expression was greater 
in the pancreas body of females, as compared with the pancreas body 
of males and the pancreas head of females (P = 0.002). There was also 
greater Pdx1 mRNA in both the pancreas head and body of LWS, than 
HWS (P = 0.04). Lower pancreatic expression of insulin-related genes 
in HWS may play a role in impaired glucose tolerance and insulin 
sensitivity. As glucagon is released during hypoglycemia, a potential 
for greater release in LWS is consistent with their hypophagia. Last, 
results suggest that distribution of islet cells in chickens is similar to 
mammals, with a larger number of α-cells in the pancreas head, and 
more β-cells in the pancreas body.

Key Words: chicken, glucose, insulin, glucagon, pancreas

P395   Fatty acid profiles of egg yolk, liver and blood plasma 
lipids of laying hens fed diets containing hempseed and hempseed 
oil. M. Neijat*, N. Gakhar, J. Neufeld, and J. D. House, University of 
Manitoba, Winnipeg, MB, Canada.

The aim of the present study was to evaluate the yolk, liver and plasma 
fatty acid (FA) profiles of laying hens fed diets containing varying levels 
of hempseed (HS) or hempseed oil (HO). For a period of 12 weeks, 
48 laying hens (Lohmann, 19 weeks of age) were individually caged 
with 8 replicates per treatment/diet. Six diets, with a basal mixture of 
wheat-barley and soy, contained either corn oil (control) or HS (10, 
20 or 30%) or HO (4.5 or 9%) as a source of their FA and containing 
similar levels of crude fat (11%), energy (2800kcal/kg) and crude pro-
tein (17%). Methyl esters of total lipid in yolk, plasma and liver were 
analyzed by gas chromatography. Data were analyzed as a complete 
randomized design using Proc Mixed procedure of SAS. Higher (P < 
0.0001) levels of total n-3 PUFA were observed in eggs obtained from 
hens fed diets containing 30% HS and 9% HO (221 and 214 mg/yolk, 
respectively) compared with the control diet (28 mg/yolk). There was a 
positive and strong correlation of total n-3 PUFA in the eggs with levels 
in both plasma (r = 0.68, P < 0.0001) and liver (r = 0.78, P < 0.0001). 
In addition, the levels of long chain PUFAs (EPA, DPA and DHA) in 
the yolk, liver and plasma were significantly higher (P < 0.0001) for 
hens fed hemp-product containing diets than those given the control 
diet. In these sampling sites, the DHA concentration increased by 
approximately 60% for the former groups of hens compared with the 
control. Higher (P < 0.0001) concentrations of γ-linolenic acid (γ-LA) 
were also found in the yolk, plasma and liver of hens consuming the 
hemp-product diets compared with the control diet. The deposition in 
eggs of the latter FA may confer additional benefits for birds consuming 
the hemp-product based diets.

Key Words: yolk, liver, plasma, hemp product, FA
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P396   Growth and serum biochemistry responses of male Pekin 
ducks to graded levels of cultured aflatoxin B1. X. Chen*1, N. Horn2, 
P. Cotter3, and T. J. Applegate1, 1Purdue University, West Lafayette, 
IN, 2JBS United, Sheridan, IN, 3Cotter Laboratory, Arlington, MA.

A 14-d study was conducted to evaluate the effects of cultured aflatoxin 
B1 (AFB1) on performance and serum biochemistry parameters in Pekin 
ducks. A total of 144 male Pekin ducks were weighed, tagged, and ran-
domly allotted to 4 diets with 5 replicate pens per diet and 6 ducks per 
pen. Dietary treatments included 4 concentrations of AFB1 (0, 0.1, 0.2, 
and 0.3 mg/kg) and were fed from 0 to 14 d of age. Supplementation of 
0.2 and 0.3 mg AFB1/kg diet reduced BW gain and feed intake weekly 
(P < 0.0001). Increasing concentrations of AFB1 reduced cumulative 
BW gain and feed intake both linearly and quadratically but not feed 
efficiency. Compared with control group, there was a 10.9%, 31.7%, and 
47.4% (P < 0.05) decrease in cumulative BW gain with 0.1, 0.2, and 0.3 
mg AFB1/kg diet, respectively. Relative liver weight was significantly 
lower in ducks fed 0.3 mg AFB1/kg (P = 0.0017), but not affected by the 
other AFB1 concentrations. Feeding 0.1 to 0.3 mg AFB1/kg significantly 
increased serum K, total protein, globulin, and creatine phosphokinase 
(P < 0.05), with a trend of AFB1 increasing serum calcium, P, and aspar-
tate transaminase (P < 0.1). Additionally, 0.1 to 0.3 mg AFB1/kg diets 
impaired classical and alternative complement pathways in the serum 
when tested against rabbit, human type O, and horse erythrocytes, and 
decreased the antibody capacity to agglutinate rabbit and horse eryth-
rocytes (P < 0.05). Results from this study show that dietary AFB1 as 
low as 0.1 mg/kg significantly impair performance, liver function, and 
immune parameters in Pekin ducks from hatch to 14 d of age.

Key Words: aflatoxin B1, duck, performance, serum, liver

P397   Characterization of emu (Dromaius novaehollandiae) 
intestinal microbiota using 454 pyrotag sequencing. J. E. Kim*1, 
H. M. Tun2, F. C. Leung2, D. C. Bennett1, and K. M. Cheng1, 1Univer-
sity of British Columbia, Vancouver, BC, Canada, 2University of Hong 
Kong, Hong Kong, SAR, China.

Emus (Dromaius novaehollandiae) are farmed for their fat (emu oil) and 
meat. They are omnivorous and have a seasonal pattern of foraging and 
fat deposition. Despite having a simple gastrointestinal (GI) tract and a 
short digesta retention time, emus are able to digest a significant portion 
of their ingested dietary neutral fiber. However, little is known about 
the GI microbial diversity of emus. The objective of this study was to 
characterize the bacterial community in the different compartments of 
small intestine (duodenum, jejunum, ileum), and compared it to that of 
the ceca. Gut samples were collected from 5 to 6 yr old adult emus (2 
males, 2 females) that were fed a barley-alfalfa-canola based diet. We 
amplified the v3–v5 region of 16s rRNA gene to identify the bacteria 
community using Roche 454 pyrotag sequencing. After quality trim-
ming, a total of 165,585 sequence reads were obtained from the small 
intestines, and 69,194 sequence reads were obtained from the ceca. A 
total of 700 and 822 operational taxonomic units (OTUs) were identified 
in the small intestines and ceca, respectively. Firmicutes (14–99%) and 
Proteobacteria (0.5–76%) were the most predominant bacterial phyla in 
the small intestine, whereas Bacteroidetes (48–61%) and Proteobacteria 
(5–44%) were predominant in the emu ceca. The species richness (Chao 
1) of the small intestine (148 OTUs in duodenum, 85 OTUs in jejunum, 
and 163 OTUs in ileum) was lower than that of the ceca (624 OTUs). 
The species richness of the different small intestinal compartments of 
males was greater than that of females. A small number of core OTUs 
were identified in each compartment of small intestine (range 2–14 
OTUs) indicating a unique bacterial community in each bird. This is 
the first study to characterize the microbiota of the emu small intestine. 

Results from this study allow us to further investigate the influence of 
the seasonal and physiological changes of intestinal microbiota on the 
nutrition of emus.

Key Words: 454 Pyrotag sequencing, emu, intestinal microbiota

P398   Effect of feed input on growth performance and carcass 
yield in male Mule ducks. Z. G. Wen*1,2, M. Xie1,2, J. Tang1,2, W. 
Huang1,2, and S. S. Hou1,2, 1Institute of Animal Science, Chinese Acad-
emy of Agricultural Sciences, Beijing, China, 2State Key Laboratory of 
Animal Nutrition, Beijing, China.

To avoid excess feed input during force-feeding in foie gras production 
of mule ducks, the dose-response experiment with 7 feed input levels 
(450, 540, 630, 720, 810, 900, 990g/d/bird) was conducted to evaluate 
the effects of feed input on growth performance and carcass yield for 
male Mule ducks from 91 to 102 d of age. One-day-old Mule ducklings 
(sterile and artificial hybrid of male Albatre Muscovy duck and female 
Pekin duck) were fed common diets ad libitum from hatching to 91 d 
of age and then fed the corn diets by force-feeding from 91 to 102 d of 
age. One hundred and 12 91-d-old male Mule ducks with similar body 
weight were randomly assigned into 7 treatments, each containing 8 
replicate pens with 2 birds per pen. At 102 d of age, weight gain and feed/
gain of ducks from each treatment were measured, and then all ducks 
were slaughtered to evaluate the yields of abdominal fat, breast meat 
(including pectoralis major and pectoralis minor), leg meat (including 
thigh and drum stick), and liver. Significant differences in weight gain, 
abdominal fat yield, and liver yield were observed among the treat-
ments (P < 0.01). According to the broken-line regression analysis, the 
optimum feed input of male Mule ducks from 91 to 102 d of age for 
maximum weight gain and liver yield were 884 and 879 g/d, respectively.

Key Words: duck, feed input, growth performance, carcass yield,

P399   Influence of feed form and energy concentration of the 
diet on productive performance and digestive tract traits of brown-
egg laying pullets from 1 to 35 days of age. B. Saldaña1, P. Guzmán1, 
A. Pérez-Bonilla2, H. A. Mandalawi1, O. Bouali1, and G. G. Mateos*1, 
1Universidad Politécnica de Madrid, Madrid, Spain, 2Camar Agroali-
mentaria S. L., Toledo, Spain.

The effects of feed form and energy concentration of the diet on pro-
ductive performance and gastrointestinal tract (GIT) traits were studied 
in 3,000 Lohmann Brown pullets (36.7 ± 2.8 g) from 1 to 35 d of age. 
The experimental design was completely randomized with 10 treat-
ments arranged factorially with 2 feed forms (mash vs. crumbles) and 
5 levels of energy (2,850, 2,900, 2,950, 3,000, and 3,050 kcal/AMEn 
kg). Each treatment was replicated 6 times and the experimental unit 
was a cage with 40 pullets. From 1 to 35 d of age, pullets fed crumbles 
had lower ADFI (P < 0.01) but higher BWG (P < 0.01) and better FCR 
(P < 0.01) than pullets fed mash. An increase in the energy content 
of the diet reduced ADFI and improved FCR linearly (L; P < 0.001) 
but BWG was not affected. Neither feed form nor energy concentra-
tion of the diet affected pullet uniformity at 35 d of age. The relative 
weight of the liver, gizzard, and GIT at this age was lower (P < 0.01) 
for pullets fed crumbles than for pullets fed mash. Also, pullets fed 
crumbles were shorter and had shorter tarsus and small intestine (SI) 
than pullets fed mash (P < 0.01). Gizzard pH was higher (P < 0.05) 
for pullets fed crumbles than for pullets fed mash. An increase in the 
energy content of the diet increased the relative length of the SI (L, P < 
0.05) and decreased the digesta content of the gizzard (L; P < 0.05). It 
is concluded that crumbling improved FCR, BWG, and carcass yield of 
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pullets. An increase in the energy content of the diet improved FCR, but 
did not affect BWG. Therefore, the use of crumbles might be preferred 
to the use of mash during the starter phase (1 to 35 d) of the rearing 
period. On the other hand, the more convenient energy level to be used 
in starter diets for pullets will depend primarily on the relative cost of 
available ingredients.

Key Words: crumble, energy concentration, gastrointestinal tract, 
growth performance, mash

P400   The effects of distillers dried grains with solubles on egg 
production and yolk color. L. R. Brunet*, D. R. Ingram, J. N. Losso, 
and T. A. Lavergne, Louisiana State University Agricultural Center, 
Baton Rouge.

Distillers dried grains with solubles (DDGS) is a common byproduct 
of the ethanol industry and is used in animal feeds. Carotenoids are 
already present in the human eye, and increasing the amount of carot-
enoids in the eye can help prevent diseases such as macular degenera-
tion and cataracts. DDGS contains xanthophylls which are a part of 
the carotenoid group. It is thought that adding DDGS to standard corn 
and soybean meal diets may increase the amount of lutein available in 
egg yolks. An experiment was conducted with Hy-Line W-36 hens to 
evaluate the effects of DDGS in corn-soybean meal diets. One hundred 
35 hens were fed one of 3 treatment diets with 5 replications of 9 hens 
per replicate in a completely randomized design. This was a 56-d trial. 
The treatment diets were (1) Control (no DDGS), (2) DDGS processed 
without heat treatment (DDGS-H), and (3) DDGS processed with heat 
treatment (DDGS+H). DDGS inclusion rate was 20%. Weekly hen-day 
egg production was recorded. Average daily feed intake, feed efficiency, 
egg specific gravity, egg mass, yolk color, and Haugh units were deter-
mined on 3 consecutive days at the end of each 28-d period. Throughout 
the trial, there was no effect (P > 0.05) of treatment on average daily 
feed intake, feed efficiency, hen day production, egg weight, specific 
gravity, Haugh units, or hen weight. At the end of the first 28-d period, 
yolk lightness (L*) was decreased (P < 0.01) in hens fed the DDGS+H, 
and increased (P < 0.02) at the end of the second 28-d period. At the 
end of both 28-d periods, yolk redness (a*) was increased (P < 0.01) in 
hens fed DDGS-H or DDGS+H. Yolk yellowness (b*) was decreased 
(P < 0.01) in hens fed DDGS+H at the end of the first 28-d period. The 
inclusion of 20% DDGS in hen diets did not affect hen egg production 
or egg quality but did increase yolk redness (a*).

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

P401   Influence of fiber inclusion in the diet on growth perfor-
mance and development of the gastrointestinal tract of brown-egg 
laying pullets from 1 to 35 days of age. P. Guzmán1, S. Sidrach1, B. 
Saldaña1, M. V. Kimiaeitalab1, A. Pérez-Bonilla2, and G. G. Mateos*1, 
1Universidad Politécnica de Madrid, Madrid, Spain, 2Camar Agroali-
mentaria, S.L., Toledo, Spain.

In total, 4,000 one-day-old pullets were used to investigate the effects 
of the main cereal and the inclusion of fiber in the diet on growth per-
formance and digestive tract traits of pullets from 1 to 35 d of age. The 
design was completely randomized with 8 dietary treatments and 10 
replicates (50 pullets) per treatment. There were 2 control diets based 
primarily on corn or barley supplemented with enzymes and 6 extra diets 
arranged as a 2 × 3 factorial that included 2 or 4% of cereal straw, sugar 
beet pulp (SBP), or sunflower hulls (SFH) in substitution (wt/wt bases) 
of the corn diet. In addition, pre-planned, polynomial contrasts were 

performed to study the linear (L) and quadratic (Q) effect of increasing 
levels (0, 2, 4%) of the 3 fiber sources in the diet. Main cereal of the 
diet did not affect any of the variables studied. From d 1 to 35, pullets 
fed SFH had higher BWG (P < 0.05) than pullets fed SBP with pullets 
fed straw being intermediate. Inclusion of fiber in the diet increased 
ADFI linearly (L, P < 0.05). Also, an increase in the level of straw (L, 
P = 0.05) and SFH (L and Q, P < 0.05) increased BWG in this period. 
Feed conversion ratio tended (P = 0.09) to be better with 2% fiber 
inclusion than with 4% fiber inclusion. Fiber inclusion increased the 
relative weight (% BW) of the gizzard (L, P < 0.10 for straw and SFH; 
L, (P < 0.05 for SBP). Pullets fed SBP tended to be longer (P = 0.07) 
and to have longer small intestine (P = 0.06) than pullets fed straw or 
SFH. In conclusion, barley and corn can be used indistinctly in diets 
for pullets from 1 to 35 d of age. The inclusion of moderate amounts 
of insoluble, lignified sources of fiber, improved growth performance 
and increased the relative weight and length of the small intestine of 
pullets at 35 d of age.

Key Words: cereal straw, organ development, pullet performance, sugar 
beet pulp, sunflower hulls

P402   Influence of main cereal and inclusion of fiber in the diet 
on productive performance and digestive traits of brown-egg 
laying pullets from hatching to 17 weeks of age. P. Guzmán1, S. 
Sidrach1, B. Saldaña1, A. Pérez-Bonilla2, and G. G. Mateos*1, 1Uni-
versidad Politécnica de Madrid, Madrid, Spain, 2Camar Agroalimen-
taria, S.L., Toledo, Spain.

In total, 3,000 one-day-old brown-egg laying pullets were used to 
investigate the effects of main cereal and fiber inclusion in the diet on 
growth performance and gastrointestinal tract (GIT) development from 
1 to 17 wk of age. Two of the diets differed in the main cereal used (corn 
vs. barley) and the other 4 diets included 2 or 4% of either cereal straw 
or sugarbeet pulp (SBP) at expense (wt:wt) of the whole corn diet. The 
feeding program consisted in 3 phases with all diets within each period 
having similar nutrient content. Main cereal of the diet did not affect any 
of the traits studied. From wk 1 to 17, SBP inclusion decreased (L, P < 
0.01) BWG but no effects were detected for straw. FCR however, was 
hindered by both SBP or straw inclusion in the diet (P < 0.01). Most of 
the negative effects observed with fiber inclusion on pullet performance 
were observed after 5 wk of age. At 17 wk of age, gizzard weight (% 
BW) increased with straw (L, P < 0.05) and SBP (L, P = 0.09) inclusion. 
However, full GIT weight (% BW) increased with SBP (L, P < 0.05) but 
not with straw inclusion. Pullets fed SBP were longer and had longer 
tarsus and small intestine at 5 wk (P < 0.10) and 10 wk (P < 0.05) of 
age than pullets fed straw but no differences were detected at 17 wk of 
age. We conclude that growth or GIT development of the pullets was 
not affected by the main cereal of the diet. The inclusion SBP in the 
diet hindered BWG and FCR from 1 to 17 wk of age, whereas straw 
inclusion hindered FCR but did not affect BWG.

Key Words: brown-egg pullet, digestive tract, cereal straw, sugarbeet 
pulp

P403   Effects of main cereal of the diet and type of grinding of 
the cereal on productive performance and egg quality of brown-
egg laying hens. A. Pérez-Bonilla1, M. V. Kimiaeitalab2, P. Guzmán2, 
L. Cámara2, J. García1, and G. G. Mateos*2, 1Camar Agroalimentaria, 
Toledo, Spain, 2Universidad Politécnica de Madrid, Madrid, Spain.

An experiment was conducted to study the effects of main cereal and 
grinding of the cereal of the diet using a hammer or a roller mill, on 
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productive performance and egg quality of brown-egg laying hens from 
22 to 59 wk of age. The design was completely randomized with 6 treat-
ments arranged as a 2 × 3 factorial with 2 mill types used for grinding 
(hammer vs. roller) and 3 cereals (barley, wheat, and corn). Each treat-
ment was replicated 7 times and the experimental unit was an enriched 
cage with 10 hens. Mean particle size (MPS) was higher for the barley 
than for the corn diet with that of the wheat diet being intermediate. The 
difference in MPS observed was higher when the roller mill was used 
than when the hammer mill was used. Moreover, the use of the roller mill 
reduced the proportion of small particles (<160µ) in the corn and wheat 
diets but not in the barley diets. An interaction between main cereal of 
the diet and type of mill used to grind the cereal was detected for ADFI 
(P < 0.01) and egg production (P = 0.09). Both traits showed similar 
values across diets when the cereal was hammer milled but when the 
cereal was rolled values were lower for the barley than for the wheat or 
corn diets. None of the other productive variables (egg weight, egg mass, 
feed efficiency per kg or dozen of eggs, BW gain, and mortality) was 
affected by dietary treatment. Egg quality traits (dirty eggs, egg shell, 
albumen height, and relative weight of shell, yolk, and albumen) were 
not affected by dietary treatment. We conclude that roller mills can be 
used successfully for grinding low fiber cereals (corn and wheat) destined 
to the production of feeds for laying hens. However, the use of roller 
mill might not be adequate when barley is the main cereal of the diet.

Key Words: barley, corn, hammer mill, roller mill, wheat

P404   Variation among origins in nutrient composition and 
protein quality of soybean meals. P. G. Rebollar, C. de Blas, M. A. 
Ibañez, R. Lázaro, L. Cámara, and G. G. Mateos*, Universidad Poli-
técnica Madrid, Madrid, Spain.

Nutrient composition of soybean meal (SBM) depends on country of 
origin and crop year. Over a 5-yr period (2007–2011), a data set of SBM 
samples (126 from ARG, 113 from BRA, and 148 from USA) was col-
lected and analyzed for chemical components, AA, and protein quality 
traits. All variables studied except Na and Mg contents, differed among 
origins. In this research we studied if the variability in composition and 
protein quality of SBM of the 3 countries could be better estimated 
adding extra samples to the 2007–2011 data set. A total of 90 samples (n 
= 30 per country) were collected in 2012 and the analytical results were 
included in the previous data set (PDS) to get a wider data set (WDS). 
Data from PDS and WDS were analyzed with ANOVA and bean origin 
as the main effect. The estimated variances of the residuals from PDS 
and WDS models were compared using an F test. The signification levels 
(P < 0.001) of the differences for major variables among origins were 
similar in both models. The estimation of the effect of bean origin on 
the variability of major chemical components (CP, ash, ether extract, 
NDF, and sugars), except stachyose, was not improved by increasing the 
number of samples in the model. However, for Ca, Mg, and Mn contents, 
the WDS model increased (P < 0.001), and for Na and Fe decreased (P 
< 0.05) the residual variance compared with PDS model. The estimation 
of the effect of bean origin on KOH solubility (P < 0.001) and TIA (P 
< 0.01) were improved in the WDS model as compared with the PDS 
model whereas no differences for PDI and UA were observed. On CP 
basis, Lys (P < 0.05) variation due to origin increased (P < 0.05) and 
that of Cys, Leu, Val, and His decreased (P < 0.001) when extra samples 
were added to the model. It is concluded that no extra SBM samples of 
the data set is needed to improve the accuracy of comparisons among 
SBM origins for major nutrients and protein quality traits. However, 
additional samples could improve the estimation of variation due to 
origin for some protein quality indexes and AA profile.

Key Words: chemical composition, origin, soybean meal

P405   Correlations between chemical assays and near-infrared 
reflectance spectroscopy for nutrient components and correlations 
between nutrients and color scores of distillers dried grains with 
solubles. A. Y. Pekel*1, E. O. Cakir2, M. Polat1, K. Cakir1, G. Inan3, 
and N. Kocabagli1, 1Istanbul University, Istanbul, Turkey, 2Pendik 
Veterinary Control and Research Institute, Istanbul, Turkey, 3Optima 
Nutritional Products Inc., Lüleburgaz, Kırklareli, Turkey.

The objective of this research was to evaluate the nutritional composition 
of DDGS samples (8 wheat and 7 corn) marketed in Turkey. The samples 
were analyzed either by NIRS or wet chemical procedures. Color (CIE 
L* a* b*) characteristics of the samples were measured on the selected 
parts of the feeds. Correlation coefficients showed good agreement 
between NIRS and wet methods for the determination of selected nutri-
ents except DM. Highest coefficients of variations (CV) were observed 
for fat among the nutrients tested. Strong negative correlations were 
found between ash and ADF (−0.811), ash and NDF (−0.649), ash and 
CF (−0.757) when determined by wet analyses. Phosphorus and GE had 
negative correlations with fiber fragments. The values for a* were found 
to be inversely correlated to the CF, ADF, and NDF contents found in 
both methods. On the contrary, there was a positive correlation between 
a* values and ash content in both methods. Positive correlations also 
were found between fat content and L* and b* values of the ingredients. 
Negative correlations were found between b* value and CP, Arg, Ile, 
Gly, and Pro levels. These results suggest that the NIRS is a precise 
method and the correlations found among nutrients and between color 
and nutrients must be taken into consideration to predict nutrient content 
of DDGS. No antibiotic residue found in the samples.

Key Words: DDGS, nutrient profile, NIRS, color score, correlation

P406   Effect of age in determining preference and palatability 
for plant proteins by broiler chickens. R. B. Agivale*, E. Y. Opoku, 
and T. A. Scott, Department of Animal and Poultry Science, University 
of Saskatchewan, Saskatoon, SK, Canada.

It is recognized taste perception can have significant effects on feed 
intake and subsequent growth. In this study influence of age on prefer-
ence and palatability was studied on 432 Ross 308 male broilers between 
0 to 21 d. A total of 12 treatments were tested using 4 nutrient equal 
broiler starter diets with 1 of 4 plant proteins (PC): (1) canola protein 
concentrate (CPC; 10%); (2) pea protein concentrate (PPC; 15%); (3) 
CPC and PPC (CPC (5.0)+PPC (7.5) %); and (4) canola meal (CM; 
10%) fed in a separate feeder from a diet with 5% fish meal (FM). The 
preference tests were made using 6 cages of 6 male broilers started on 
the PC diets at 0, 7 or 14 d, and fed ad libitum to 21d. Prior to starting 
preference tests at 7 or 14 d, broilers were fed a commercial broiler 
starter diet containing none of the test ingredients. The treatments are 
arranged in 4x3 factorial to measure preference of 4 PC source in com-
parison to FM with observations starting at 3 ages (0, 7 or 14 d). In the 
0–21 d group there was significantly (P < 0.01) greater preference for 
the FM as compared with the PC diets, the effect was more pronounced 
in the first week, but was still significant in the third week. In broilers 
started on preference tests at 7 d, significant (P < 0.05) preference for 
FM over PC diets was observed during the first week; while, preference 
was reduced but still significant (P < 0.05) in the second week. The 
magnitude of the preference for PC diets over FM diets was consistent 
(PPC < CPC+PPC < CPC, indicating maximum aversion for PPC diets. 
Significant (P < 0.01) interactions between age and diet were observed 
with respect to selection of FM/PC ratios during wk 1, 2 and 3. In con-
clusion, these comparisons indicate that younger birds had a stronger 
preference for FM diets. This model will be used in upcoming studies 
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to identify if additives and/or processing will help reducing aversion 
for PC in comparison to FM based diets.

Key Words: canola protein concentrate, pea protein concentrate, canola 
meal, fish meal, preference

P407   The effect of sexual maturity on protein turnover in 
laying hens during sexual maturity transition and throughout pro-
duction. K. Vignale*1, J. V. Caldas1, S. Cerrate1, J. England1, R. D. 
Ekmay2, N. Boonsinchai1, P. Sodsee1, E. D. Pollock1, and C. N. Coon1, 
1University of Arkansas, Fayetteville, 2Cornell University, Ithaca, NY.

Protein turnover in skeletal tissue for broiler breeders has been shown to 
increase at sexual maturity and then decline with increased egg produc-
tion. Protein turnover of skeletal tissue for commercial layers at sexual 
maturity and during the production period has not been determined. 
The objective of the present study was to evaluate protein turnover in 
commercial laying hens during sexual maturity transition and throughout 
production. Protein turnover was determined in brown layers at 16, 21, 
31 and 60 weeks of age. A complete randomized design was used with 
4 treatments and 10 replicates per treatment, where each age of the hen 
was a treatment, and each hen represented a replicate. ANOVA was 
performed using JMP software. Ten laying hens at each age were given 
an intravenous flooding-dose of 15N-Phe (125 mM, 25% APE) at 10 mL/
kg. After 10 min, birds were sacrificed and the breast muscle excised 
and frozen in liquid nitrogen. Excreta were also collected and frozen. 
The acid-soluble fraction containing free amino acids from muscle was 
separated from the protein precipitate. The ratio of 15N:14N of each 
fraction was determined via gas chromatography-mass spectrometry 
(GCMS). Quantification of 3-methylhistidine in both muscle and excreta 
was determined via GCMS. No statistical differences were found for 
the fractional degradation rates (FDR) for 16, 21 and 31 weeks of age 
(11.66, 12.15, and 8.15%, respectively). FDR decreased for 60 wk 
layers compared with 16 wk pullets (5.37 and 11.66%, respectively; P = 
0.0279).Fractional protein synthesis rate (FSR) declined for 31 wk layers 
(post-peak) compared with 21 wk (pre-peak) layers (2.61 and 7.11%, 
respectively; P = 0.0082) and then increased for 60 wk layers compared 
with 31 wk layers (6.5 and 2.66%, respectively; P = 0.0235). Further 
studies are needed to determine regulatory control of the FSR and FDR 
for broiler breeders and commercial layers to better understand how they 
are using the tissue amino acids. Laying hens and broiler breeders may 
rely on skeletal muscle tissue as a source of protein for egg production.

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

P408   Effects of in ovo injection of conjugated linoleic acid 
(CLA) on hatchability and subsequent performance of broiler 
chickens. M. Azadegan*2, A. Hassanabadi2, H. Nasirimoghadam2, and 
S. A. Mirghelenj1, 1University of Tabriz, Tabriz, Azarbaijane Sharghi, 
Iran, 2Ferdowsi University of Mashhad, Mashhad, Khorasane Razavi, 
Mashhad.

This experiment was conducted to study the effects of in ovo injection 
of conjugated linoleic acid (CLA) on hatchability and subsequent perfor-
mance of broiler chickens. One hundred and 60 fertilized eggs including 
4 treatments with 4 replicates from a young flock were selected then the 
eggs were injected in the air sack with CLA (150 and 300 mg dissolved 
in 100 mL of commercial diluent) on 18 d of incubation. Two control 
groups (injected with or without diluent) were also included. Results 
showed that although the hatchability of eggs were not affected with 
150 or 300 ppm in ovo injected CLA (P > 0.05), but feed intake and 

weight gain of birds at 42 d of age improved with in ovo injection of 
150 or 300 ppm CLA as compared with control groups (injected with 
or without diluent). Differences between hatchability and subsequent 
performance of hatched chicks were not significant in 2 control groups 
(P > 0.05). Carcass yield and abdominal fat weight of chickens were 
not affected (P > 0.05) with in ovo injection of 150 or 300 ppm CLA. 
It is concluded that in ovo injection of 150 or 300 ppm CLA in broiler 
fertile eggs could improve subsequent production performance of broiler 
chickens at 42 d of age.

Key Words: in ovo injection, conjugated linoleic acid, hatchability, 
production performance

P409   Effect of including canola meal on sorghum- and corn-
based diets on the protein and energy use in broiler chickens. S. 
Gomez and M. L. Angeles*, National Institute of Forestry, Agriculture 
and Livestock Research, Ajuchitlan, Queretaro, Mexico.

The objective of the study was to evaluate the productivity, the nitrogen 
and energy retention, the apparent metabolizable energy corrected to 
cero nitrogen retention (AMEn), the protein, fat and energy retained in 
the carcass of broiler chickens fed rations formulated with sorghum (S) 
or corn (C) and increasing levels of canola meal (CM). In Exp. 1, 300 
Ross B308 broilers from 35 to 49 d of age individually housed in bat-
tery pens were used. The birds were randomly assigned to S or C diets 
combined with 3 levels of CM (0, 10 and 20%). Growth performance 
and carcass yield were registered. In Exp. 2, 54 broilers from 21 to 35 
d of age were used; 6 birds were killed at the beginning for chemical 
analysis and the rest 48 broilers were randomly assigned to S or C diets 
and 4 levels of CM (0, 10, 20 and 30%) using the substitution method; 
there were 6 replicate broilers/treatment. Total excreta was collected the 
last 3 d of the trial and at the end all broilers were killed to determine the 
chemical composition and energy in the fat and protein of the carcass. 
Results were subjected to analysis of variance and linear regression. In 
Exp. 1, a trend (P < 0.10) of lower feed intake in S-fed broilers as well 
as lower final body weight, breast and carcass weight in broilers fed 
20% CM was observed. In Exp. 2, the efficiency of protein use and the 
energy retained in the carcass was lower and the heat production was 
higher in S-fed broilers (P < 0.01). The increasing levels of CM caused 
a higher excretion and lower retention of nitrogen and energy and lower 
AMEn (linear effect, P < 0.01) and also, lower efficiency of protein use, 
fat and energy retained in the carcass but higher heat production (linear 
effect, P < 0.01). The results indicate that the use of protein and energy 
was less efficient in S-based diets as well as in diets formulated with 
increasing levels of CM. On average, the AMEn of CM on sorghum- and 
corn-based diets was 2027 and 2039 kcal/kg, respectively.

Key Words: broilers, canola meal, sorghum, corn, AMEn

P410   Growth performance, nutrient and energy intake of alter-
native breed replacement pullets provided through the use of 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.

The objective of this study was to determine the nutrient and energy 
intake of alternative chicken breeds as replacement pullets through a 
self-selection feeding program. Seventy-five day-old chicks per breed/
strain (Rhode Island Red, Barred Plymouth Rock, Black Australorp, 
Black Sex-Link, Red Sex-Link, and ISA Brown) were divided into 3 
replicate groups which were randomly assigned to floor pens at a den-
sity of 929 cm2/bird. All chicks received a complete diet for the first 2 
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weeks, and then were transitioned to a self-selection feeding program 
using 4 feed choices provided on an ad libitum basis. The feed choices 
included a protein concentrate (39% CP) without added methionine and 
3 grains similar in energy content, but differing in protein and methio-
nine content (cracked corn, naked oats, and pearl millet). The feeds 
were randomly allocated to 4 identical feeders within each pen and the 
location of the feeders was rotated 2–3 times per week. At 19 weeks of 
age, individual body weight averaged 1630 g for Red Sex-Link, 1623 
g for Black Sex-Link, 1612 g for Black Australorp, 1565 g for Barred 
Plymouth Rock, 1523 g for ISA Brown, and 1444 g for Rhode Island 
Red pullets. The body weights of the Red Sex-Link, Black Sex-Link, and 
Black Australorp pullets were significantly different (P = 0.0026) from 
that of the ISA Brown and Rhode Island Red pullets. The body weights 
for the Barred Plymouth Rock pullets were significantly different from 
the Rhode Island Red pullets. Average daily feed intake (52.8 g/bird/
day) from placement (1d of age) through the end of the study was not 
significantly different among the breeds/strains (P = 0.27). Additionally, 
there were no significant differences in diet selection between breeds (P 
> 0.05). Free-choice feed selection for all breeds/strains resulted in a diet 
containing approximately 3098 kcal/kg, 15.4% protein, 0.26% methio-
nine, 0.51% calcium, and 0.29% phosphorus. Self-selection resulted in 
diets that were sufficient in protein, methionine, and phosphorus, but 
lower in calcium and higher in energy than NRC requirements.

Key Words: self-selection feeding, alternative breed

P411   Nutritional evaluation and metabolizable energy of auto-
claved castor bean meal for broilers. J. C. N. Santana1, M. C. M. M. 
Ludke*1, J. V. Ludke2, P. S. Pereira1, and A. S. Silva1, 1Universidade 
Federal Rural de Pernambuco, Recife, Pernambuco, Brazil, 2Embrapa 
Swine and Poultry, Concórdia, Santa Catarina, Brazil.

A metabolism trial was run to evaluate autoclaved castor meal (ACM) 
for broilers. The ACM were produced in continuous steps by adding/
mixing of 6% calcium oxide (CaO) to untreated castor bean meal, 
cold water adding (1:1 w/w) with homogenization, autoclaving with 
1.23 kgf/cm2 during 90 min, sun drying and grinding. Metabolism 
trial were performed using 24 metabolic cages occupied by 144 Ross 
male broilers with average weight of 2050 ± 20 g and 32 d old. Room 
temperature were held at 28°C during 5 d of adaptation and 5 d excreta 
collection. Four treatments were applied with 6 replicates and 6 broil-
ers per plot in completely randomized design. Treatments were: (T1) 
Reference diet (RD) using corn and soybean meal and (T2 to T4) 8%, 
16% or 24% inclusion of ACM by replacement of RD. The calculated 
parameters were apparent metabolizable coefficients (MC) of dry matter 
(DM), crude protein (CP) and gross energy (GE) and values of apparent 
metabolizable energy (AME) and AME corrected to nitrogen retention 
(AMEn) for ACM. Data were analyzed using ANOVA and means were 
compared by Tukey test. ACM had 90.30% DM, 27.92% CP, 27.62% 
crude fiber, 9.68% ether extract, 4.95% calcium, 0.89% phosphorus and 
4217 kcal/kg GE. Replacement of RD by 8, 16 or 24% ACM did not 
affect the MC of DM, CP, GE, and AME and AMEn values for ACM 
(P > 0.05). MC of DM values for ACM were 57.13, 57.74, 56.66%, 
respectively, at T2, T3 and T4 (mean = 57.18% and CV = 4.3%). MC 
of CP values for ACM were 76.02, 75.64, and 75.52%, respectively, 
at T2, T3 and T4 (mean = 75.73%, CV = 2.92%). MC of GE values 
for ACM were 52.82, 54.97, and 54.31%, respectively, at T2, T3 and 
T4 (mean = 54.03%, CV = 3.36%). AME values for ACM were 2390, 
2381, 2362 kcal/kg, respectively, at T2, T3 and T4 (mean = 2377 kcal/
kg, CV = 3.20%). AMEn values for ACM were 2120, 2110, 2101 kcal/
kg, respectively, at T2, T3 and T4 (mean = 2110 kcal/kg, CV = 3.57%). 
The additivity rule underlying the calculus made in metabolism trials 

could be stated in the present ACM evaluation. It is supposed that ACM 
was not harmful for broilers.

Key Words: alternative feedstuff, castor bean meal processing, fibrous 
by-product, metabolism trial, poultry

P412   Color and sensory attributes of meat from broilers 
fed sweet potato root meal. J. R. Bartlett*, R. C. Beckford, N. L. 
Dawkins, E. G. Rhoden, V. A. Khan, and K. M. Liles, Tuskegee Uni-
versity, Tuskegee, AL.

This study utilized sweet potato root meal (SPRM) as a partial replace-
ment for corn in the diet of broilers to determine its effect on color and 
consumers’ sensory perceptions of the meat. The SPRM was analyzed for 
nutrient composition and rations formulated to replace 0% (Diet A); 10% 
(Diet B); 20% (Diet C); and 30% (Diet D) corn in the diet. Birds were 
fed for 49 d and slaughtered on d 50. Breast, leg, and thigh were evalu-
ated for color (L* a* b*) using a Konica Minolta Chromameter. Sensory 
evaluation was assessed utilizing dark (leg and thigh) and white (breast) 
meat. Samples were cooked at 176.67°C to an internal temperature of 
73.9°C. Sixty-two panelists representing different demographics (age, 
sex, education, and income) evaluated juiciness, tenderness, flavor, and 
acceptability. Results showed that in the leg, L* and b* were similar for 
diets A, B and D, with no differences among treatments for a*. For thigh, 
there were no differences among treatments for L* and b*, however, a* 
were similar in diets B and C. In the breast, there were no differences 
for L* and a*. For b*, diet A was higher (P < 0.05) than diets C and D. 
Sensory attributes of dark meat were not affected by income, sex, and 
education. Respondents >70 years old rated the flavor significantly lower 
in the control. For white meat, those earning P < 0.05) juicy than diets B 
and D. Males found no differences in tenderness, flavor, and acceptability 
of white meat; however, diet C was less (P < 0.05) juicy. Females found 
diet C to be less (P < 0.05) acceptable. Educational level had no effect 
on the tenderness, juiciness, and acceptability of white meat; however, 
those in ‘some college’ and ‘college degree’ categories rated diet C as 
less (P < 0.05) juicy. The <18 and 18–29 age group rated white meat 
from diet C to be less (P < 0.05) tender and juicy. The SPRM could be 
an acceptable alternative to corn in broiler diets.

Key Words: sweet potato root meal, sensory evaluation, color, broiler, 
demographics

P413   Performance and meat quality of broilers fed different 
types of fat. K. M. Liles*, J. R. Bartlett, R. C. Beckford, K. Washing-
ton, E. G. Rhoden, and V. A. Khan, Tuskegee University, Tuskegee, AL.

Fat is an important ingredient in poultry diets. The use of oils and fats 
in the diet of broilers may influence the performance as well as the 
composition and quality of the carcass. In birds, body fat composition 
is similar to fat from the diet because dietary fats generally remain 
unchanged. Therefore, this study was conducted to evaluate BW gain, 
feed intake, feed efficiency, average daily gain, average daily intake, 
dressing percentage, non-carcass components (internal organs, feet and 
neck) and meat quality (protein, fat, moisture, ash, color) of broilers 
fed different types of fat. This study utilized 180 1-d-old Cornish Rock 
male broiler chicks that were wing-banded, weighed, and randomly 
assigned to 1 of 4 dietary treatments (diet A = poultry fat (PF), diet B = 
peanut oil (PO), diet C = vegetable oil (VO), diet D = canola oil (CO)). 
Each treatment consisted of 45 birds with 3 replications of 15 birds. 
Body weights and feed intake were recorded weekly. After 49 d, birds 
were slaughtered and non-carcass components harvested and weighed. 
Samples from each treatment were analyzed for color, moisture, fat, 
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ash, and protein. Results showed no significant differences among 
treatments for total feed intake, average daily intake, total body weight 
gain, average daily gain, and feed efficiency. Dressing percentage and 
non-carcass components were not significantly different among treat-
ments. No significant differences were found among treatments for 
protein, ash, fat, and moisture. Color was not significantly different 
for L* (lightness) and a* (redness) values among treatments, however, 
PF was different (P < 0.05) from CO for b* (yellowness) values with 
readings of 11.28 and 4.92, respectively. This indicated that broilers fed 
PF developed more yellow pigmentation compared with those fed CO. 
Based on the parameters evaluated in this study; the 4 fat sources had 
similar impact on the performance of broiler chickens.

Key Words: broiler, fat, meat quality, performance, color

P414   Performance and egg quality from Japanese quail fed 
autoclaved castor bean meal. A. C. S. Pimentel1, M. C. M. M. 
Ludke*1, J. V. Ludke2, C. B. V. Rabello1, J. C. N. Santana1, A. G. 
Faria1, and P. S. Pereira1, 1Universidade Federal Rural de Pernam-
buco, Recife, Pernambuco, Brazil, 2Embrapa Swine and Poultry, Con-
córdia, Santa Catarina, Brazil.

The experiment was run to evaluate the effect of increasing levels of 
autoclaved castor bean meal (ACM) in Japanese quail (Coturnix coturnix 
japonica) diets. During the laying phase egg production and quality 
traits were evaluated in 3 cycles of 21 d. Quails (n = 210) were selected 
by production and weight uniformity and distributed in a completely 
randomized design with 5 treatments (0, 7, 14, 21 or 28% of ACM in 
diet), 7 replicates of 6 quails per plot. The ACM were produced by 
mixing of 6% calcium oxide to untreated castor bean meal, cold water 
adding (1:1 w/w), autoclaving (1.23 kgf/cm2 by 90 min), sun drying 
and grinding. ACM had 90.30% dry matter, 27.92% crude protein 
(CP), 27.62% crude fiber, 9.68% ether extract, 4.95% calcium, 0.89% 
phosphorus and 2267 kcal/kg of metabolizable energy (ME, value 
determined in quail metabolism trial). The diets were isoproteic (22% 
CP), isoenergetic (2850 kcal of ME/kg) and formulated to a total amino 
acid basis. Parameters evaluated were: feed intake (FI, g/bird/day), egg 
production rate (EPR, %), egg weight (EW, g), egg mass (EM, g/bird/
day), feed to egg mass ratio (FEM, g/g) and feed to dozen egg ratio 
(FDE, g/dozen), specific gravity (SG), Haugh unit (HU), yolk weight 
(YW, g) and percentage (YP, %), shell weight (SW, g) and percent-
age (SP, %), shell thickness (ST, mm), albumen weight (AW, g) and 
percentage (AP, %). Data were evaluated by ANOVA and polynomial 
regressions at 5% of probability were performed. Results showed no 
significant differences (P > 0.05) in FI, FDE, ST, HU, AP and YP. The 
EPR (P = 0.0234), EM (P = 0.0142), FEM (P = 0.0034) and AW (P = 
0.0264) had quadratic effects with the best level at 14.10%, 14.13%, 
20.93% and 13.95% of ACM, respectively, giving a maximum of EPR 
of 90.92%, EM of 9.8 g/d, the best FEM of 2.86 g/g and maximum AW 
with 6.12 g. But, EW, SG, SW and SP and YW showed that increasing 
ACM in diet reduced lineally (P < 0.001) these parameters. ACM can 
be used in feed for laying Japanese quails at levels up to 14% without 
compromising the main production parameters.

Key Words: alternative feedstuff, Coturnix coturnix japonica, egg 
production, feedstuffs processing

P415   Determination of volatile fatty acid profile in the ceca, 
large intestine, and fecal material of broilers fed diets contain-
ing different ingredient profiles. H. Walters*1, M. P. Williams1, T. 
A. Wickersham2, J. Klein1, and J. T. Lee1, 1Department of Poultry 

Science, Texas A&M Agrilife Research, College Station, 2Department 
of Animal Science, Texas A&M Agrilife Research, College Station.

Producers are including alternative feed ingredients in an effort to 
reduce diet costs. Understanding digestive and metabolic changes with 
inclusion of alternative feed ingredients is essential to their inclusion. 
Therefore, an experiment was conducted to evaluate volatile fatty acid 
(VFA) concentration in the ceca, large intestine and fecal material of 7 
week old broiler males fed distillers’ grains. The experiment consisted 
of 3 dietary treatments to include a standard corn soybean meal diet, 
a diet containing 15% de-oiled dried distillers grains with solubles 
(LO-DDGS), and diet containing 15% dried distillers grains (DDG) 
all formulated to be iso-nitrogenous and iso-caloric. These diets were 
selected in an effort to influence gastrointestinal tract fermentation with 
increasing diet fiber levels. At 7 weeks of age, 10 broilers per dietary 
treatment were moved to individual bird cages to allow for fecal col-
lection. To determine the effect of collection time on VFA recovery, 
feces were collected immediately upon defecation, 15 min, and 30 min 
following defecation. Upon collection of the fecal material, each broiler 
was killed and large intestine and ceca removed for sample collection. 
VFA concentration and profile were compared with via Analysis of 
Variance using the General Linear Model. Total VFA production was 
elevated with the addition of 15% LO-DDGS and DDG in the large 
intestine and ceca with a significant increase being observed in the fecal 
material. Additionally, the percentage of acetate was reduced while the 
percentage of butyrate was increased with the inclusion of DDGS and 
DDG as compared with the corn soybean meal diet. Regression analysis 
of the fecal VFA recovery showed that increasing sampling times did 
not influence VFA recovery as the slope within each treatment was 
zero. These data confirm that fecal VFA profile and concentration are 
influenced by dietary ingredient profile.

Key Words: broiler, distillers grain, volatile fatty acid

P416   Evaluation of a post-extraction algal residue as a feed 
ingredient in broiler and laying hen diets. J. Price*1, T. A. Wick-
ersham2, M. P. Williams1, J. Klein1, and J. T. Lee1, 1Department of 
Poultry Science, Texas A&M Agrilife Research, College Station, 
2Department of Animal Science, Texas A&M Agrilife Research, Col-
lege Station.

Two experiments were conducted to evaluate the inclusion of post-
extraction algal residue (PEAR) in laying hen and young broiler diets. 
The PEAR was determined to contain 20.2% crude protein, 6.18% 
calcium, 6.61% sodium, and 1.56% fat and a complete amino acid, 
vitamin, and mineral analysis was conducted before diet formulation. 
In experiment 1, 5 increasing concentrations (0, 5, 10, 15, and 20%) of 
PEAR were included in 31 week old White Leghorn laying hen diets. 
Hens were fed the diets for a period of 5 weeks. During the experi-
ment, parameters evaluated included weekly feed consumption, egg 
production, egg weight, interior egg quality. All data were analyzed 
via a one-way Analysis of Variance using the General Linear Model. 
Increasing concentrations of PEAR had no effect of egg production 
or feed consumption throughout the experiment, however, yolk color 
was increased (P < 0.05) with the feeding of 10% PEAR following 2 
weeks of consumption. In experiment 2, 5 increasing concentrations 
(0, 2.5, 5, 7.5, and 10%) of PEAR were fed to broilers through 3 weeks 
of age to determine the effect on feed consumption, body weight, 
and feed conversion ratio. Additionally, fecal moisture percentage 
of evaluated on 20 d of age due to the high sodium content of the 
PEAR. Inclusion of PEAR did not negatively affect feed consump-
tion, body weight, or feed conversion ratio throughout the 3 week 
experiment however an increase (P < 0.05) in fecal moisture was 
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observed in the 7.5 and 10% dietary treatments. These data indicate 
that PEAR can be included in poultry diets without negatively affect-
ing performance and supports further investigation in longer laying 
hen and broiler experiments.

Key Words: laying hen, broiler, post-extraction algal residue

P417   Effectiveness of antibodies to fibroblast growth factor 
23-peptides in reducing chick excreta phosphate. T. R. Jarmes*1, 
M. Ebrahimi2, and M. E. Cook1, 1University of Wisconsin, Madison, 
2University of Tehran, Karaj, Iran.

Passively transferred antibodies against fibroblast growth factor 23 
(FGF23) peptide, AFLPGMNP, were previously shown to reduce 
the phosphate requirement of chicks. The objective of the present 
study was to determine the effect of passively transferred anti-FGF23 
peptide antibodies CFGF3 (VFFPGMNP) and CFGFT (HRNTRSAD) 
on excreta phosphate content. Hens (n = 3) were vaccinated with 
each peptide or a control and eggs were incubated following peak 
antibody titer. Chicks from each vaccine treatment were divided 
into > 6 pens per vaccine and fed a diet with either 0.13 or 0.36% 
available phosphate (n > 3 pens per diet and vaccine). Total excreta 
from each pen were collected on d 14 and analyzed for percent total 
phosphate. Excreta phosphate was reduced 24% in chicks fed 0.13% 
versus 0.36% phosphate (main effect of phosphate, P < 0.001). Chicks 
with CFGF3 or CFGFT antibodies had a 25% or 23% reduction, 
respectively, in excreta phosphate compared with control injected 
chicks (main effect of antibody, P < 0.001). Chicks with antibodies 
to CFGF3 and CFGFT had a 21% and 22% additional reduction in 
excreta phosphate when fed 0.13% phosphate as compared with chicks 
with antibody and fed 0.36% phosphate. Since FGF23 is known to 
reduce phosphate absorption and increase urinary phosphate excre-
tion, these data support that neutralization of FGF23 with antibody 
reduces total excreta phosphate.

Key Words: anti-FGF-23 antibody, phosphate requirement, excreta 
phosphate, chick, fibroblast growth factor 23

P418   Production and quality of eggs from broiler breeders 
with different feeding schedules. A. Londero, A. Rosa*, C. Santos, 
C. Vivas, C. Orso, G. Schirmann, H. de Freitas, and V. Manfio, Poul-
try Laboratory, Federal University of Santa Maria, Santa Maria, RS, 
Brazil.

The objective of this study was to determine the effects of 3 feeding 
schedules on egg production and quality of broiler breeders. The 
feeding schedules were: a single feeding at 0800 h; twice daily feed-
ing (50% at 0800 h and 50% at 1500 h) and single feeding at 1500 
h. The experiment had 546 females and 63 males Cobb 500 broiler 
breeders from 28 to 40 weeks of age. The experimental design was 
completely randomized, with 3 treatments and 7 groups of 26 females 
and 3 males. The nutritional requirements and management were to 
the recommendations of the lineage. The parameters evaluated were: 
total egg production, egg specific gravity, egg, shell, yolk, and albu-
men weight, eggshell thickness and breaking strength. A electronic 
outside micrometer 0.001 mm was used to measure the thickness of 
the eggshell. Laying rate was determined by 6 daily collections over 
the experimental period. The feeding schedules significantly affected 
egg production, egg weight and shell weight (P > 0.05). Total egg 
production was higher in birds fed at 0800 hand fed twice daily, than 
birds fed at 1500 h. The egg weight of birds fed at 1500 h was heavier 
than birds fed at 0800 h. The eggshell weight of broiler breeders fed at 

0800 h and twice was lower than 1500 h. The shell breaking strength 
was evaluated at 28, 32 and 36 weeks using TA.XT plus Texture Ana-
lyzer. A statistical difference was observed at 32 weeks, where broilers 
breeder fed at 0800 h and 1500 h showed the greatest resistance to 
shell breakage. It can be concluded that broilers breeders fed at 1500 
h produced low quantities of eggs, but these eggs were heavier than 
egg produced by other breeders.

Key Words: broiler breeder, feeding schedule, egg production, egg 
weight, eggshell

P419   Effect of increasing dietary inclusion of solvent-extracted 
B. napus or B. juncea meals for broilers grown to 35-d of age 
on nutrient mass balance and calculated nitrogen emissions. M. 
Oryschak*1 and E. Beltranena1,2, 1Alberta Agriculture and Rural 
Development, Edmonton, AB, Canada, 2University of Alberta, Edmon-
ton, AB, Canada.

The effect of increasing dietary inclusion of solvent-extracted B. 
napus (NAP) and B. juncea (JUN) meal on nutrient mass balance 
was determined using pens of mixed-sex broilers (Ross 308; n = 
1900) raised on litter to 35-d of age in a completely randomized 
design with 6 replicate pens per treatment. Treatment consisted of 
10, 20 or 30% dietary inclusions of solvent-extracted JUN or NAP 
and a common 0% canola meal control. Diets within each phase 
were formulated to contain similar levels of AME and digestible AA. 
Pen feed consumption combined with laboratory analysis of diets 
permitted calculation of total mass of nutrient input into the system 
as feed. On d 35, 15 birds of each sex per treatment were euthanized 
to determine whole body nutrient content, which was multiplied by 
total pen wt on d 35 to calculate total nutrient retained in bird mass. 
On d 35, litter in all pens was collected, weighed, mixed thoroughly 
and sampled to determine total mass of nutrient retained in litter. 
The difference between nutrient input (feed), nutrient removed (bird 
mass) and nutrient retained (litter nutrient mass) was assumed to be 
lost through volatilization. Data were analyzed using the MIXED 
procedure of SAS. Models included the fixed effects of canola type, 
dietary inclusion and the 2 way interaction, with block as the random 
term. Increasing dietary inclusion of either canola type linearly (P < 
0.01) increased total N content, but not ammonia-N (P = 0.65) in litter. 
Similarly, increasing dietary inclusion of either meal type linearly 
increased (P < 0.01) the percent of N intake recovered in litter, but 
did not affect calculated N emissions expressed either on the basis of 
wt of live bird (P = 0.24) or carcass (P = 0.22) on d 35. These data 
indicate that ammonia emissions do not necessarily increase with 
increasing canola meal inclusion, provided that diets are formulated 
on a digestible AA basis.

Key Words: canola meal, broiler, ammonia, nutrient mass balance

P420   Evaluation of Camelina sativa meal as a feedstuff for 
layers: Effects of increasing dietary inclusion and layer strain 
on feed intake, egg production and physical egg quality. M. 
Oryschak*1 and E. Beltranena1,2, 1Alberta Agriculture and Rural 
Development, Edmonton, AB, Canada, 2University of Alberta, Edmon-
ton, AB, Canada.

The effect of increasing dietary inclusion of expeller-pressed camelina 
meal (CAM; 32.6% CP, 11.5% fat, 35.6 µmol/g total glucosino-
lates) was studied in brown- and white-strain hens (n = 288; H&N 
International) housed 4 per cage in an egg layer battery (668 cm2/
hen). Dietary treatments consisted of 0, 5, 10, 15, 20 or 25% dietary 
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inclusions of CAM, which were each fed 6 replicate cages of each 
layer strain in a RCB design. Phase 1 diets (22–46 wk of age) were 
formulated to contain 2.8 Mcal AME/kg, 2.4 g AID Lys:Mcal AME, 
3.70% Ca, 0.43% available P, and other AID AA in recommended 
ratios to Lys. Egg production was measured daily, average egg wt 
weekly, and BW and ADFI every 4 weeks. Yield of egg components 
(shell, yolk, albumen) and objective egg quality (e.g., specific gravity, 
albumen height) were determined on eggs sampled midway through 
the 24-wk study period. All data were analyzed using the MIXED 
procedure of SAS. Models included the fixed effects of CAM inclu-
sion, strain and the 2-way interaction, with block as the random term. 
There was no interaction between strain and dietary treatment for any 
performance or egg quality variable (P > 0.10). For the overall 24-wk 
study, ADFI was lower for the 25% CAM regimen compared with 
other levels (P < 0.01). Laying percentage was higher for the 5 and 
10% CAM levels compared with all other regimens (P < 0.05). As 
CAM inclusion increased, there was a linear reduction in average egg 
wt and daily egg mass production (P < 0.01), which was attributable 
to a linear reduction in albumen wt (P < 0.01). There was no effect 
of CAM inclusion on any other objective measure of egg quality or 
wt of egg components (P > 0.10). Results of the present study indi-
cate that increasing CAM inclusion did not result in feed refusal and 
supported acceptable laying hen productivity. More accurate nutrient 
digestibility coefficients in CAM for layers are necessary to optimize 
use in laying hen diets.

Key Words: camelina meal, laying hen, performance, egg quality

P421   Evaluation of Camelina sativa meal as a feedstuff for 
layers: Effects of increasing dietary inclusion, copper supplemen-
tation and layer strain on post-mortem signs of toxicity, organ 
weights and serology. M. Oryschak*1, C. Christianson1, and E. Bel-
tranena1,2, 1Alberta Agriculture and Rural Development, Edmonton, 
AB, Canada, 2University of Alberta, Edmonton, AB, Canada.

The effect of increasing dietary inclusion of expeller-pressed camelina 
meal (CAM), bird strain and Cu supplementation was studied in laying 
hens (n = 432; H&N International) in 2 concurrent performance experi-
ments. In experiment 1, white- and brown-strain layers were fed diets 
including 0, 5, 10, 15, 20 or 25% CAM. In experiment 2, brown layers 
from EXP 1 were compared with a second group of brown layers that 
received identical CAM inclusions supplemented with Cu (125 ppm). 
Both EXP 1 and 2 were RCB designs with 6 replicate cages (4 birds/
cage) per treatment. After 9 wk on test, a single bird was randomly 
selected from each test cage to obtain a blood sample, after which it 
was euthanized by injectable barbiturate. Euthanized birds were sent 
for post-mortem examination by a veterinary pathologist (blind to 
treatment) to look for signs of CAM or Cu toxicity and to measure wt 
of key organs (e.g., liver, heart, pancreas). Continuous variables and 
necropsy findings were analyzed using the MIXED and GENMOD 
procedures of SAS, respectively. Models included the main effect of 
dietary CAM inclusion, bird strain (EXP 1) or copper supplementation 
(EXP 2) and 2-way interactions. Block was included as a random term 
in MIXED models. Post mortem examination of tissue morphology 
(including the thyroid) did not suggest toxicity of either CAM inclu-
sion or Cu supplementation (P > 0.10). Pancreas wt (% of total BW) 
increased with increasing CAM inclusion (P < 0.01) in both EXP 1 and 
2. Plasma T3 concentrations in the 25% CAM regimen were lower than 
all other regimens in EXP 2 only (P < 0.03). Other than a small increase 
in heart wt (% of BW, P < 0.01), dietary Cu supplementation had no 
effect on any variable (P > 0.10). The dietary inclusion of CAM up to 

25%, with or without Cu supplementation, did not result in evidence 
of toxicity in laying hens.

Key Words: camelina meal, copper, laying hen, toxicity

P422   A comparison of B. napus and B. juncea meals and their 
air-classified fractions: Growth performance, carcass traits and 
measured AME in growing broilers. M. Oryschak*1 and E. Beltran-
ena1,2, 1Alberta Agriculture and Rural Development, Edmonton, AB, 
Canada, 2University of Alberta, Edmonton, AB, Canada.

Nutrient digestibility, growth performance and carcass traits were 
compared among broilers (n = 834; Ross × Ross 308) housed in a 
modified pullet battery and fed dietary regimens consisting of B. 
napus (BN) or B. juncea (BJ) meals or their respective heavy (HF) 
and light (LF) air-classified fractions in a 2 × 3 factorial arrange-
ment. Diets within each phase (d 8–14; d 14–35) consisted of 30% of 
1 of the 6 test ingredients and 70% of a phase-specific concentrate, 
which included Cr2O3 as an indigestible marker. Nutrient and energy 
digestibility in the concentrates was determined concurrently using an 
additional 6 pens of birds (17 birds/pen). A matrix AME value of 2.0 
Mcal/kg was assumed for all test ingredients. Each treatment appeared 
once per block in a RCB design with 6 replicate cages (22 birds/cage) 
per treatment. Excreta were collected for the 48-h preceding digesta 
collections on d 14 (10 birds) and d 28 (7 birds) to produce a single 
pooled specimen of each per test cage for each collection period. 
Remaining birds in each pen (5 birds) continued on test until d 35, at 
which time they were slaughtered to determine dressing percent and 
yield of carcass components. All data were analyzed using the MIXED 
procedure of SAS. Statistical models included the fixed effects of 
canola species (BN or BJ), product (meal, HF or LF) and the 2-way 
interaction, with block as the random term. There was no effect of 
canola species on ADFI or ADG (P > 0.10), though G:F was higher 
for BJ compared with BN (P < 0.05). The ADFI of birds fed meal 
was lower than either HF or LF (P < 0.01), which resulted in higher 
G:F for the LF compared with meal (P < 0.03). Calculated AME of 
BJ was higher than BN in both phases (P < 0.01). In both phases, LF 
had the highest calculated AME of all 3 products (P < 0.01). Canola 
species did not affect carcass yield (P > 0.10), however breast yield 
was lower for LF compared with either meal or HF (P < 0.05). These 
results suggest that different matrix AME values are warranted when 
formulating broiler diets with high dietary inclusions of these canola 
products.

Key Words: canola meal, air-classification, fraction, performance, 
carcass

P423   Effect of varying dietary calcium and phosphorus levels 
on performance of French Guinea fowl broilers. S. Nahashon* and 
Q. Puckett, Tennessee State University, Nashville.

The demand for guinea fowl as alternative poultry has been steadily 
increasing worldwide. However, their production performance lags 
that of other commercial avian species partly because there is insuf-
ficient knowledge of their nutrient requirements. The objective of this 
study was to evaluate the dietary calcium and phosphorus requirement 
for optimum growth performance of the French guinea fowl broiler. 
In a 4 × 3 factorial arrangement of dietary treatments, 540 1-d-old 
French guinea keets were assigned to brooding cages and fed diets 
containing 0.6, 0.8, 1.0 and 1.2% calcium each in combination with 
0.32, 0.4, or 0.48% available phosphorus. The diets which were fed 
for 8 weeks were isocaloric and isonitrogenous and they contained 
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3,100 ME Kcal/kg and 23% CP and 3,150 ME kcal/kg and 21% CP 
at 0–4 and 5–8 weeks of age, respectively. The diets were replicated 
4 times and both feed and water were provided at free choice. The 
birds were reared on a 23 h lighting regimen at hatch to 8 weeks of 
age. Experimental birds were observed for feed consumption (FC), 
body weight gain (BWG), and feed conversion ratio (FCR), bone 
breaking strength (BBS), bone ash (BA) and carcass weight (CW). 
Body weight gain, CW, BBS and BA were higher (P < 0.05) and FCR 

was lower in birds fed 0.6% calcium or higher and 0.4% available 
phosphorus or higher. Optimal performance was observed in birds 
fed the 0.6–0.8% calcium and 0.4–0.48% available phosphorus diets. 
The French guinea fowl broilers also seem to tolerate diets contain-
ing lower dietary concentrations of calcium but not phosphorus when 
compared with chickens.

Key Words: French Guinea fowl, calcium, phosphorus, requirement, 
poultry
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Metabolism and Nutrition: Vitamins and Minerals

P424   Broiler production without medication and vaccination. 
O. Radboy1, S. Rahimi*1, M. A. Karimi Torshizi1, and A. Rahimi2, 
1Tarbiat Modares University, Tehran, Iran, 2Islamic Azad University, 
Tehran, Iran.

Antibiotics have been common feed additives in poultry rations as 
growth promoters to improve performance via reducing burden of 
pathogens. However, it has been increasing pressure to reduce or 
even eliminate antibiotic usage in poultry feed due to the negative 
human health issues of antibiotic resistance. Safe broiler production 
without medication and vaccination was conducted at present study. 
The effect of vitamins and minerals deficiency was also investigated. 
One hundred eighty day-old male broilers were used on a randomized 
complete block design experiment with treatment consisting of 3 rep-
lication and 10 chicks per pen. The birds were housed in floor pens. 
The experiment was designed as following groups: 1) negative control 
(not receiving any drugs, growth promoters, vaccines, feed additives, 
extra vitamins or minerals); 2) basal diet + vaccines: IB, ND and IBD; 
3) basal diet + multivitamins (2.5%) and multiminerals (2.5%) (Razak 
Co., Tehran, Iran); 4) basal diet + multiminerals (2.5%); 5) basal diet 
+multivitamins (2.5%); 6) positive control (basal diet + vaccines: IB, 
ND and IBD + multivitamins (2.%5) + multiminerals (2.5) + antibiotic 
(15 ppm virginiamycin). Vaccinated and unvaccinated groups were 
kept in separate rooms. The following parameters were measured: 
BW, FI, FCR, carcass yield, breast, thigh, liver, bursa of Fabricius, and 
abdominal fat relative weight. Immune response to SRBC in 27 and 42 
d and toes ash percentage at 42 d of age was also measured. Analysis 
of results showed that, there was significant difference between treat-
ments in BW, FI, FCR, carcass yield, breast, thigh, liver, spleen, bursa 
of Fabricius and abdominal fat relative weight. Antibiotic treatment had 
highest BW, lowest FCR and highest antibody titer against SRBC (P < 
0.05). The result of this experiment showed that deficiency of minerals 
and vitamins or vitamins alone had a significant effect on performance 
parameters and SRBC antibody titer, while minerals deficiency alone did 
not show great effect on growth performance and antibody titer against 
SRBC. No significant differences were seen in performance parameters 
and SRBC antibody titer among vaccinated and no vaccinated groups.

Key Words: broiler production, drugs and vaccines, performance, 
vitamins and minerals

P425   Levels of organo minerals in broiler diets. R. A. Vieira*, 
M. I. Hannas, L. F. T. Albino, H. S. Rostagno, D. L. Silva, and V. 
Ribeiro Júnior, Federal University of Viçosa, Viçosa, Minas Gerais, 
Brazil.

With the objective of evaluate the use of nutritional programs containing 
chelated minerals (QM) and selenium yeast (SeY) in the diet of broilers, 
1760 male broiler were randomized into 8 treatments and 10 replicates of 
22 birds. The treatments consisted of a diets with inorganic micro miner-
als (IM) from 1 to 42 d (T1- Zn:90mg, Mn:90mg, Cu:10mg, Fe:60mg, 
I:1mg, Se:0.4mg), a diet with IM from 21 to 42 d (T2) at the same levels 
as in T1, a diet with no micro mineral supplementation (T3), and 5 diets 
containing QM (Zn, Mn, Fe, Cu) and SeY in which the micro minerals 
were supplemented at different levels and average of 11, 22, 33, 45 and 
56% (T4 to T8) of the concentration of IM (T1). From 1 to 21 d, all the 
birds in treatments 2 to 8 were fed diets supplemented exclusively with 
QM and SeY at 33% of T1. The performance parameters assessed were: 
weight gain (WG), feed intake (FI), feed conversion (FCR) and livability 

(LIV). At the end of each phase, 2 birds from each experimental unit 
were slaughtered and tissue samples were collected for further analysis 
of the concentration of minerals in tibia, breast, and liver. Samples of the 
excreta (litter) were also collected to assess mineral levels. The use of 
the QM and SeY at 22% (T5) of the average percentage of IM ensures 
the same performance and tissue mineral levels of the diets containing 
IM from 1 to 42d (T1) and 21 to 42d (T2), and provides less excretion 
of micro minerals that pollute the environment.

Table 1. Performance and mineral concentration in litter

Treatment

Performance Parameter

 

Litter (ppm)  
FI(kg) WG(kg) FCR LIV(%) Cu Zn Fe  

1 3.50 2.04A 1.72B 99.6 82.3A 384.4A 823.9A  

2 3.52 2.03A 1.73B 99.1 79.1A 388.3A 863.7A  

3 3.46 1.92B 1.81A 98.7 30.4B 140.8D 570.7B  

4 3.49 1.98A 1.76AB 100 37.5B 189.7CD 576.0B  

5 3.53 2.03A 1.74B 100 40.9B 168.7CD 643.1B  

6 3.50 2.01A 1.74B 99.1 55.3AB 202.8CD 694.7AB  

7 3.54 2.02A 1.76AB 98.3 61.6AB 233.7BC 719.4AB  

8 3.54 2.04A 1.73B 97.4 67.9AB 274.2B 741.2AB  

P-value 0.1815 0.0004 0.0292 0.0955 0.0060 0.0000 0.0075  
A–DDifferent superscript letters in the same column are statistically different by 
the SNK test (P < 0.05).

Key Words: inorganic mineral, chelated mineral, selenium yeast, per-
formance, environmental pollution

P426   Effect of available phosphorus levels and sources of phos-
phates on the performance and bone mineralization of broilers in 
the starter phase. T. F. B. Oliveira*, A. G. Bertechini, L. V. Teixeira, 
A. N. Mayer, R. A. Castillo, and L. P. Naves, Federal University of 
Lavras, Lavras, MG, Brazil.

The objective of this work was to evaluate the performance and the bone 
mineralization of broilers, at 1 to 21 d of age, and the bioavailability of 
phosphorus in commercial phosphates utilized in the broilers feeding. 
A total of 2160 male chickens of one day old were distributed in a com-
pletely randomized design, in 12 treatments, with 6 replications of 30 
birds each. Phosphates evaluated were: microgranulated monocalcium 
phosphate A (MMPA) with 21% of P and 18% of Ca, microgranulated 
dicalcium phosphate A (MDPA) with 18.5% of P and 22.5% of Ca, 
monocalcium phosphate B (MPB) with 20% of P and 20.5% of Ca, 
microgranulated dicalcium phosphate B (MDPB) with 18% of P and 
23% of Ca, with 2 levels of available phosphorus (0.35 and 0.45%). 
For the evaluation of the relative bioavailability, the abscissa technique 
was used, and the MMPA was taken as standard (value of 100%), with 4 
levels of available phosphorus(0.25, 0.35, 0.45 and 0.55%). The abscissa 
method was calculated by the comparison of the abscissas corresponding 
to a previously chosen ordinate. The P source whose regression equation 
has the lowest x-value at one single y-value is the best biological source. 
Treatment effects were considered significant at P < 0.05. No interac-
tion was found for any of performance parameters. All the phosphates 
with 0.25% of available phosphorus levels propitiated similar weight 
gain to broilers and lower than the other levels. The MDPA had better 
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performance than the other sources. The MMPA and MDPA resulted in 
higher bone mineralization of broilers than the other phosphates. The 
MMPA and MDPA phosphorus sources presented few differences in 
the values of relative bioavailability of phosphorus when considering 
the body gain as a parameter, 100.00% and 98.80% respectively, but 
higher than the MPB and MDPB, 94.30% and 96.35% respectively. The 
MDPA resulted in the highest P availability (102.25%) considering the 
concentration of P in the tibia. Considering the response for bone ashes, 
P concentration in the tibia and body weight gain, the MDPA is a better 
P source due to the higher availability of this mineral.

Key Words: bioavailability, bone ash, performance, phosphorus source

P427   Evaluation of inorganic (sulfates) and organic (SQM) 
trace minerals zinc, copper and manganese in caged and colony 
laying hens. J. A. Garrett*1, M. D. Sims2, and G. A. Nunnery1, 1Quali-
Tech Inc., Chaska, MN, 2Virginia Diversified Research Corp., Harri-
sonburg, VA.

This study was conducted to determine if performance and quality 
of eggs produced over a 12 week period by “individually caged” and 
“colony group” laying hens 40 - 51 weeks of age were affected by poly-
saccharide organic trace minerals (OTM) when compared with sulfate 
class Inorganic trace minerals (ITM). Hens were housed 1/pen among 
40 individual bird (IB) cage-type pens or 52/pen among 4 colony bird 
(CB) pens. Hens were fed a single basal corn/soy/DDGS diet (15.15% 
CP and 2,804 Kcal ME/kg) supplemented with ITM or OTM to provide 
levels of 40 ppm Zn, 25 ppm Cu and 40 ppm Mn. The CB pens provided 
2.5 ft2/hen and the IB pens provided 2.25 ft2/hen (3.38 ft3 living space/
hen). Eggs from all 44 study pens were counted and weighed each day. 
Eggs were sampled at 14d intervals for: candling, shell strength, shell 
thickness, separated albumen/yolk weights and other egg quality traits. 
Feed intake (FI) was measured daily for CB pens and weekly for IB 
pens. Egg production % and total egg weights of all OTM hens were 
greater (P ≤ 0.05) than those of ITM hens. Among the IB pens, FI of 
OTM pens was lower (P ≤ 0.05) than FI of ITM pens. The FI/pen of 
both the OTM and ITM CB pens were not different (P > 0.05) as each 
pen received 118 g of feed/hen every morning and no orts remained 
24h later. Feed conversion per dozen eggs was significantly better (P ≤ 
0.05) for OTM hens than ITM hens. Egg mass, shell strength and shell 
thickness of eggs from OTM hens were greater (P ≤ 0.05) than those of 
ITM hens. Yolk color and albumen height were not different (P > 0.05) 
between OTM and ITM hens whereas % of grade AA eggs was best 
(P ≤ 0.05) for OTM hens. Neither separated yolk nor albumen weights 
were different (P ≤ 0.05) between ITM and OTM hens whereas the 
shell weights of those same eggs were heaviest (P ≤ 0.05) for OTM 
hens. There were no differences (P > 0.05) between candled ITM and 
OTM eggs. These data suggest that Week 40 - 51 performance and egg 
quality of OTM hens were optimized on comparison to ITM hens under 
both cage systems.

Key Words: caged hen, colony hen, inorganic mineral, organic mineral, 
sequestered mineral

P428   Effect of dietary manganese levels in bone mineraliza-
tion of broilers chickens. D. E. Faria*1, B. H. C. Pacheco1, K. M. 
B. Souza1, M. Pavesi1, M. T. Antunes2, and M. M. Natori1, 1Faculty 
of Animal Science and Food Engineering, Pirassununga, Sao Paulo, 
Brazil, 2Faculty of Veterinary Medicine and Animal Science, Piras-
sununga, Sao Paulo, Brazil.

Manganese participates in important functions in the animal body, espe-
cially related to bone matrix, and its deficiency can cause abnormalities 
in the legs and toes of birds, and incidence of perosis. This study aimed to 
estimate the manganese optimal level in bone mineralization of broilers 
at 21 and 42 d of age and to compare methods to quantify the degree of 
mineralization of bone (tibia, tarsal-metatarsal and phalanges), evalu-
ate test reliability, execution time and the effect of extraction of fat in 
determining these characteristics. Three hundred 20 d-old chicks were 
distributed in a completely randomized design with 8 treatments and 
5 replicates of 8 birds each. One diet did not include manganese and 
the other diets included levels of manganese sulfate (inorganic) were 
65 and 105 mg/kg and manganese methionine (organic) were 25, 45, 
65, 85, 105 mg/kg. Regardless of source and level, manganese did not 
interfere in the evaluated bone characteristics (weight, length and width 
of the tibia, the weight of the tarsus – metatarsus and the weight of the 
phalanges). The degree of bone mineralization increased in accordance 
to increased concentration of manganese in the diet, regardless the source 
in which those micro mineral were studied. Comparing the different 
methodologies there was an effect (P < 0.0001) of manganese organic 
at 21 d between the tibias, which also differed from tarso-metatarsal 
and the phalanges. For the organic manganese at 42 d and inorganic at 
21 and 42 d, the degree of mineralization found in the tibias (with and 
without fat extraction) differ from the tarso-metatarsal and the phalanges 
(with fat extraction). Therefore, there is no need for the extraction of 
fat of the tibia, obtaining lower execution time. The most appropriate 
method for determining the manganese content is through the use of tibia.

Key Words: avian, bone, mineral, nutrition

P429   Effect of dietary zinc levels in bone mineralization of 
broilers chickens. D. E. Faria*1, B. H. C. Pacheco1, P. T. Bravo1, K. 
M. R. Souza1, A. C. P. Carao1, and V. S. Nakagi1, 1Faculty of Animal 
Science and Food Engineering, Pirassununga, Sao Paulo, Brazil, 
2Faculty of Veterinary Medicine and Animal Science, Pirassununga, 
Sao Paulo, Brazil.

Zinc is a constituent of the metalloenzyme carbonic anhydrase and 
serves on acid-base balance in the body and in bone calcification. When 
there is deficiency of this trace element in the diet of birds, it can cause 
problems such as abnormalities of legs and fingers, demonstrating their 
important role in the formation of skeletal birds. This study aimed to 
estimate the zinc optimal level in bone mineralization of broilers at 21 
and 42 d of age and to compare methods to quantify the degree of min-
eralization of bone (tibia, tarsus-metatarsals and phalanges), evaluate the 
reliability of the test execution time and the effect of extraction of fat in 
the determination of these parameters. Three hundred 20 d-old chicks 
were distributed in a completely randomized design with 8 treatments 
and 5 replicates of 8 birds each. One diet did not include zinc and the 
other diets included levels of zinc sulfate (inorganic) were 60 and 100 
mg/kg and zinc methionine (organic) were 20, 40, 60, 80, 100 mg/kg. 
Regardless of source and level of zinc did not interfere in the evaluated 
bone characteristics (weight, length and width of the tibia, the weight of 
the tarsus – metatarsus and the weight of the phalanges). The degree of 
bone mineralization increased in accordance to increased concentration 
of zinc in the diet, regardless the source in which those micro mineral 
were studied. Comparing the different methodologies there was an effect 
(P < 0.0001) of zinc organic and inorganic at 42 d, where the degree of 
mineralization found in the tibias (with and without fat extraction) dif-
fered from tarso-metatarsal and the phalanges (with fat extraction). The 
lower execution time among the different methodologies studied was 
for the method that was not performed the fat extraction of the sample. 
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Therefore, there is no need for the extraction of fat of the tibia, obtaining 
lower execution time. The most appropriate method for determining the 
zinc content is through the use of tibia.

Key Words: avian, bone, mineral, nutrition

P430   Availability of dietary manganese levels for broilers chick-
ens at 17 and 38 days of age. D. E. Faria*1, B. H. C. Pacheco1, K. 
M. B. Souza1, M. Pavesi1, M. T. Antunes2, and P. T. Bravo1, 1Faculty 
of Animal Science and Food Engineering, Pirassununga, Sao Paulo, 
Brazil, 2Faculty of Veterinary Medicine and Animal Science, Piras-
sununga, Sao Paulo, Brazil.

Organic minerals are alternatives to the inorganic minerals. They are 
characterized by being linked to organic molecules, usually amino 
acids, which ensures better absorption. The objective of this study was 
to evaluate levels of manganese, organic and inorganic, on its avail-
ability in broilers at 17 and 38 d of age. Three hundred 20 d-old chicks 
were distributed in a completely randomized design with 8 treatments 
and 5 replicates of 8 birds each. One experimental diet did not include 
manganese and the other diets included levels of manganese sulfate 
(inorganic) at 65 and 105 mg/kg and manganese methionine (organic) 
with 25, 45, 65, 85, 105 mg/kg. There were no effects (P > 0.05) on 
dry matter intake of this mineral for birds at 17 and 38 d. There was an 
effect (P < 0.0001) for the consumption of manganese and manganese 
excreted/bird (P < 0.0001) in both age groups. The higher inclusion of 
organic mineral in the diets, induced higher manganese excretion rate at 
both ages. At 38 d, the amount of manganese (105 mg/kg) excreted from 
an organic source was lower in comparison to the same minerals in an 
inorganic source. Therefore, these findings suggest a better absorption 
of the organic micro mineral.

Key Words: avian, excreta, mineral, nutrition

P431   Comparison of the effect of organic and inorganic sele-
nium in diet of male broiler breeders on egg fertility, hatchability 
and embryonic mortality. M. Gholami*1, A. Golian1, and S. A. Mir-
ghelenj2, 1International Campus of Ferdowsi University of Mashhad, 
Iran, 2University of Tabriz, Iran.

An experiment was designed to compare the effect of organic and 
in-organic selenium in diet of male broiler breeders on fertility, hatch-
ability and embryonic mortality. Each diet was randomly offered to 3 
houses with 500 males each during the 42 to 49 weeks of age. Every 
house contained 6000 female broiler breeders of similar age. Inorganic 
(sodium selenite) and organic Se (Sel-Plex) was added at the rate of 0.3 
mg/kg of male diet. Fertility and hatchability of eggs were significantly 
(P < 0.05) increased when males fed diet supplemented with Sel-Plex 
as compared with those fed inorganic Se diet during the 42–49 weeks 
of age, whereas the exploded eggs in the incubator were similar (P > 
0.05). The percent of first grade hatched chicks (high quality) were not 
influenced (P < 0.05) by the male dietary Se supplementation. Addition 
of Sel-Plex to diet of male breeders significantly decreased (P < 0.05) 
the rate of embryonic mortality in the first 2 d of incubation, but not in 
other days of incubation period (P > 0.05).

Key Words: organic selenium, inorganic selenium, male broiler breeder 
diet, fertility, hatchability

P432   Influence of early feeding and complexed zinc supplemen-
tation on breast muscle satellite cell numbers. J. B. Hess*, W. D. 
Berry, and S. F. Bilgili, Auburn University, Auburn, AL.

This trial examined satellite cell proliferation in pectoralis major muscle 
of broiler chickens provided with or without access to feed and water 
in the hatcher before placement (Early Feeding) or fed a diet with or 
without a supplemented complexed zinc source (Availa Zn, Zinpro 
Corp., Eden Prairie, MN) to assess breast muscle growth. Treatments 
included A, Control; B, Early Fed; C, Added Complexed Zinc; D, Added 
Complexed Zinc and Early Fed. Each of the 4 trt was represented by 8 
pens of 10 male Ross × Ross 708 broilers. This required the placement 
of 1000 hatching eggs into 4 designated (A-D) and separated groups 
of 250 eggs each. As the birds hatched, groups B and D were provided 
the appropriate diets (and water) in hatching trays. All chicks were 
placed in Petersime batteries and fed a starter diet to 21 d. At 2 and 7 
d, 2 birds per pen were weighed and euthanized. Breast muscles were 
excised, weighed, frozen, sectioned and stained for estimation of satel-
lite cell number. At 21 d of age, remaining birds were transferred to 32 
floor pens and reared to 42 d. At 28, 35 and 42 d, 2 birds per pen were 
euthanized to measure breast meat development as a proportion of live 
body weight. Body weight was not increased by early feeding, but was 
increased in birds fed complexed zinc, particularly at 35 d. Satellite 
cell numbers at 2 d (% of total cells) were higher in birds given access 
to feed and water in the hatching trays (P = 0.0757) and in birds fed 
complexed zinc from placement (P = 0.0634), although birds fed com-
plexed zinc in the hatchers and during growout did not show the same 
trend. Satellite cells at 7 d were lower than at 2 d and no differences 
were noted between treatments. It is likely that satellite cell incorpora-
tion into myofibers ensued and cell hypertrophy had taken over as the 
sole mode of breast muscle growth by 7 d. Limited yield data did not 
capture expected improvements in breast meat yields at later ages with 
increased satellite cell recruitment.

Key Words: satellite cell, breast muscle, broiler, complexed zinc

P433   Riboflavin requirement of white Pekin ducks in corn-soy-
bean meal diet. M. Xie*1,2, J. Tang1,2, Z. G. Wen1,2, W. Huang1,2, and 
S. S. Hou1,2, 1Institute of Animal Science, Chinese Academy of Agri-
cultural Sciences, Beijing, China, 2State Key Laboratory of Animal 
Nutrition, Beijing, China.

A 21-d dose-response experiment was conducted with starter White 
Pekin ducks fed corn-soybean meal diet to reevaluate the riboflavin 
requirement of modern stain ducks. The analyzed riboflavin content 
of basal corn-soybean meal diet with no supplemental riboflavin was 
1.69 mg/kg. A total of 512 male one-day-old White Pekin ducks was 
assigned to 8 dietary treatments with 8 replicate pens of 8 birds per 
pen and these birds were given 0, 0.7, 1.4, 2.1, 2.8, 3.5, 7, 14 mg of 
supplemental riboflavin/kg of feed, respectively. Feed and water were 
provided ad libitum from hatch to 21 d of age. At 21 d of age, the weight 
gain, feed intake, feed/gain, and plasma and liver riboflavin of ducks 
from each treatment were measured. In our study, the growth depres-
sion, high mortality, and low plasma and liver riboflavin were observed 
in riboflavin-deficient ducks and these ill effects could be reduced by 
increasing dietary riboflavin levels. According to broken-line regression 
analysis, the riboflavin requirements of modern White Pekin ducklings 
fed corn-soybean meal diets from hatch to 21 d of age for weight gain, 
feed/gain, plasma riboflavin, and liver riboflavin were 2.77, 2.61, 3.81, 
3.19 mg/kg, respectively.

Key Words: duck, riboflavin, requirement

P434   Dietary calcium and phosphorus requirements of broiler 
chickens in the starter phase. E. Jiménez-Moreno1, C. R. Angel*1, 
W. Li1, S.-W. Kim1, M. Proszkowiec-Weglarz1, and N. E. Ward2, 
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1University of Maryland, College Park, 2DSM Nutritional Products, 
Parsippany, NJ.

The Ca and P requirements of broilers in the starter phase are not well 
defined. An experiment was done to determine the Ca and non phytate 
P (nPP) requirements for 2 broilers strains: Ross 708 (R) and Cobb 500 
(C) from 11 to 18 d of age. The treatments were a factorial arrangement 
of 3 Ca (0.60, 0.80, and 1.00%) and 5 nPP (0.24, 0.30, 0.36, 0.42, and 
0.50%) concentrations. Starting and ending BW of birds were 246 and 
605 g for R and 250 and 625 g for C. Requirement ranges were deter-
mined and estimated recommendations are shown below in parenthesis. 
Based on BWG, Ca requirements were the same for R and C (0.85%), 
and nPP ranged from 0.36 to 0.42% (0.36% for R and 0.42% for C). 
Ca requirements as mg Ca consumed/g BWG, ranged from 11.4 to 13.9 
(11.4) for R and C, and nPP as mg nPP consumed/ g BWG, from 4.7 
to 5.5 (4.7) and 4.8 to 5.6 (5.6) for R and C, respectively. Based on toe 
ash percent, Ca requirements were the same for R and C (0.95%) and 
nPP ranged from 0.46 to 0.48% (0.47%) for R and from 0.42 to 0.48% 
(0.42%) for C. Based on tibia ash percent, Ca requirements ranged from 
0.85 to 1.00% for both R and C (0.90% for R and 0.95% for C) and nPP 
from 0.42 to 0.48% (0.42%) for R and 0.36 to 0.46% (0.42%) for C. Ca 
requirements as mg Ca consumed/g BWG, ranged from 11.4 to 13.9 
for both R and C (13.0 for toe- and 12.2 mg Ca consumed/g BWG for 
tibia ash for R, and 13.1 for both toe and tibia ash for C). Based on toe 
ash percent, nPP requirements as mg nPP consumed/g BWG, was of 
6.3 for R and ranged from 5.6 to 6.4 (5.6) for C and based on tibia ash 
percent, from 5.6 to 6.4 (5.6) for R and 4.8 to 6.3 (5.6) for C. Ca to nPP 
ratios (g consumed/g consumed) and based on requirements for BWG 
were 2.39 and 2.05 for R and C, respectively. For bone ash percent, the 
ratios were 2.06 for toe ash and 2.19 for tibia ash for R and 2.35 for 
both toe and tibia ash for C.

Key Words: calcium, phosphorus, performance, starter phase, broiler

P435   Dietary calcium and phosphorus requirements of broiler 
chickens in the grower phase. E. Jiménez-Moreno1, C. R. Angel*1, 
W. Li1, S.-W. Kim1, M. Proszkowiec-Weglarz1, and N. E. Ward2, 1Uni-
versity of Maryland, College Park, 2DSM Nutritional Products, Par-
sippany, NJ.

More closely defining the Ca and P requirements of broilers for grower 
phase is essential for the optimization of bone development and growth 
performance as well as for optimum use of phytases in broiler diets. 
An experiment was done to determine the Ca and non phytate P (nPP) 
requirements for Hubbard 99 males by Cobb 500 females from 19 to 
26 d of age. Five Ca and 5 nPP concentrations were tested. The treat-
ments were as follows: 0.45% Ca and 0.11, 0.20, 0.28, 0.36, and 0.44% 
nPP; 0.58% Ca and 0.11, 0.20, 0.28, 0.36, and 0.44% nPP; 0.76% Ca 
and 0.14, 0.20, 0.28, 0.36, and 0.44% nPP; 0.92% Ca and 0.20, 0.28, 
0.36, 0.44, 0.60% nPP; and 1.05% Ca and 0.20, 0.28, 0.36, 0.44, and 
0.60% nPP. Diets were analyzed and all data analysis was run based 
on analyzed values. Each treatment was replicated 10 times (6 birds/
pen). Starting and ending BW of birds were 620 and 1,305 g and feed 
consumption was 894 g. Requirement ranges were determined and 
estimated recommendations are shown below in parenthesis. Based on 
BWG, Ca requirements ranged from 0.54 to 1.00% (0.72%) and nPP, 
from 0.20 to 0.46% (0.27%). Ca requirements as mg Ca consumed per g 
BWG, ranged from 7.09 to 13.54 (9.75 mg Ca consumed/ g BWG), and 
nPP as mg nPP consumed per g BWG, from 2.68 to 5.98 (3.62 mg nPP 
consumed/ g BWG). Based on toe ash percent, Ca requirements ranged 
from 0.77 to 0.90% (0.80%), and nPP from 0.39 to 0.47% (0.43%). Ca 
requirements as mg Ca consumed per g BWG, ranged from 10.52 to 
11.80 (10.93 mg Ca consumed/ g BWG), and nPP as mg nPP consumed 

per g BWG, from 5.12 to 6.15 (5.63 mg nPP consumed/ g BWG). Ca 
to nPP ratios expressed as g Ca consumed per g nPP consumed, based 
on requirements determined for broilers in grower phase were 2.70 for 
BWG and 1.94 for toe ash percent.

Key Words: calcium, phosphorus, performance, grower phase, broiler

P436   Efficacy of a novel phytase on performance, mineral 
digestibility and retention and bone mineralization of broiler 
chickens in the prestarter phase. E. Jiménez-Moreno1, C. R. 
Angel*1, S.-W. Kim1, M. Proszkowiec-Weglarz1, W. Li1, and N. E. 
Ward2, 1University of Maryland, College Park, 2DSM Nutritional 
Products, Parsippany, NJ.

The effect of phytase and dietary Ca concentration on performance, Ca 
and P digestibility and retention and bone mineralization was studied in 
Ross 708 broiler chicks from hatch to 212 g of BW and 250 g of FI. The 
experiment consisted of a factorial arrangement of 2 phytase supple-
mentation levels (0 and 500 Ronozyme HiPhos FYT/kg of diet, DSM 
Nutritional Products) and 3 Ca concentrations (0.85, 1.00, and 1.15%). 
These diets contained 0.59% P and 0.29% non phytate P (nPP). Two 
extra diets were formulated with mono calcium phosphate to achieve 
0.38 and 0.48% nPP at each Ca concentration to allow for regressions on 
the impact of nPP for phytase efficacy determinations. Each treatment 
was replicated 6 times (20 chicks/pen). A 2-way ANOVA was run with 
Ca concentration and phytase supplementation as fixed effects and their 
interaction tested. Performance, toe and tibia ash (%), Ca and P reten-
tion and apparent ileal digestibility were determined at d10. BWG and 
FI were reduced (P < 0.05) as Ca increased. Phytase supplementation 
increased (P < 0.01) BWG and FI. Neither Ca nor phytase supplemen-
tation had an effect on FCR. Toe and tibia ash (%) were reduced (P < 
0.01) as Ca increased. Phytase supplementation improved (P < 0.01) 
toe and tibia ash content (%). P digestibility was impaired (P < 0.01) 
when the 1.2% Ca diet was fed. Phytase supplementation improved 
(P < 0.01) P digestibility. Ca and P retentions were depressed (P < 
0.01) as Ca increased whereas these improved (P < 0.01) with phytase 
supplementation. Diet Ca concentration impacted phytase efficacy as 
determined based on toe ash with a greater efficacy determined in the 
diet with 0.85% Ca vs the diet with 1.00% Ca.

Key Words: phytase, calcium, performance, bone mineralization, broiler

P437   Impacts of dietary Ca on P digestibility in broilers fed diets 
with or without a 6-phytase from Buttiauxella spp. S.-W. Kim1, R. 
Angel*1, W. Li1, E. Jimenez-Moreno1, M. Proszkowiec-Weglarz1, 
and P. W. Plumstead2, 1University of Maryland, College Park, 2Dan-
isco Animal Nutrition, DuPont Industrial Biosciences, Marlborough, 
United Kingdom.

Poultry diets contain a proportion of Phosphorus (P) as phytate, the 
availability of which can be increased by supplementing feed with phy-
tase. However, utilization of phytate-P is influenced by dietary calcium 
(Ca) due to formation of Ca-phytate, or Ca-P complexes in the digestive 
tract that is pH dependent. The current study objective was therefore to 
evaluate effects of dietary Ca level on P digestibility of broilers in the 
presence or absence of a new 6-phytase derived from Buttiauxella spp. 
A corn SBM basal diet was mixed with no inorganic P added. Limestone 
was used to achieve different Ca concentrations. The diets with the 3 
highest Ca concentrations were tested with or without phytase (714 
FTU/kg feed). Broilers (Hubbard male × Cobb 500 females), raised 
in floor pens, were fed commercial diets to 26d and moved to battery 
pens (4 birds/pen; 9 pens/treatment). Test diets were provided for ad 
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libitum consumption for 32h following which the distal ileal content 
was collected for apparent Ca and P digestibility determinations. In diets 
without phytase, P digestibility and analyzed diet Ca were negatively 
correlated (R2 = 0.78) with intercept of 73.5 and slope of −52.07 at Ca 
concentrations up to 0.78% after which P digestibility did not change. 
P digestibilities were 60.1, 47.4, 41.9, 28.2, and 28.9% for diets con-
taining 0.17, 0.40, 0.55, 0.70, and 0.85% formulated Ca, respectively. 
Phytase addition improved P digestibility (P < 0.05) regardless of diet 
Ca, but increasing Ca concentration reduced P digestibility in the phy-
tase treatments. P digestibilities were 74.5, 68.2 and 67.6% for 0.55, 
0.70 and 0.85% Ca, respectively (P < 0.05; 74.5 > 67.6%). This study 
confirms that a negative correlation exists between Ca concentration and 
P digestibility and that the dietary Ca is influential on improvements in 
P digestibility from phytase.

Key Words: calcium, phosphorus, phytase, digestibility, broiler

P438   Method development to determine digestible calcium 
and phosphorus in single ingredients for poultry 1: Performance, 
blood and bone measures. M. Proszkowiec-Weglarz*1, R. Angel1, 
E. Jimenez-Moreno1, S.-W. Kim1, K. Miska2, and P. W. Plumstead3, 
1University of Maryland, College Park, 2USDA-ARS, Beltsville, MD, 
3Danisco Animal Nutrition, DuPont Industrial Biosciences, Marlbor-
ough, United Kingdom.

Little information is available on digestible Ca (dCa) and P (dP) values 
of individual feed ingredients for poultry, which is essential to maximize 
P utilization as well as phytase efficacy. To develop appropriate in vivo 
methodologies to determine Ca and P digestibility values, the optimum 
time of deficiencies of Ca or P on their metabolism and associated 
changes on bone mineralisation has to be understood. To determine 
the time course of changes associated with Ca and P deficiencies and 
imbalances in diets, birds were fed one of 6 diets for 96h starting at 11 or 
25d of age; SBM (soybean meal), LM (limestone), MCP (monocalcium 
phosphate), SBM/LM/MCP, SBM/LM and NFD (nitrogen, Ca and P 
free) diets containing 0.11, 0.65, 0.63, 0.63, 0.35 and 0% Ca, and 0.26, 
0, 0.86, 0.47, 0.26 and 0% total P, respectively. BW, FI, Ca and P intake 
(CaI and PI, respectively), plasma Ca (pCa) and P (pP), toe (ToA) and 
tibia ash (TbA) were measured at 0, 8, 16, 24, 32, 40, 48, 60, 72 and 96h. 
Birds fed SBM, SBM/LM/MCP and SBM/LM had higher (P < 0.05) 
BW and FI than birds fed LM, MPC or NFD at both ages. No patterns 
in plasma Ca, P and PTH concentrations were seen. Increases (P < 
0.05) in ToA over time was observed only at d11. Differences in ToA, 
at d11 were detected by 24 h between birds fed the SBM/LM/MCP as 
compared with those fed the NFD but this difference was detected only 
by 72h in 25d old birds. TbA differences (P < 0.05) between birds fed 
the SBM/LM/MCP and the NFD and SBM diets were detected by 24 
and 32h in 11 and 25d old birds, respectively. When the concentration 
of Ca was decreased from 0.63 to 0.35% in the SBM/LM/MCP and the 
SBM/LM diets, differences (P < 0.05) in TbA were detected by 48h 
at 11d and 72h at 25d. In summary, significant effects on TbA can be 
detected as early as 24h to 48h after feeding test diets to young broilers.

Key Words: Ca, P, deficiency, plasma, bone ash

P439   Method development to determine digestible calcium and 
phosphorus in single ingredients for poultry 2: Impact of time and 
diet Ca and P deficiencies on their digestibility. M. Proszkowiec-
Weglarz*1, R. Angel1, E. Jimenez-Moreno1, S.-W. Kim1, and P. W. 
Plumstead2, 1University of Maryland, College Park, 2Danisco Animal 
Nutrition, DuPont Industrial Biosciences, Marlborough, United 
Kingdom.

Little information is available on digestible Ca (dCa) and P (dP) values 
of individual feed ingredients for poultry, which is essential to maximize 
P utilization as well as phytase efficacy. To develop appropriate in vivo 
methodologies to determine Ca and P digestibility values, the optimum 
time of deficiencies of Ca or P on their metabolism and associated 
changes on digestive processes has to be understood. The effect of Ca 
and P deficiencies and imbalances on dCa and dP were tested by feeding 
one of 6 diets for 96h at 11 or 25 d of age: SBM (soybean meal), LM 
(limestone), MCP (monocalcium phosphate), SBM/LM/MCP, SBM/
LM and NFD (nitrogen, Ca and P free) diet containing 0.11, 0.63, 
0.63, 0.63, 0.35 and 0% Ca, and 0.26, 0, 0.86, 0.47, 0.26 and 0% total 
P, respectively. Apparent (A) and true (T) dCa and dP were measured 
at 0, 8, 16, 24, 32, 40, 48, 60, 72 and 96h. At both ages, no changes in 
SBM AdCa and AdP were observed with average AdCa and AdP of 61 
and 88% at d11 and 50 and 80% at d25, respectively. At d11, AdCa of 
SBM/LM ranged (P < 0.05) from 39% (24h) to 78% (40h) and AdP 
from 50% (24h) to 82% (60h). Increases (P < 0.05) in AdCa and AdP 
of SBM/LM/MCP were observed at 16 and 40h (57 to 74% and 56 to 
70%, respectively). AdCA in LM decreased from 64% to 37% (24–32h) 
and 48% (72–96h). AdCa in MCP increased at 24–32h (64 to 81%). At 
d25, SBM/LM AdCa averaged 53% while AdP increased (P < 0.05) 
over time from 53 to 69% (48–60h). AdCa decreased at 24h (34%) in 
comparison to 8–16 and 32–40h (55%) in SBM/LM/MCP fed birds while 
no changes in AdP were observed. AdCa for LM fed birds decreased until 
24h and then plateaued. AdCa in MCP fed birds varied (P < 0.05) from 
70% (16h) to 35% (96h) and AdP ranged from 78% (16h) to 59% (96h). 
In summary, both time and diet had significant effects on dCa and dP.

Key Words: Ca, P, digestibility, deficiency, nutrition

P440   Effect of available phosphorus levels and sources of phos-
phates on the performance and phosphorus digestibility of broil-
ers. T. F. B. Oliveira*, A. G. Bertechini, L. V. Teixeira, A. N. Mayer, 
J. A. Carrara, and G. A. Senra, Federal University of Lavras, Lavras, 
MG, Brazil.

A 21-d experiment was carried out with 1440 Cobb 500 broilers. Broilers 
were raised in 48 floor pens and at the age of 14 d, 6 birds per replicate 
were selected according to the pen weight average and moved to 48 
suspended cages. Eight diets were arranged in a factorial system of 4 × 
2 with 6 replicates per treatment. The corresponding factors were diet 
phosphate source, microgranulated monocalcium phosphate A (MMPA) 
with 21% of P and 18% of Ca, microgranulated dicalcium phosphate 
A (MDPA) with 18.5% of P and 22.5% of Ca, monocalcium phosphate 
B (MPB) with 20% of P and 20.5% of Ca, microgranulated dicalcium 
phosphate B (MDPB) with 18% of P and 23% of Ca, and 2 levels of 
available phosphorus (0.35, 0.45). The other nutrients were given to 
attend or succeed the NRC (1994) requirements. Mineral utilization of 
broilers was determined at the 18–21 d of ages by total excreta collection 
and the performance (weight gain, feed intake, feed conversion) was 
recorded at 21 d of age. Experimental data was subjected to ANOVA 
using the GLM procedure of SAS with P source, P level and their inter-
actions as fixed effects and cage as a random effect. Treatment effects 
were considered significant at P < 0.05. No interaction was found for any 
parameters evaluated. The performance of the broilers were worst when 
supplementing the feed with 0.35% of available P. The use of MMPA and 
MDPA resulted in better performance than the other sources. Although 
the absolute retention (g/bird/day) of Ca and P increased, the retention 
(as a proportion of intake) decreased with increasing diet P content at 
all sources. The digestibility of Ca and P increased when adding 0.45 
of available P compared with 0.35. The digestibility of Ca was higher 
when using the MMPA and MDPA. The MPB resulted in the worst P 
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digestibility among the sources. The results reinforce the superiority of 
the microgranulated phosphate. The MMPA and MDPA had superior 
results than the other sources independently of the level

Key Words: bioavailability, digestibility, performance, phosphorus 
retention

P441   Effect of different supplemental level of zinc from organic 
or inorganic sources on laying performance, eggshell quality and 
key factors of eggshell formation in laying hens. Y. N. Zhang*, S. 
G. Wu, H. J. Zhang, H. Y. Yue, J. Wang, and G. H. Qi, Key Labora-
tory of Feed Biotechnology of Ministry of Agriculture, Feed Research 
Institute, Chinese Academy of Agricultural Sciences, Beijing, China.

The purpose the current study was to evaluate the effect of different 
levels and sources of zinc on laying performance, eggshell quality and 
key factors of eggshell formation in laying hens. Five hundred four 
54-wk-old Hy-line laying hens were fed a basal diet with Zn level at 
29.07 mg/kg for 4 wks and then randomly allocated into one of the 7 
treatments: one basal diet (control) and Zn treatments supplemented with 
35, 70,140 mg/kg of zinc from either inorganic or organic sources. Each 
treatment had 6 replicates with 12 hens each. Experiment duration was 8 
wks. Egg production, feed intake and feed efficiency were not affected 
by treatments (P > 0.05).During the period of 5~8 wk, egg weights were 
markedly decreased in 70 or 140 mg/kg of zinc treatments compared with 
control or 35 mg/kg of zinc treatment (P < 0.05). Eggshell thickness was 
markedly improved with the increase of zinc addition irrespective of zinc 
sources (P < 0.05). Zinc addition had no effect on eggshell strength or 
eggshell stiffness (P > 0.05). Eggshell strength was higher in inorganic 
source than organic source at the end of 8 wk (P < 0.05). Eggshell 
index and percentage of shell were both increased with the increase of 
zinc level, and eggshell index from inorganic source were markedly 
higher than organic source at the end of 8 wk (P < 0.05). The carbonic 
anhydrase (CA) activity in serum and eggshell gland were noticeably 
improved by zinc addition (P < 0.05).The highest CA activity was found 
in the treatment with 70 mg/kg of zinc. The CA mRNA levels of the 
eggshell gland in 70 or 140 mg/kg treatments were higher than that of 
the control and 35mg/kg treatment (P < 0.05). The osteopontin (OPN) 
mRNA levels were noticeably influenced by both the source and levels 
of zinc (P < 0.05), and treatment with 70 mg/kg of zinc from inorganic 
source had the most abundant OPN mRNA. It is reasonable to assume 
that proper level and source of zinc could promote calcium deposition 
in eggshell by elevation of CA and OPN mRNA expression, and hence 
contribute to the improvement of eggshell quality.

Key Words: zinc, supplementation level, source, laying hen

P442   Effects of sources and levels of organic trace minerals in 
selected hematological parameters of laying hens. C. C. Miranda*2, 
D. R. S. Sartori1, J. R. Sartori2, C. Z. Garcia2, R. K. Takahira2, I. G. Gui-
marães3, E. V. Siloto2, V. B. Fascina2, V. C. Pelicia2, M. K. Maruno2, 
I. M. G. P. Souza2, D. A. Berto2, J. C. Russo2, J. C. R. Rezende2, and 
M. Rodrigues2, 1Institute of Biosciences, Unesp, Botucatu, São Paulo, 
Brazil., 2Faculty of Veterinary Medicine and Animal Science, Unesp, 
Botucatu, São Paulo, Brazil., 3Federal University of Goiás, Jataí, 
Goiás, Brazil.

This study was conducted to evaluate the effects of different mineral 
sources and levels in hematological parameters of Dekalb White hens 
40 to 52 weeks of age. A total of 192 birds were housed in a completely 
randomized design in plots subdivided in 3 cycles of 28 d each. The 
following treatments were applied: 1) without trace mineral supplement 

(0% Min); 2) 100% inorganic trace mineral (100% ITM); 3) 100% 
organic trace minerals (100% OTM); 4) 75% organic trace minerals 
(75% OTM); 5) 50% organic trace minerals (50% OTM); 6) 25% trace 
minerals (25% OTM). Each treatment consisted of 8 replicates of 4 
birds each. At the end of each cycle, blood samples were collected by 
puncture of brachial vein and stabilized by EDTA 5%. Hemoglobin (Hb), 
packed cell volume (PCV), red blood cells (RBC’s), mean corpuscular 
volume (MCV), mean corpuscular hemoglobin concentration (MCHC), 
and total plasma protein (TPP) were measured. There was no interaction 
between age of hens and the minerals studied. The minerals affected 
the PCV values. Higher PCV was observed in hens fed 75% OTM 
whereas hens fed without trace mineral supplement (0% Min) showed 
the lowest PCV (P < 0.0001). Age effects on hematological parameters 
PCV, Hb, MCHC, MCV and TPP were observed. The PVC values were 
reduced (P = 0.0081) in the first 2 cycles of laying, followed by a return 
to normal in the last cycle assessed. A decline   (P < 0.001) in Hb and 
MCHC was observed with birds increasing age. Moreover, both MCV 
(P = 0.0004) and TPP (P = 0.0116) were higher in hens at 52 weeks of 
age (last cycle). This study showed that different source and levels of 
organic trace minerals did not alter blood count of laying hens, but the 
age of birds induces changes in hematological parameters. These latest 
results are consistent with previous studies that showed effects of age 
of laying hens and climate on hematological variables.

Key Words: organic trace mineral, hematological parameter, laying hen

P443   Use of vitamin D3 and its metabolites in broiler feed on 
immunological parameters and intestinal morphometry use of 
vitamin D3 and its metabolites in broiler feed on immunological 
parameters and intestinal morphometry . A. F. Q. G. Guerra*, A. 
E. Murakami, I. C. Ospina-Rojas, and J. C. Fanhani, Universidade 
Estadual de Maring, Maring, Paran, Brazil.

Vitamin D3 acts by regulating calcium concentrations in animal blood 
and muscles; moreover, it is a potent immunomodulator and is important 
for the development of the small intestine. Vitamin D3 must be metabo-
lized following ingestion into 25-hydroxycholecalciferol (25(OH)D3) in 
the liver and subsequently into its active metabolite 1,25-dihydroxycho-
lecalciferol (1,25(OH)2D3) in the kidneys. These metabolites are cur-
rently commercially available as 1-α-hydroxycholecalciferol (1α(OH)
D3), a synthetic analog of the active metabolite 1,25(OH)2D3, which is 
converted into its active form in the liver. The aim of this experiment 
was to evaluate the effect of different vitamin D metabolites on immune 
response and intestine morphometrics of broiler chickens. A total of 
952 1-d-old male Cobb chicks were used, distributed in a completely 
randomized design with 4 treatments, 7 replications and 34 birds each. 
Four different metabolites of vitamin D were evaluated: D3, 25(OH)D3, 
1,25(OH)2D3 and 1α(OH)D3, providing 2000 and 1600 IU/kg feed of 
vitamin D in the initial and grower periods, respectively. The different 
vitamin D metabolites did not affect the relative weight of the organs, 
except for the weight of the intestine and liver at 21 and 42 d. There was 
a significant effect (P < 0.05) of the different vitamin D3 metabolites 
on villus length of the jejunum and ileum at 7 d, between animals fed 
with 1,25(OH)2D3 and 1α (OH)D3 for the jejunum and 1,25(OH)2D3 and 
vitamin D3 for the ileum (P < 0.05). There were no differences (P > 0.05) 
in the weight of lymphoid organs, cutaneous basophil hypersensitivity 
reaction, macrophage activity assessment, measurement of nitric oxide 
and the heterophil-to-lymphocyte ratio. The different sources of vitamin 
D affected intestine morphometrics in the initial phase, but the effect 
was not observed in other phases. Immunological parameters were not 
affected by vitamin D3 metabolites.

Key Words: broiler, cholecalciferol, macrophage
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P444   Effects of incubation temperature profiles and trace min-
eral source on broiler performance. M. J. Da Costa*1, E. O. Oviedo-
Rondon1, C. B. V. Rabello1,2, W. Nogueira1,3, J. Barbosa1,4, and K. 
Claassen1, 1North Carolina State University, Department of Poul-
try Science, Raleigh, 2Universidade Federal Rural de Pernambuco, 
Recife, Pernambuco, Brazil, 3Universidade Estadual Paulista, FVMZ, 
Jaboticabal, Sao Paulo, Brazil, 4Universidade Federal de Santa 
Maria, Santa Maria, Rio Grande do Sul, Brazil.

Incubation temperatures (TEM) and dietary trace mineral (TM) sources 
and levels of inclusion have been reported to impact broiler performance. 
One experiment was conducted to evaluate the effects of 2 TEM profiles 
and 2 TM sources on broiler performance at 21 d. One thousand eggs 
of Ross 708 breeders were divided in 2 groups and incubated follow-
ing 2 TEM profiles to either maintain eggshell TEM at 38.0 ± 0.3°C 
(S) or have eggshell TEM similar to the ones observed in multistage 
machines (LH). This second profile had low (36.9 ± 0.3°C) eggshell 
TEM for the first 3 d, and standard TEM until the last 3 d when they 
endured elevated (38.9 ± 0.3°C) eggshell TEM. At hatch 168 males per 
TEM were weighed, identified with a neck tag and placed in 24 battery 
cages with 7 chickens per cage. The 48 cages were then assigned to 2 
TM dietary treatments, one with inorganic sources of Zn, Cu, and Mn 
(ITM) at commercial levels of inclusion (120, 10, 120ppm, respectively) 
and other with an organic (OTM) source of these minerals chelated with 
2-hydroxy-4-(methylthio)butanoic acid (HMTBA) using reduced levels 
of inclusion (32, 8, 32ppm, respectively). Individual BW and group 
feed intake (FI) were obtained at 7 and 21 d of age to obtain BWG and 
FCR. Data were analyzed in a CRBD with a 2x2 factorial design with 
incubation TEM profile and TM source as main factors. Results indicated 
that LH chickens were heavier (P < 0.01) than S chickens at hatch, but 
with more residual yolk. Though, S TEM chickens were heavier (P < 
0.05) at 7 and 21 d. Furthermore, FCR was improved (P < 0.05) when 
chickens were incubated under S. Effects (P < 0.05) of dietary treat-
ments were observed at 7 d. The ITM diets increased BW and BWG at 
7 d but these differences were no longer significant (P < 0.05) at 21 d. 
No significant interactions were observed, nor effects of TM on FCR. It 
was concluded that incubation temperatures affect broiler performance 
at 3 weeks of age. Additionally, it was observed that reduction of TM 
levels when using an organic source chelated with HMTBA did not 
affect chicken live performance.

Key Words: incubation profile, trace mineral, broiler performance

P445   Impact of feeding broiler chicks the diets containing 
varied levels of chelated minerals compared to industry levels 
of inorganic trace minerals on broiler performance, immune 
response, and litter minerals concentration. M. K. Manangi*1, P. 
Buttin2, D. Decoux2, M. Vazquez-Anon1, and A. Knox3, 1Novus Inter-
national Inc., St. Charles, 2Novus International S.A./N.V., Brussels, 
Belgium, 3Roslin Nutrition Ltd., East Lothian, Scotland.

A 42-d trial was conducted to determine the response of Mintrex 
(metal methionine hydroxy analog chelate) vs. industry levels of ITMs 
(inorganic trace minerals) on performance, immune response, and litter 
trace minerals concentration by feeding broiler chicks diets containing 
varied levels of supplemental Zn, Mn and Cu as chelates in comparison 
to industry levels of inclusion of respective inorganic trace minerals 
(ITM). A total of 2,100 Ross 308 male broiler chicks were randomly 
assigned to 6 treatments with 10 pens/treatment and 35 chicks/pen. The 
wheat-SBM based basal diet (T1) was devoid of any added Zn, Cu or 
Mn. T2, T3 and T4 received incremental levels of chelated minerals’ 
at 16–4-16, 32–8-32, and 48–16–48ppm of Zn-Cu-Mn, respectively. 

T5 and T6 received industry levels of trace minerals (70–20–80ppm 
of Zn-Cu-Mn) either as chelates (T5) or as ITMs (T6). End of the 
study results indicate significant treatment effects for weight gain (P = 
0.002), immune response, and litter minerals concentration. The chicks 
fed 32–8-32ppm or higher levels of Zn-Cu-Mn as chelates gained 38g 
more weight (P < 0.05) compared with T1 whereas chicks in T2 and T6 
performed the same as T1 (Basal diet). Chicks fed higher levels (T4 and 
T5) of chelated trace minerals gained 34 to 40g more weight compared 
with T6 (P < 0.05) but performed the same as T3 (P > 0.05). Infectious 
Bronchitis antibody titers measured at d 35 indicate significant improve-
ment (P < 0.05) in titer response for T3 compared with T5. As expected 
increasing levels of dietary trace minerals resulted in increased levels 
of trace minerals in the litter. In summary, the present data indicate that 
the supplemental ITMs were effectively replaced with reduced levels 
(32–8-32ppm of Zn-Cu-Mn) of chelates without compromising bird 
immune response while achieving improvement in weight gain and 
reduction in litter trace mineral concentration.

Key Words: zinc, copper, manganese, broiler, chelate

P446   Feeding broiler breeder hens with diets containing 
reduced levels of Zn, Cu, and Mn as chelates compared to industry 
levels as sulfates/oxides improve hatching rate and progeny qual-
ity. M. K. Manangi*1, P. Buttin2, J. Michard3, M. Vazquez-Anon1, and 
M. Decoux2, 1Novus International Inc., St. Charles, MO, 2Novus Inter-
national S.A./ N.V., Brussels, Belgium, 3Hubbard, Le Foeil, France.

A 15 week (wk 21–36) study was conducted in a commercial broiler 
breeder facility to determine the impact of feeding reduced levels of 
Mintrex (metal methionine hydroxy analog chelate) vs. industry levels 
of ITMs (inorganic trace minerals) in breeder hens on egg quality, 
hatching rate and progeny quality. A total of 15200 male line of Hubbard 
breeder hens were distributed into 4 houses (with floors having 1/3 slats 
and 2/3 litter) with 3800 hens/house. Study had 2 treatments (T1 and 
T2) each with 2 replicate houses per treatment and consisted of 56, 14 
and 56ppm of Zn, Cu and Mn, respectively, as chelates (T1), and 100, 
10 and 100ppm of Zn, Cu and Mn, respectively, as oxide, sulfate, and 
oxide (T2). At wk 36, 210 eggs per house were evaluated for average 
egg weight and egg shells breaking strength, and 4150 eggs per house 
were monitored to evaluate hatching rate. At birth, 50 left tibias per house 
(100 chicks per treatment) were sampled and pooled for tibia ash, and 
tibia Zn analysis on DM basis to assess progeny quality. No differences 
were observed for egg weight (P = 0.99) and shell breaking strength 
(P = 0.14) between treatments. Hatching rate significantly (P = 0.048) 
improved by 1.92% for group fed chelated minerals compared with 
group fed ITMs. Ash content of chicks produced from hens fed chelated 
minerals increased by 4.3% (P = 0.02) and tibia Zn content increased by 
3% (P = 0.19). In summary, present data indicated that feeding broiler 
breeder hens the reduced levels of supplemental chelated trace miner-
als compared with ITMs improved hatching rate and progeny quality.

Key Words: Mintrex, broiler breeder hen, chelated trace minerals

P447   Bioavailability of commercial zinc sources in grow-
ing chicks. S. J. Rochell*1, P. L. Utterback1, H. L. Spangler1, C. K. 
Parr1, T. M. Parr2, and C. M. Parsons1, 1University of Illinois, Urbana, 
2Micronutrients, Indianapolis, IN.

An experiment was conducted to determine the relative bioavailability 
of 2 commercially available zinc sources. Two-hundred and 80 male 
crossbred chicks were housed in stainless steel brooder battery cages (4 
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chicks/cage) from 1 to 22 d of age. Chicks received a common starter diet 
from 1 to 7 d of age and were randomly assigned to 1 of 10 dietary treat-
ments (7 reps/treatment) at 8 d of age. Ten dietary treatments included 
a zinc-deficient soy concentrate-dextrose basal diet and the basal diet 
supplemented with 3, 6, or 9 mg/kg zinc from either zinc sulfate, zinc 
hydroxychloride (IBZn), or an organic zinc source (OrgZn). Body weight 
gain (BWG) and feed intake were determined from 8 to 22 d of age. 
Chicks were euthanized at 22 d of age and right tibias were collected 
from each chick. Zinc concentration of each tibia was analyzed to allow 
for calculation of total tibia zinc content. Responses of BWG and total 
tibia zinc to supplemental zinc intake were determined, and slope-ratio 
analysis was utilized to evaluate bioavailability of IBZn and OrgZn 
relative to zinc sulfate. Body weight gain (P < 0.001) and total tibia 
zinc (P < 0.001) increased linearly with supplemental zinc intake. The 
response of BWG to supplemental Zn intake resulted in relative bioavail-
ability values of 167.4 and 176.5% for IBZn and OrgZn, respectively. 
Using total tibia zinc as the response variable, relative bioavailability 
values were determined to be 143.5 and 141.9% for IBZn and OrgZn, 
respectively. These results indicate that the bioavailability of zinc in 
IBZn and OrgZn were similar to each other and both IBZn and OrgZn 
were superior to zinc sulfate in zinc bioavailability.

Key Words: zinc, bioavailability, tibia ash, slope-ratio, mineral

P448   Feeding diets differing in concentrations of calcium, 
phosphorus and calcium/phosphorus ratios to Hy-Line CV-22 and 
Brown laying hens on egg production and quality. G. Barahona*1, 
O. Machado1, A. Gernat1, J. Arango2, and N. O’Sullivan2, 1Escuela 
Agricola Panamericana/Zamorano, Tegucigalpa, Honduras, 2Hy-Line 
International, Dallas Center, IA.

Breeding companies make recommendations based on practical experi-
ence to ensure that Calcium (Ca) and available phosphorus (AP) require-
ments are in agreement with each strains egg production (EP) potential. 
The objective of this study was to measure EP and egg quality (EQ) 
variables with diets differing in concentrations of Ca and AP, and their 
ratio to Hy-Line CV-22 (HCV) and Hy-Line Brown (HB) hens. The 
study consisted of 7 treatments used on both HCV and HB strains. All 
diet treatments were formulated to meet or exceed Hy-Line’s manage-
ment guide recommendations (MGR). Treatment (T) 1 was formulated 
to offer 100% levels of Ca and AP for each variety and diet phase; T2 
Ca level to 80% of MGR; T3 AP level to 80% of MGR; T4 Ca and 
AP level to 80% of MGR; T5 Ca level to 60% of MGR; T6 AP level 
to 60% of MGR and T7 Ca and P level to 60% of MGR, respectively. 
Production performance and EQ were measured from 18 to 32 weeks 
of age (phase 1) for both strains. At 18 wk of age, hens were weighed 
and randomly allocated to 4 replicate groups (7 hens per cage of the 
HCV, 60.9 × 50.8 cm and 6 hens per cage of the HB, 60.9 × 50.8 cm) 
in a complete randomized block design. No significant differences were 
found for EP parameters for HCV. HB showed lower (P < 0.0001) EP for 
T5 and 7, feed consumption T7 and conversion T5, 6, and 7. Mortality 
was higher (P < 0.0001) for T5 and 7. The HCV showed lower (P < 
0.04) egg weights (EW), albumin height for T7; lower specific gravity 
for T5 and 7 and lower egg breaking strength for T5. Lower (P < 0.001) 
EW was observed for T7 and higher percent cracks for T5 and 7 in the 
HB birds. Decreasing the amount of Ca and AP to levels lower than the 
recommended did not show major differences in production performance 
in the HCV birds but did have more of an impact on the HB birds. Diets 
deficient in Ca and AP affected EQ for both strains to a greater extent.

Key Words: laying hen, calcium, phosphorus, egg, 

P449   Effect of 25-hydroxycholecalciferol on bone growth and 
mineral metabolism in broilers fed diets containing adequate 
levels of calcium and phosphorus. R. Adhikari*1, M. Radfar1, H. 
Salim1, A. Rogiewicz1, B. J. Turner2, B. Slominski1, and W. K. Kim1, 
1University of Manitoba, Winnipeg, MB, Canada, 2DSM Nutritional 
Products Inc., Parsippany, NJ.

A study was conducted to evaluate the effect of different levels of 
25-hydroxycholecalciferol (25-OH D3) on bone growth and develop-
ment, mineral utilization, and growth performance in broilers fed diets 
containing adequate levels of calcium (Ca) and phosphorus (P). Two 
hundred day-old broilers housed in 40 pens (5 birds/ pen) were randomly 
allocated to 4 dietary treatments that contained 200 IU/kg (control), 
2,760 IU/kg (T1), 5,000 IU/kg (T2), and 10,000 IU/kg (T3) of 25-OH 
D3. All 4 diets were formulated to be iso-caloric and contained 1% Ca 
and 0.5% available P, so that Ca and P were not the limiting factors. 
Feed conversion ratio was significantly lower (P < 0.05) in 3 different 
levels of 25-OH D3 as compared with the control diet. Feed intake in 
T2 and T4 were significantly lower (P < 0.05) than the control group. 
Body weight gain was significantly lower (P < 0.05) in T3 as compared 
with the control, T1 and T2. In femur, bone mineral content increased 
significantly (P < 0.05) in all 3 treatments than the control group. Bone 
mineral density and bone area significantly increased (P < 0.05) in T1 
and T2 compared with the birds fed control diet; however, T3 did not 
have any significant effect compared with the control, T1 and T2. No 
significant difference (P > 0.05) was observed between the treatments 
for apparent total tract Ca and P digestibility. The results indicate that 
even though there was no significant difference in Ca and P utilization 
when adequate levels of Ca and P were supplied in diets, vitamin D3 
significantly increased bone growth and development. This study sug-
gests that vitamin D3 may have direct effect on bone cells enhancing 
bone formation and skeletal integrity apart from its effect on Ca and 
P utilization.

Key Words: broiler, Ca and P utilization, skeletal integrity, 
25-hydroxycholecalciferol

P450   Influence of calcium levels and source and phytase supple-
mentation on calcium and phosphorus digestibility during natural 
necrotic enteritis in broilers. D. Paiva*1, C. Walk2, and A. McElroy1, 
1Virginia Polytechnic Institute and State University, Blacksburg, 2AB 
Vista, Marlborough, United Kingdom.

In the past 20 years, several feed enzymes have been introduced into 
poultry diets to improve nutrient availability and digestibility. However, 
little is known about how these enzymes influence nutrient digestibility 
during intestinal disease. The objective of this study was to determine 
the influence of Ca source, phytase supplementation, and dietary levels 
of Ca on Ca and P digestibility during necrotic enteritis (NE). Cobb 500 
male broilers were weighed and randomized into 8 treatment groups (9 
pens/treatment; 30 birds/pen) at day of hatch. The 21 d trial was designed 
as a 2 × 2 × 2 factorial, which included 2 dietary levels of Ca (0.6% and 
0.9%), 2 Ca sources [limestone and calcified seaweed (HSC)], and 2 
levels of an E. coli phytase (0 and 1,000 FTU/Kg). Birds were placed 
on dirty litter from a previous flock that exhibited clinical signs of NE to 
induce a natural infection. On d7, 14, and 21 birds were euthanized by 
cervical dislocation, and ileal digesta was collected. Ileal digesta samples 
were pooled per pen and frozen until further analysis. Significance is 
reported at P < 0.05. Birds began exhibiting clinical signs of NE on 
d9, and elevated NE-associated mortality persisted until the end of the 
trial. A 3-way interaction of Ca source, Ca level, and phytase inclusion 
was observed for P and Ca digestibility on all sampling days. Optimal 



153Poult. Sci. 92(E-Suppl. 1)

P digestibility was observed when broilers were fed 0.6% Ca diets 
formulated with limestone and supplemented with phytase. Overall, a 
significant decrease in P digestibility was observed when broilers were 
fed 0.9% Ca, regardless of Ca source and phytase supplementation. On 
d7, Ca digestibility was improved by phytase supplementation in broilers 
fed the 0.6% Ca diets formulated with limestone and 0.9% Ca diets for-
mulated with HSC. On d14 and d21, 0.6% Ca diets resulted in improved 
Ca digestibility, regardless of Ca source or phytase supplementation. 
In conclusion, Ca and P digestibility were significantly improved when 
diets were formulated with lower levels of Ca and supplemented with 
phytases during the NE occurrence.

Key Words: calcium, phytase, digestibility

P451   The effect of Intellibond C plasma on broiler macrophage 
nitric oxide production. V. J. Iseri*1, J. Cohen2, and K. C. Klasing1, 
1University of California, Davis, 2Micronutrients, Indianapolis, IN.

When fed at high levels, copper has positive effects on growth and 
intestinal health. However, the effect of copper on phagocyte effec-
tor functions has not been thoroughly investigated. Thus, primary 

macrophages were isolated from peripheral blood of chicks fed either 
no supplemental copper (NegCont; 15ppm) or IntelliBond C (IBC; 
185ppm) a form of tribasic copper chloride. Macrophages were either 
unstimulated or stimulated with lipopolysaccharide (LPS; 2 μg/mL) 
and nitric oxide (NO) was measured 24 hr post-LPS. In Experiment 1, 
macrophages were cultured with graded levels of plasma isolated from 
chicks fed the same diet. Non-stimulated IBC macrophages cultured in 
6–12% IBC plasma had higher NO levels compared with NegCont mac-
rophages cultured in the same levels of NegCont plasma. LPS-stimulated 
IBC macrophages cultured in 3–12% IBC plasma had higher NO levels 
compared with stimulated NegCont macrophages. In Experiment 2, 
the effects of plasma source on macrophages isolated from chicks fed 
NegCont or IBC were compared. There was no effect of plasma source 
on NO levels from NegCont or from IBC macrophages (P > 0.20). In 
Experiment 3, NegCont or IBC macrophages were cultured with graded 
levels (0–12%) of FBS. LPS-stimulated macrophages from IBC fed 
chicks had higher NO levels at all levels of FBS. These data demonstrate 
that IBC modulates the response of macrophages to LPS; however the 
effect is not due to the regulatory factors in plasma.

Key Words: Intellibond C, macrophage, plasma
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P452   Susceptibility of four commercial broiler crosses to lame-
ness attributable to bacterial chondronecrosis with osteomyelitis. 
R. F. Wideman Jr.*1, A. Al-Rubaye1, A. Gilley1, D. Reynolds1, H. 
Lester1, D. Yoho1, J. D. Hughes Jr.2, and I. Y. Pevzner2, 1University of 
Arkansas, Fayetteville, 2Cobb-Vantress Inc., Siloam Springs, AR.

Growing broilers on wire flooring provides an excellent experimental 
model for exposing susceptibility to lameness attributable to bacterial 
chondronecrosis with osteomyelitis (BCO). Two independent experi-
ments (E1, E2) were designed to compare the susceptibilities of broilers 
from 4 commercial crosses (W, X, Y, Z). The standard crosses (W, Y) 
grow rapidly at an early age, whereas high-yield crosses (X, Z) initially 
tend to grow more slowly. Chicks were obtained from a commercial 
hatchery for E1 or were hatched at the Univ. of Arkansas Poultry 
Research Hatchery for E2. Males and females were reared together (E1; 
n = 360/cross) or separately (E2; n = 390/cross) in 3 × 3 m pens on litter 
(Litter) or wire flooring (Wire). Necropsies revealed lesions that are 
pathognomonic for BCO in ≥ 94% of the birds that became lame. The 
SigmaStat Z-test was used to compare cumulative lameness incidences 
at 8 wk of age. For birds reared on Litter, lameness incidences were low 
and did not differ between crosses or sexes (range: 2.2% to 4.6%; P ≥ 
0.6). When males were reared on Wire their lameness incidences (by 
cross) were: E1 = 52%Wb, 42%Xc, 69%Ya, and 44%Zbc; E2 = 31%Wb, 
19%Xc, 49%Ya, and 25%Zbc. For females reared on Wire the lameness 
incidences were: E1 = 40%Wb, 30%Xc, 49%Ya, and 28%Zc; E2 = 16%W, 
15%X, 16%Y, and 15%Z (ns). Accordingly the hierarchical ranking for 
BCO susceptibility by broiler cross was X ≤ Z ≤ W.

Key Words: lameness, broiler, osteomyelitis, bone, growth

P453   Characterization of bacterial communities associated 
with bacterial chondronecrosis with osteomyelitis (BCO) in broil-
ers. T. Jiang*1, R. F. Wideman Jr.1, I. Pevzner2, and Y. M. Kwon1, 
1University of Arkansas, Fayetteville, 2Cobb-Vantress Inc., Siloam 
Springs, AR.

Bacterial chondronecrosis with osteomyelitis (BCO) is recognized as 
an important cause of lameness in commercial broilers. Relatively little 
is known about the microbial communities associated with BCO. This 
study was conducted to increase our understanding of the microbial fac-
tors associated with BCO using a culture-independent approach. Using 
high-throughput Illumina sequencing of the hyper-variable region V6 
in the 16S rRNA gene, we characterized the bacterial communities in 
97 femoral or tibial heads from broilers carefully selected to represent 
diverse variations in age, line, lesion type, floor type, clinical status 
and bone type. Our in-depth survey based on 14 million assembled 
sequence reads revealed that complex bacterial communities existed 
in all samples, including normal bones from healthy birds. Overall, 
Proteobacteria (mean 90.9%) is the most common phylum, followed 
by Firmicutes (6.1%) and Actinobacteria (2.6%), accounting for more 
than 99% of all reads. The statistical analysis using analysis of similar-
ity (ANOSIM) suggested that there are distinct bacterial communities 
in different bone types (femur vs. tibia), lesion types [normal, FHS 
(proximal femoral head separation or epiphyseolysis), FHN (proximal 
femoral head necrosis), THN (tibial head necrosis), and THNs/c (tibial 
head necrosis severe or caseous)], and individual birds. Interestingly, 
there were general trends that the diversity within a bacterial com-
munity (α-diversity), highest in normal bones and at 1 week of age, 
decreased with progression of necrosis and aging, respectively. These 

observations suggest that there are selection processes toward certain 
bacterial subgroups in association with the development of BCO and 
aging. Understanding the microbial species associated with BCO will 
provide valuable insights for development of strategies to mitigate 
lameness in broiler chickens.

Key Words: broiler, lameness, BCO, 16S rRNA gene, bacterial 
communities

P454   16S pyrosequencing of the intestinal microbiota of broiler 
chickens challenged with Clostridium perfringens. J. A. Benson*1, 
L. Romero2, G. F. Mathis3, and E. A. Galbraith1, 1Animal and Envi-
ronmental Applications, DuPont Nutrition & Health, Waukesha, WI, 
2Danisco Animal Nutrition, DuPont Industrial Biosciences, Marlbor-
ough, United Kingdom, 3Southern Poultry Research Inc., Athens, GA.

The intestinal microbiota of poultry has major impacts on bird health 
and growth. Enteric diseases are costly to producers due to increased 
mortality and decreased growth performance. A strong understanding 
of the microbiota will enable producers to maintain a healthy gut bal-
ance to maximize growth performance and disease resistance. In this 
study we compared the intestinal microbiota of broilers subjected to a 
necrotic enteritis disease challenge to unchallenged birds to understand 
the effects of this enteric disease on the intestinal microbiota. Day-old 
chicks were randomly assigned to challenged or control treatments in 
one of 14 floor pens (50 chicks/pen). On d 19, 20, and 21 challenged 
birds were dosed with a broth culture of Clostridium perfringens at 1 
× 108 to 1 × 109 cfu administered in the feed. On d 22, 5 birds per pen 
were examined for intestinal lesions. Cecum and jejunum samples from 
8 birds per treatment were collected for microbiota profiling on d 11, 21, 
and 42. DNA was isolated from each sample and DNA from 2 birds was 
pooled before 16S rDNA pyrosequencing. Lesions were observed in 22 
challenged and 1 unchallenged bird. Sequence data indicated vastly dif-
ferent microbial communities in the cecum and jejunum. Several genera 
of the order Clostridiales were more abundant in the ceca (P < 0.001), 
while the jejunum had higher levels of genera within the Lactobacil-
lales (P < 0.001). A progression of the microbiota with age was also 
observed. In the jejunum, proportions of Enterococcus decreased (P = 
0.05), while Lactobacillus trended higher (P = 0.06) with age. Major 
shifts in the microbiota due to challenge were not observed and very 
few C. perfringens sequences were detected. This finding suggests that 
the necrotic enteritis symptoms observed in the challenged birds may 
have resulted from toxins present in the inoculum rather than active 
infection. The thorough characterization of broiler chicken microbiota 
in the jejunum and ceca and its progression with age in this study did not 
reveal major impacts of necrotic enteritis challenge on the microbiota.

Key Words: microbiota, pyrosequencing, necrotic enteritis, Clos-
tridium, lesion

P455   Effect of olive leaf as medicinal plant supplementation on 
immune system and heart related ascites indices in broilers reared 
under normal and cold temperature conditions. S. Varmaghani1, S. 
Rahimi*1, M. A. Karimi Torshizi1, H. Lotfollahian2, and M. Hassan-
zadeh3, 1Tarbiat Modares University, Tehran, Tehran, Iran, 2Animal 
Science Research Institute, Karaj, Alborz, Iran, 3University of Tehran, 
Tehran, Tehran, Iran.
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This research was conducted to evaluate the effects of dried olive leaf 
(Olea europea) on immune system and heart related ascites indices 
in male broilers under normal and cold temperature conditions. For 
the normal temperature conditions, 500 d-old male broilers divided 
into 5 experimental groups: control group; antihypertensive medicine 
group (propranolol, 4 mg/kg body weight); and 3 groups with olive 
leaf supplementation at 5, 10, or 15 g/kg diet. The experiments were 
performed in 4 replicates of 25 birds per pen. The same grouping with 
another 500 birds was used for the cold temperature conditions. Growth 
performance, immune system and ascites indices (right ventricle [RV] 
and total ventricle [TV] weight and RV/TV) were evaluated. At the end 
of the experiment on d 42, 40 birds per group were randomly selected, 
sacrificed, and used for weight of bursa fabricius and spleen, and RV/TV 
determination. Under both temperature conditions, weight gain and feed 
conversion ratio were similar among all groups, except the propranolol-
treated groups. Relative weight of bursa Fabricius and spleen were 
unaffected by treatments. Ascites-related mortality decreased linearly 
with increasing olive leaf supplementation under both conditions (P < 
0.05). Heterophils percentage and heterophil:lymphocyte ratios between 
treatments were significantly different (P < 0.01) under both temperature 
conditions. Increasing olive leaf supplementation was associated with 
a linear decrease in RV/TV under the normal and a linear decrease in 
RV, TV, and RV/TV under cold temperature conditions (P < 0.001). 
We conclude that dietary olive leaf supplementation at a dose of 10 g/
kg decreases ascites incidence without impairing broiler performance 
under normal and cold ambient temperatures.

Key Words: olive leaf, immune system, heart, ascites, broiler

P456   Endothelin-1 expression in the lung arteries of pulmo-
nary hypertensive and non-pulmonary hypertensive chickens. L. 
C. Monroy* and A. Hernandez, Universidad Nacional de Colombia, 
Bogota, Cundinamarca, Colombia.

Genetically predisposed chickens develop pulmonary arterial hyperten-
sion (PAH) when subjected to hypobaric hypoxia and/or low ambient 
temperatures. Hypobaric hypoxia generates endothelial dysfunction, 
which results in an imbalance between vasodilators and vasoconstric-
tors. Within the latter, endothelin-1 (ET-1), a potent endogenous agent, 
induces contraction of pulmonary vascular muscle cells, following its 
liberation from endothelial cells. To find possible differences in ET-1 
expression in the muscle layer of lung arteries in pulmonary hypertensive 
chickens (PHC) and non-pulmonary hypertensive chickens (NPHC), 2 
groups of broilers were exposed to either relative normoxia (n = 145) 
or hypobaric hypoxia (n = 145) at 310 and 2638 m above sea level from 
d 0 to 33 of the growing period, respectively. Broilers were classified 
as PHC when their cardiac mass index (CI) values were over 26, and 
as NPHC when those values were under 26. The CI = right ventricular 
weight / total ventricular mass weight multiplied by 100. The expression 
of ET-1 protein (mouse monoclonal anti-endothelin1, Thermo scientific 
MA3-005) in the muscular tunic of pulmonary arteries was evaluated 
by immunohistochemistry (IHC) Supersensitive Polymar-HRP IHC 

Detection System (Biogenex). Ten blood vessels with 2 to 8 muscle 
layers in the middle tunic per animal (4 birds/ group) were analyzed 
under the light microscope using an automated software (Image-Proplus 
7), as to calculate the percentage of cells expressing ET-1. Incidence of 
PAH was 22 and 0% in birds kept under hypobaric hypoxia and relative 
normoxia, respectively. ET-1 expression was higher in broilers exposed 
to hypoxia (P < 0.01) than birds under relative normoxia. PHC had 
higher ET-1 expression than healthy chickens subjected to hypoxia (P 
< 0.01). Hypoxic PHC develop a mechanism which involves endothelial 
ET-1 expression. ET-1 goes to the muscle cells and provokes contraction 
as a part of the well-known compensatory mechanism of augmenting 
blood perfusion.

Key Words: chickens, pulmonary hypertension, hypoxia, endothelin 
1, immunohistochemistry

P457   Effects of different pre-lay Mycoplasma gallisepticum vac-
cines in conjunction with an F-strain M. gallisepticum challenge 
overlay on the blood characteristics of commercial layers. R. 
Jacob*1, S. L. Branton2, and E. D. Peebles1, 1Mississippi State Univer-
sity, Mississippi State, 2USDA-ARS, Mississippi State, MS.

Mycoplasma gallisepticum (MG) is a major and economically significant 
pathogen of avian species. When administered during pre-lay, F-strain 
MG (FMG) can reduce egg production during lay, but the ts-11 strain of 
MG (ts-11MG) does not exert this effect. Two trials were conducted to 
determine the effects of pre-lay vaccinations of ts-11MG, MG-Bacterin, 
or their combination, in conjunction with an FMG challenge overlay 
after peak production on the blood characteristics of commercial layers. 
160 mycoplasma-free Hy-Line W-36 layers were housed in negative 
pressure biological isolation units (4 units per treatment, 10 birds per 
unit) through 52 wk of age (woa). The following treatments were uti-
lized at 10 woa: 1) Control (no vaccinations); 2) ts-11MG vaccine; 3) 
MG-Bacterin; and 4) ts-11MG vaccine and MG-Bacterin combination. 
Commercially available MG vaccines were used according to manufac-
turer’s recommended dosages for all vaccinations. At 45 woa, half of 
the birds were challenged with a laboratory stock of the 99th passage 
of FMG. Parameters measured in both trials were whole blood hema-
tocrit, serum protein, serum cholesterol, serum triglycerides, and serum 
calcium. Results were considered significant at P ≤ 0.05. Significant 
age × treatment interactions were observed for serum cholesterol levels 
before and after the FMG challenge and for serum protein levels after 
the FMG challenge. Serum protein levels were significantly reduced 
in the control birds during 52 woa, irrespective of the FMG challenge. 
Therefore, it is evident that although the use of the ts-11MG vaccine 
alone or in combination with MG-Bacterin may influence circulating 
cholesterol and protein concentrations when administered during prelay, 
it remains effective in protecting against the adverse effect of a post 
peak challenge of FMG on egg production.

Key Words: poultry, Mycoplasma gallisepticum, vaccine, mycoplasmosis
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P458   Abundance of appetite regulatory factor mRNA is influ-
enced by 3-hour feed withdrawal in chickens selected for high and 
low body weight. W. Zhang*, L. A. Nelson, P. B. Siegel, M. A. Cline, 
and E. R. Gilbert, Virginia Polytechnic Institute and State University, 
Blacksburg.

Fifty-five generations of chickens selected for low (LWS) and high 
(HWS) body weight at 8 weeks of age has resulted in a 10-fold differ-
ence in body weight at selection age. Some of the LWS are anorexic, 
while HWS are hyperphagic and obese. We hypothesized that differ-
ences in appetite regulatory factor mRNA between the lines would be 
accentuated by food withdrawal and measured mRNA abundance of 
appetite-associated factors in the hypothalamus of fed and fasted LWS 
and HWS. Five-day old male LWS and HWS chicks (n = 24) were 
randomly divided into 2 treatments; 1) continuous access to a starter 
diet or 2) 3 h feed withdrawal, after which hypothalamus and abdominal 
fat were collected (no fat was present in LWS). The mRNA abundance 
of agouti-related peptide (AGRP), neuropeptide Y (NPY), NPY recep-
tor 1 (NPYR1), melanocortin receptor 1 (MC4), glucose transporter 1 
(GLUT1) and forkhead box protein O1 (FOXO1) was measured by real 
time PCR. Expression values were calculated by the ΔΔCT method with 
β-actin as the internal control. Data were analyzed by ANOVA using the 
Glimmix procedure (SAS 9.3), with effects of line, treatment and tissue 
as the repeated measurement, and Tukey’s test was used for pairwise 
comparisons. For AGRP, NPY and NPYR1, there was greater (P < 0.05) 
abundance in LWS than HWS, whereas for FOXO1 and MC4 there was 
greater (P < 0.05) expression in HWS. There was an interaction of line x 
treatment (P = 0.01) where NPY mRNA was greater in fed LWS chicks 
than fed HWS (P = 0.0005) and fasted LWS (P = 0.02) chicks. All of 
the mRNA were more abundant in hypothalamus than abdominal fat (P 
< 0.02) except FOXO1 which was almost 2 fold greater (P < 0.0001) in 
fat than in hypothalamus. In conclusion, there was greater expression 
of food intake-stimulation factors in LWS and greater abundance of 
satiety-inducing factors in HWS. These results suggest that differences 
in food intake between LWS and HWS are associated with differences 
in the appetite circuitry of the hypothalamus and that these differences 
are accentuated under certain feeding conditions.

Key Words: appetite regulation, body weight line, fasting, NPY, food 
intake

P459   The motility of the avian embryo: Energetic cost and 
effects of hypoxia. P. A. Toro Velasquez*1,2, A. S. Louis1, M. Sime-
onova1, and J. P. Mortola1, 1McGill University, Montreal, QC, Canada, 
2Universidade Estadual Paulista, Jaboticabal, Sao Paulo, Brazil.

We estimated the energetic cost of embryonic motility by relating the 
changes in embryo’s activity to the changes in total oxygen consumption 
(VO2). Measurements were conducted on chicken embryos between d 10 
and 18 of incubation. Embryonic gross body movement was quantified 
over 10 continuous 3-min periods from the spontaneous pressure oscil-
lations inside the egg, and was correlated to the synchronous changes 
in (VO2), measured by an open-flow methodology. Over the 30 min 
recording, embryos movement could vary around the mean by up to 4 
folds. The corresponding changes in VO2 were minuscule (0.116 μl O2 
/ mm Hg) or, for all age groups combined, only 2.3% of the mean VO2. 
The highest fraction of embryo’s VO2 attributable to motion was 8.1% 
at embryonic day E10; it decreased to 3.2% at E12, 2.4% at E14, 0.6% 
at E16 and 0.9% at E18. Hypercapnia and cold respectively increased 

and decreased motility. Differently, the effects of hypoxia on motility 
were variable among embryos. It is concluded that, over the age period 
investigated, the cost of motility represents an almost negligible fraction 
of the embryo’s energy budget. Because of its low cost, motility can 
be maintained in hypoxia; conversely, reduction of motility in hypoxia 
does not provide an important energy saving.

Key Words: chicken, embryonic activity, locomotion, muscle contrac-
tion, oxygen consumption

P460   A method to isolate chicken yolk sac membrane cells. J. 
M. Gullaba*1, N. G. Causso2, R. S. Oliveira2, M. A. Kutzler1, and G. 
Cherian1, 1Department of Animal and Rangeland Sciences, Oregon 
State University, Corvallis, 2Sao Paulo State University, (UNESP), 
Botucatu, Brazil.

The objective of this study is to apply the mammalian placenta cell 
isolation protocol (humans, canines) in the isolation of avian yolk sac 
membrane cells. We hypothesize that the cell isolation protocol is appli-
cable between species. Fertilized eggs were incubated from 29-week 
old Cobb hens. At Day 14 of incubation, eggs (n = 6) were collected 
and yolk sac was separated into yolk content and yolk sac membrane. 
Membranes (5 mL of tissue per egg) were washed 3 times with sterile 
saline solution (0.9% NaCl in water, autoclaved) then wash medium 
was added. The tissue was centrifuged at 1300 rpm for 5 min at 4°C, 2 
times, replacing with wash medium to remove blood, yolk, and other 
undesired tissues. The membranes were dissociated with a 0.062% col-
lagenase solution for 10 min. Yolk sac membrane cells were collected in 
the supernatant and undergone additional centrifugation for further cell 
dissociation. The cells were resuspended in DMEM, plated into culture 
dishes and incubated at 37°C with 5% CO2. Cells were fixed with 70% 
methanol after 7 d in culture. Immunohistochemistry was performed 
with immunoglobulin Y (IgY), a unique cell marker to positively iden-
tify chicken yolk sac membrane cells. The number of IgY-positive cells 
was counted from a random sample of 100 cells per egg using a Leica 
fluorescent microscope. In this study, we have found that this novel 
cell isolation protocol yielded greater than 65% IgY-positive cells. The 
protocol of cell isolation in mammals can be applied as a novel procedure 
to successfully isolate chicken yolk sac membrane cells. Future studies 
would involve gathering cells from hens and embryos at different ages 
for comparison. It is expected that older hens contribute more yolk, thus 
more IgY-positive cells toward the end of term to meet the nutritional 
needs of the growing embryo.

Key Words: isolation, culture, yolk sac, immunoglobulin Y, avian

P461   Thermal manipulation during incubation: Effect on the 
temperature of chicks newly hatched. V. S. Morita*, V. R. Almeida, 
G. L. Zanirato, J. B. Matos Jr., R. P. Santini, and I. C. Boleli, Sao Paulo 
State University, Jaboticabal, Sao Paulo, Brazil.

This study analyzed whether thermal manipulation in incubation from 
the 13th day of development influences body and mean surface tem-
perature of newly hatched male broiler chicks. For the experiment, 
1,116 fertile eggs from broiler breeder hens (Cobb) were weighed 
and distributed in 6 incubators with automatic control of temperature 
and humidity. All eggs were maintained at thermoneutral temperature 
(~37.5°C) through the 12th day. From the 13th day until hatching 2 
incubators were maintained at thermoneutral, 2 at 36°C (low) and 2 at 
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39°C (high). The RH was maintained at 60% in all treatments throughout 
the experiment. The body (BT) and mean surface (MST) temperature 
(°C) were obtained immediately after hatching, and were calculated 
based on values of surface temperature of different parts of the body 
obtained by thermographic photography, and cloacal temperature 
obtained by digital thermometer. The data were subjected to ANOVA 
using the General Linear Model procedure (GLM) of SAS. In case of 
significant variance, the comparison of the averages was performed 
using 5% probability of the Tukey test. The MST (P = 0.2917) was 
not influenced by incubation temperature, however BT was higher (P 
< 0.0001) in chicks from eggs incubated at 39°C (BT = 36.4°C) than 
at 36°C (BT = 32.8°C) and 37.5°C (BT = 33°C), which did not differ 
significantly on this variable (P > 0.05). High temperature of incubation 
increased BT of chicks, indicating that increased temperature during the 
in ovo development period induces hyperthermia and consequently, a 
heat stress situation. Low temperature incubation did not influence BT, 
showing higher sensitivity to the high, rather than the low, incubation 
temperature for this parameter.

Key Words: average surface temperature, cloacal temperature, heat 
stress

P462   Short period of citrus pectin intake does not influence the 
femoral composition of laying hens. G. L. Zanirato, V. S. Morita*, V. 
R. Almeida, V. K. Silva, and I. C. Boleli, Sao Paulo State University, 
Jaboticabal, Sao Paulo, Brazil.

The intake of soluble fiber reduces the digestibility and/or the absorption 
of fat, carbohydrates, proteins and minerals. This suggests pectin intake 
may influences the lipid content of the eggs resulting in production of 
eggs with lower energetic content. However, it is possible that pectin 
intake affects the femoral characteristics of the laying hens, once bones 
become the main mineral supply source when the bird has a deficiency 
of calcium absorption. The study evaluated whether addition of citrus 
pectin in the diet during 6 weeks of the laying phase influences on 
the chemical characteristics of femurs of Isa Brown laying hens. The 
experiment followed a design with 4 treatments (without pectin = control 
diet, and with 0.25%, 0.5% or 1% of pectin), composed by 6 replicates 
of 8 birds each, from 28 to 33 weeks of age. The water content was 
removed drying the bones to a constant weight by 4 d at 60°C. After 
removing the fat by 7 d in ether, the femurs were dried to a constant 
weight. Individual bones were ashed at 550°C. Organic matter without 
fat (OMWF) corresponded to bone weight without water, fat and ash 
contents. The data were analyzed among treatments by variance and 
Tukey tests using the General Linear Model (GLM) of the SAS program 
(SAS Institute, 2002), at 5% significance level. The treatments did not 
affect (P > 0.05) the body weight of birds, and the femoral weight and 
chemical components. Additionally, femoral content of water, ash, fat, 
and OMWF were compared inside of each treatment. All treatments 
presented content of water higher than ash, fat and OMWF, well as the 
content of ash was higher than of OMWF and fat, and the content of 
OMWF was higher than fat. The results show that intake of until 1% 
of pectin during 6 weeks did not influence the femoral composition of 
laying hens.

Key Words: bird, bone, chemical composition, soluble fiber

P463   Effect of thermal manipulation during incubation on 
quality of newly hatched. V. S. Morita*, V. R. Almeida, T. I. Vicen-
tini, A. F. P. A. Faria, S. Sgavioli, and I. C. Boleli, Sao Paulo State 
University, Jaboticabal, Sao Paulo, Brazil.

This study analyzed the effects of thermal manipulation (TM) during 
embryonic development on body (BW), yolk sac (YW), heart (HW), 
and liver (LW) weight. For this, 1,160 broiler breeder eggs (Cobb) 
were weighed and distributed in 6 incubators with automatic control 
of temperature, spin and humidity. Control embryos were incubated 
at 37.5°C, whereas the TM embryos were submitted at 36°C or 39°C 
from the 13th day of incubation until hatching. The relative humidity 
was maintained at 60% in all treatments during experimental period. At 
hatching, after feather drying, 10 chicks were weighed and sacrificed 
to obtain the yolk sac, liver and heart. BW, measured with and without 
yolk sac, was expressed in grams (g) or percentage (%) relative to the 
weight of the egg. YM, HW and LW were expressed in g or % rela-
tive to the BW. The data were subjected to ANOVA using the General 
Linear Model procedure (GLM) of SAS. In case of significant effect, 
the comparison of the averages was performed using 5% probability 
of the Tukey test. TM did not influence BW with or without yolk sac. 
YW (g, %) was significantly higher on chicks that hatched from eggs 
incubated at 39°C, whereas, LW (g, %) was highest on chicks from 
eggs maintained at 36°C. HW (g, %) decreased significantly with the 
increase of incubator temperature. High or low incubation temperature 
influences LW and HW, showing higher sensibility to this organ to the 
variations of temperature during embryonic development. Furthermore, 
chicks from incubation at 39°C exhibited higher YW, showing a lower 
utilization of yolk nutrients during embryonic period and, therefore, a 
better conversion of egg to body mass. This shows that increase on YW 
residual in chicks on hatching can have positive effects on management 
during the post-hatch fast, as a source of nutrients for birds whose 
supply of feed is late.

Key Words: heat stress, organ weight, yolk sac

P464   Continuous incubation temperature manipulation during 
the fetal period: Effects on heat transfer and hatchability. V. R. 
Almeida*, V. S. Morita, S. Sgavioli, T. I. Vicentini, V. K. Silva, and I. 
C. Boleli, Sao Paulo State University, Jaboticabal, Sao Paulo, Brazil.

The incubation temperature determines the transfer of heat between the 
egg and the incubator by evaporation and conduction, which makes it 
an important physical factor for hatching and chick quality. The pres-
ent study evaluated the effect of the continuous incubation temperature 
manipulation from d 13th of incubation on egg water loss, difference 
between the eggshell temperature (EST) and incubator air temperature 
(IAT)(EST-IAT), and hatchability. The experiment used 1,116 fertile 
eggs (67–72g) from broiler breeder hens (Cobb-500) 59 weeks old, 
which were homogeneously distributed by weight into 6 incubators 
maintained at 37.5°C and 60% relative humidity until the 12th day of 
incubation and with egg turning each 2 h. From the 13th day of incu-
bation, the incubator temperatures were adjusted to 37.5°C, 36.0°C or 
39.0°C (2 incubators per temperature), maintaining 60% RH until hatch-
ing. For calculations of water loss, 15 eggs per temperature were weighed 
before incubation and at the 13th and 19th days of incubation. The values   
of EST and IAT were recorded by means of mini-thermocouples until 
the 18th day of incubation. In the case of significant variance of data 
analyzed by the General Linear Model (GLM) of SAS, the comparison 
of the means was performed using 5% probability by the Tukey test. 
The water loss was significantly higher and EST-IAT significantly lower 
(P < 0.05) as higher was the incubation temperature. Under continued 
incubation at 39°C from 13th day, EST-IAT tended to zero and the 
highest hatching rate was obtained (P < 0.0001). The results indicate 
that heat loss by evaporation is higher and by conduction lower at high 
incubation temperature, and that a higher hatching rate can be achieved 
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under high incubation temperature if the EST remains close to IAT from 
the 13th day of incubation until hatching for eggs from broiler breeder 
hens 59 weeks old.

Key Words: bird, eggshell, fetal development, incubation temperature

P465   Acute and long term effects of temporal hypoxia during 
late incubation. Z. Lowman* and C. Ashwell, North Carolina State 
University, Raleigh.

There have been tremendous advances in genetic selection of broilers 
resulting in the fast-growing, efficient modern-day bird. As a conse-
quence of this selection, broilers have difficulty obtaining the oxygen 
supply needed to meet the demands higher body weights (BW) require. 
Birds can adapt to this challenge over time by increasing oxygen car-
rying capacities through angiogenesis, polycythemia, modification of 
hemoglobin composition, or by increasing hematocrit levels. In this 
study, we investigated the effects of short-term hypoxic conditions on 
the embryo and long-term body composition. Broiler embryos were 
exposed to a 48 h period of low oxygen (LoOx = 16%) from d 16 to 18 
of incubation. Birds were hatched and grown under standard brooding 
conditions to 14 d of age, sampling at internal pip, external pip, d 7, and 
d 14 (n = 12). Acute effects of LoOx were observed at the end of the 
hypoxic treatment including an impact on heart rate, yolk utilization, and 
blood gas parameters. LoOx teatment had a long-term effect on body 
composition and growth rate. At d 7 control birds had a significantly 
higher breast % and body weight, but by d 14 these differences were 
lost and LoOx significantly increased heart % and liver % determined by 
ANOVA (P < 0.05). The observations made in this study may be useful to 
the broiler industry where birds are grown in varying environments. By 
manipulating incubation conditions including brief periods of hypoxia, 
the resulting birds may be better suited for specific environmental condi-
tions or when specific modifications to body composition are desired.

Key Words: hypoxia, low oxygen, incubation, body composition

P466   Use of stable isotopes in the keel of colonial broiler chick-
ens. P. C. Araujo1,3, R. S. S. G. Oliveira*1, V. C. Pelicia1, C. Ducatti2, 
E. T. Silva2, M. M. P. Sartori2, A. C. Stradiotti1, C. R. S. Kruliski2, F. 
G. Luiggi1, M. K. Maruno1, G. E. M. Pimenta1, F. Vercese1, I. M. G. 
P. Souza1, and A. C. Pezzato1, 1Sao Paulo State University, Faculty of 
Veterinary Medicine and Animal Science, Botucatu, Sao Paulo, Brazil, 
2Sao Paulo State University, Institute of Bioscience, Botucatu, Sao 
Paulo, Brazil, 3Fapesp, Sao Paulo, Brazil.

Stable isotopes have been used as tracers in organs and animal diet 
showing a great potential for the traceability of animal ingredients in 
poultry feeding through the evaluation of broiler tissues. However, 
it is necessary to broaden the knowledge of isotopic assimilation in 
avian tissues. The goal of the current study was to assess the carbon-13 
turnover in keel of 3 colonial broiler chicken strains at distinct stages 
of growth phase through the natural variation of carbon-13 existent 
between C3 and C4 plants with different genetic potentials, fast (Máster 
Griss), intermediate (Vermelhão Pesado), and slow (Label Rouge). 
Nine hundred one-day-old chicks were housed and distributed into 3 
groups. The group G(0–21) received a diet predominantly consisted of 
C3 plants cycle (rice and soybean); The first group (G0–21) received 
a diet predominantly consisted of C3 plants (rice and soybean), the 
second group (G7–35) consisted of C4 plants diet (corn and soybean) 
and it was replaced by C3 diet at 7 d old, and the third group (G14–49) 
and it was replaced by C3 diet at 14 d old.. Keel samples were col-

lected from 4 birds/group. The isotopic rate were analyzed through the 
first-order exponential equation of OriginPro 8 Professional software 
which enables the calculation of the half-life of carbon-13 (Ducatti et 
al., 2002). The carbon-13 half-life values from Label Rouge, Vermelhão 
Pesado, and Máster Griss, respectively, were: G(0–21) 2.25, 2.24, and 
2.78 d; G(7–35) 4.13, 4.56, and 4.66 d; G(14–49) 6.34, 6.93, and 6.74 
d; It is observed the Label Rouge, had higher turnover of carbon in keel 
analyzed compared with the other strains.

Key Words: isotopic, tracer

P467   Hypothalamic transcriptome response to heat stress in a 
meat-type chicken revealed by a 44K chicken microarray. L. Qu*, 
H. Sun, J. Zheng, G. Xu, and N. Yang, China Agricultural University, 
Beijing, China.

In the present study, we evaluated global hypothalamic gene expression 
in heat-stress treated and control broilers to understand the genes and 
pathways regulated by heat stress and provided insight into the potential 
mechanisms underlying heat stress. Twelve 56-d full-sib or half-sib 
Anak_40 parental stock female broilers, were randomly divided into 
3 groups including control group, heat treated group and temperature 
recovery group with 4 birds in each group. Then, we detected gene 
expression in Hypothalamus of heat treated, temperature recovery and 
non-heat stress groups by using a 44K chicken microarray. This is the 
first study to use hypothalamus as material to find the molecular mecha-
nism of heat stress in broilers by a microarray analysis. Heat stress can 
induce various enzyme changes to alter the level of hormone. At the 
same time, body can enhance its neurotransmitter transmission, but the 
cell-cell signal conduction and metabolism pathway, to some extent, will 
be damaged and the immune function will be reduced. The expression 
of heat shock protein families also differentially expressed in the 3 
experimental groups, especially HSP90 and HSP40. With the presence 
of prolonged summer, heat stress, also known as hyperthermia, could 
play a vital factor in affecting animal health and growth to change the 
physiologic mechanisms of animal and reducing animal productivity 
during high-temperature conditions. Although broilers can use a variety 
of physiological mechanisms to regulate their body temperature such as 
drinking more, heat stress could also make adverse effects on broilers 
including high mortality, a consistent decreased in egg weight, shell 
thickness, the rate of egg production, growth rate, the quality of chicken, 
feed consumption and body weight. In summary, body positively acti-
vates a variety part tissue to resist heat stress to protect itself. Moreover, 
heat stress can also dampen immune system seriously.

Key Words: chicken, transcription, microarray, heat stress, expression 
regulation

P468   The use of stable carbon isotopes for estimating turnovers 
of blood plasma in broiler chicks during growth phase. V. C. Peli-
cia1, J. C. Russo2, A. C. Stradiotti2, J. R. Sartori2, G. E. M. Pimenta2, 
R. S. S. G. Oliveira*2, R. Fasanaro2, F. Vercese2, I. M. G. P. Souza2, 
P. D. G. Pacheco2, W. T. Silva2, M. K. Maruno2, C. C. Miranda2, G. 
A. M. Pasquali2, C. Ducatti1, 1Institute of Bioscience, Sao Paulo State 
University, Botucatu, Sao Paulo, Brazil, 2Faculty of Veterinary Medi-
cine and Animal Science, Sao Paulo State University, Botucatu, Sao 
Paulo, Brazil.

Distinct stable isotopes have been used as tracers in organs and animal 
diet. Estimating the turnover in several animal tissues at any stage of 
animal’s life is information that will serve of base for other works in 
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the area of traceability of animal ingredients in broiler feeding, as well 
as in the metabolism and physiology area, which uses the technique of 
stable isotopes. To determine the blood plasma turnover of broiler chicks 
during growth phase through the natural variation of carbon-13 existent 
between C3 and C4 plants 200 one-day-old male Cobb chicks were used. 
At birth, the isotopic signature of carbon-13 of bird tissues was similar to 
their female broiler breeders which consumed a diet containing predomi-
nantly C4 plants (based on corn). Since birds were housed, they received 
diets containing predominantly C3 plants (based on rice) to evaluate the 
turnover of blood plasma. Blood plasma samples were collected at 28, 
29, 31, 33, 36, 39, 42, 49, 56, 63 and 77 d old (5 birds/day) to determine 
the isotopic ratio of carbon by mass spectrometry (IRMS). The data of 
isotopic ratio were linearized using the method of Cerling et al. (2007) 
being observed only one metabolic pool. Then, obtained isotopic ratios 
were analyzed through the first-order exponential equation (d13C(t) = 
d13C (f) + [d13C (i) - d13C(f)]e-kt) of Minitab software resulting in the 
equation: d13C = −26.44‰ + 6.61‰ e-0.4234t (r2 = 0.99), with a half-life 
(ln2/k) of 1.64 d and 10.88 d to complete exchange, namely about 50% 
of the blood plasma turnover during growth phase occurs in 1.6 d and 
takes 11 d to total turnover.

Key Words: development, metabolism, tracers

P469   Evaluation of the inter-species migratory ability of exog-
enous gonadal germ cells collected from endangered birds using 
a germ cell competition method. E. Mizuno*1,2, M. Onuma2, Y. 
Nakajima1, K. Murata3,5, M. Ueda3, E. Sunaga4, T. Shiraishi4, N. 
Ishikawa1, A. Asano1, and A. Tajima1, 1University of Tsukuba, Tsu-
kuba, Ibaraki, Japan, 2National Institute for Environmental Studies, 
Tsukuba, Ibaraki, Japan, 3Zoorasia Yokohama Zoological Gardens, 
Yokohama, Kanagwa, Japan, 4Preservation and Research Center/The 
City of Yokohama, Yokohama, Kanagwa, Japan, 5Nihon University, 
Fujisawa, Kanagwa, Japan.

Conservation of animal genetic resources is important to maintain 
genetic diversity on earth. The necessity to maintain genetic diversity 
is particularly crucial in avian, where 13% of known species is endan-
gered. There is an apparent necessity to develop a system to conserve 
and retrieve endangered avian species. It has been suggested that 
inter-species germline chimera technology, using poultry as germ cell 
recipients, can be applied to recall endangered birds. For the produc-
tion of inter-species germ line chimeras, exogenous germ cells need 
to migrate into allografic host gonads. The aim of present experiment, 
therefore, was to evaluate the inter-species migratory ability of exog-
enous gonadal germ cells (GGCs) collected from endangered birds 
using a germ cell competition method. Under intra-species condition, 
the migration index of GGCs isolated from left gonad of 6, 9, 12, 15 
and 18 d-old female White Leghorn (WL) embryos were estimated to 
be 29.2 ± 6.5%, 19.5 ± 7.4%, 2.8 ± 1.7%, 0.7 ± 0.5% and 3.7 ± 1.6% 
of PGCs, respectively (P < 0.05; 2-way ANOVA). Under inter-species 
condition, the migration index of GGCs isolated from 6.5 d-old Ciconia 
boyciana embryos were estimated to be 18.3 ± 2.4% of chick PGCs. 
Similarly the migration index of GGCs isolated from 10 d and 20 d-old 
Geronticus eremita embryos were estimated to be 2.3 ± 0.6% and 2.5 
± 1.0% of chick PGCs, respectively . These results indicate that GGCs 
from Ciconia boyciana and Geronticus eremita partly share the common 
migration system with chick PGCs. Future study should be directed 
toward examining the developmental ability of GGCs collected from 
endangered birds in chicken gonad.

Key Words: germ line chimera, primordial germ cell, gonadal germ 
cell, migration index, endangered bird

P470   Expression of digestive enzymes and nutrient transport-
ers in the small intestine of Eimeria acervulina-infected layers. S. 
Su*1, K. Miska2, R. Fetterer2, M. Jenkins2, and E. Wong1, 1Virginia 
Tech, Blacksburg, 2Beltsville Agricultural Research Center, USDA/
ARS, Beltsville, MD.

Coccidiosis is a major disease of poultry caused by the intestinal proto-
zoa Eimeria. Eimeria acervulina mainly infects the duodenum, causing 
lesions in epithelial tissue. The objective of this study was to investigate 
the effect of E. acervulina infection on the expression of 18 nutrient 
transporters and digestive enzymes and an antimicrobial peptide in the 
duodenum, jejunum, and ileum. Layers (Sexsals, n = 5) were infected 
orally with 200,000 E. acervulina oocysts/bird at d 21. Intestinal 
segments were collected 7 d after infection and gene expression was 
analyzed by real time PCR. Data were analyzed by ANOVA using JMP. 
As seen previously with E. maxima infected broilers, expression of the 
antimicrobial peptide LEAP-2 was downregulated to 17% of uninfected 
controls (n = 5) in the duodenum (primary site of infection) and increased 
2.8-fold in the ileum of E. acervulina-infected layers. Expression of 
amino acid transporters bo,+AT, BoAT, rBAT and EAAT3 was decreased 
to 35%, 20%, 28% and 19% of control, respectively, in the duodenum 
and 52%, 48%, 48% and 38% of control, respectively, in the jejunum of 
E. acervulina-infected layers. Sugar transporter GLUT2 was decreased 
to 28% and 42% of control in the duodenum and jejunum, respectively 
of E. acervulina-infected layers. Aminopeptidase N was decreased to 
47% of control in the duodenum and increased 1.6-fold in the ileum 
of E. acervulina-infected layers. The other 12 genes investigated were 
unaffected or showed less than a 2-fold change in gene expression. 
These results show that upon infection with E. acervulina, expression of 
LEAP2 is downregulated. In addition, there is a decrease in expression 
of the brushborder transporters EAAT3 and bo,+AT/rBAT, which would 
result in a decrease in the uptake of the energy source (glutamate) and 
some essential amino acids. We hypothesize that these changes will lead 
to cell death and affect the replication of E. acervulina and may represent 
a mechanism for fighting off an E. acervulina infection.

Key Words: Eimeria acervulina, nutrient transporters, LEAP-2

P471   Expression of digestive enzymes and nutrient transport-
ers in the intestine of Eimeria maxima infected chickens. E. A. 
Wong* and N. E. Paris, Virginia Polytechnic Institute and State Uni-
versity, Blacksburg.

The protozoa Eimeria invades and destroys intestinal epithelia, resulting 
in reduced feed efficiency and body weight gain and severe economic 
losses to the poultry industry. The objective of this study was to inves-
tigate changes in cellular gene expression, with a focus on digestive 
enzymes as well as macro and micronutrient transporters in the intestine 
following Eimeria maxima infection. Chicks at 2 wk of age were chal-
lenged with 10,000 E. maxima oocysts. Six days postchallenge chicks 
were killed and examined for intestinal lesions. Because E. maxima 
produces lesions mainly in the jejunum, gene expression was examined 
in jejunal tissue of chicks with lesion scores of 2 (LS2, mild) and 4 (LS4, 
severe). Data were analyzed by ANOVA using JMP with Tukey’s test 
for pairwise comparisons. Expression of the brushborder membrane, 
amino acid transporter EAAT3 was decreased to 39% (LS2) and 35% 
(LS4) of control and amino acid transporter bo+AT was reduced to 
20% (LS2) of control in the intestine of E. maxima infected chickens. 
At the basolateral membrane, expression of the amino acid transporter 
LAT1 was upregulated 19-fold (LS2) and 17-fold (LS4) and ASCT1 
was upregulated 12-fold (LS2) in E. maxima infected chickens, while 
the zinc transporter was decreased to 20% (LS2) and 44% (LS4) of 
control. In addition, expression of the antimicrobial peptide LEAP-2 



Poult. Sci. 92(E-Suppl. 1)160

was reduced to 5% (LS2) and 24% (LS4) of control. The other 13 
digestive enzymes or nutrient transporters examined were unaffected. 
Together these results suggest a model whereby, upon infection, E. 
maxima causes a downregulation of the antimicrobial peptide LEAP-
2. In response, there are changes in expression of the intestinal amino 
acid transporters that would result in a depletion of the cellular pools 
for energy (glutamate) and some essential amino acids. We hypothesize 
that these changes may lead to cell death and subsequent inhibition of 
pathogen replication, which may be part of the mechanism by which 
an animal attempts to fight off an E. maxima infection.

Key Words: nutrient transporter, Eimeria maxima, LEAP-2

P472   Turnover of carbon-13 in blood of colonial broiler chick-
ens. R. S. S. G. Oliveira*1, C. Ducatti2, P. C. Araujo1, M. K. Maruno1, 
V. C. Pelicia2, J. R. Sartori1, L. C. Dornelas1, C. C. Miranda1, R. 
Fasanaro1, M. M. Aoyagi1, N. C. Alexandre1, V. B. Fascina1, N. M. 
G. Causso1, and A. C. Pezzato1, 1Faculty of Veterinary Medicine and 
Animal Science, Sao Paulo State University, Botucatu, Sao Paulo, 
Brazil, 2Institute of Bioscience, Sao Paulo State University, Botucatu, 
Sao Paulo, Brazil.

The use of stable isotopes techniques gives us the potencial of practi-
cal applications for the traceability of by-products of animal origin in 
the feeding of broilers through the analysis of its fabrics. However, 
complementary studies are necessary to broaden the knowledge of 
isotopic assimilation in the avian tissues. This study focused on the 
evaluation of the carbon-13 turnover in blood of 3 colonial broilers with 
genetic potential of slow (Label Rouge), average (Vermelhão Pesado) 
and fast growth (Máster Griss), using the technique of stable isotopes. 
Nine hundred one-d-old chicks were housed and distributed into 6 treat-
ments. The feeding program was divided in 3 phases: initial feed 1–28 
d, growth feed 29–56 d and final feed 56–119 d of age, attending the 
nutritional requirements of the birds according to recommendations of 
Figueiredo et al. (2003). The weekly diet substitution allowed evaluat-
ing the turnover during the entire experimental period. Treatment 1(T1) 
received exclusively C3 diet from birds birth, Treatment 2 (T2) had its 
diet substituted in d 7, treatment 3 (T3) started to receive C3 diet in d 
14, treatment 4 (T4) had its diet substituted in d 21, treatment 5 (T5) 
in d 28, and treatment 6 (T6) in d 35.The isotopic rate were analyzed 
through a first-order exponential equation using OriginPro 8 Professional 
software which enables the calculation of the half-life of carbon-13 
(Ducatti et al., 2002). The Blood from Label Rouge, Vermelhão Pesado 
and Master Gris lineage showed a calculated carbon half-life of 4.72, 
4.89, and 4.27 d (T1); 5.04, 4.17, and 4.53 d (T2); 7.73, 7.53, and 9.43 
d (T3); 10.92, 12.03, and 9.90 d (T4); 10.52, 11.73, and 11.05 d (T5); 
9.79, 9.81, and 10.55 d (T6), respectively. Máster Gris lineage had the 
major blood metabolic turnover in all periods.

Key Words: stable isotope, half-life, C3 and C4 plants

P473   Influence of injection of ascorbic acid in eggs and varia-
tion of incubation temperatures on quality of chicks. S. Sgavioli, V. 
S. Morita, V. R. Almeida*, E. M. Oliveira, J. B. Matos Junior, M. F. F. 
M. Praes, E. B. Malheiros, and I. C. Boleli, Sao Paulo State University, 
Jaboticabal, Sao Paulo, Brazil.

This study examined if intra-egg injection of ascorbic acid (AA) before 
thermoneutral and hot temperature incubation influences chick quality. 
Five hundred eggs (67.0g ± 2.0g), from Cobb broiler breeder hens, at 
47 weeks old, were distributed homogeneously in 4 incubators with 
automatic temperature, spin and moisture control. The experiment 

consisted of a 5 × 2 factorial arrangement using 5 egg treatments × 2 
incubation temperatures 37.5 and 39°C. Prior to incubation the 5 egg 
treatments were: one consisting of eggs not injected and 4 consisting 
of eggs injected with AA diluted in 100μL of water at AA concentration 
levels of 0, 2, 4, and 6%. Absolute and relative weights of liver, heart, 
gizzard and yolk sac were obtained after hatching from 8 male chicks/
treatment. In the case of significant variance of data analyzed by the 
General Linear Model (GLM) of SAS the comparison of the means was 
performed using 5% probability by the Tukey test. The liver was heavier 
and the gizzard and the heart were lighter with incubation at 39°C. The 
increased liver development appears to be an adaptive response related 
to increased metabolism and high speed of embryo-fetal development 
induced by high temperature. Also at incubation 39°C heart hyper-
plasia occurred, which may cause a cardiac deficit and compromise 
post-hatching development, such as the later occurrence of ascites. 
Furthermore, there was a lower utilization of the yolk sac in chicks 
hatched at high temperature. This may affect the quality of the chicks 
by increasing mortality within the first week. Therefore, AA injection 
did not minimize the effects caused by high incubation temperature on 
the quality parameters of the analyzed chicks.

Key Words: ascites, heart, incubation

P474   The impact of genetics and thermal conditioning on 
bone mineralization in a comprehensive study of heat stress. C. 
M. Ashwell*1, A. E. Zavelo1, A. D. Mitchell2, C. J. Schmidt3, M. F. 
Rothschild4, M. E. Persia4, and S. J. Lamont4, 1North Carolina State 
University, Raleigh, 2Agriculture Research Service, Beltsville, MD, 
3University of Delaware, Newark, 4Iowa State University, Ames.

Identification of genomic markers for resistance to heat stress is one 
method to improve poultry production in challenging growth envi-
ronments. As a component of a larger animal study investigating the 
influence of genetic background and egg thermal conditioning on the 
post-hatch response to chronic, cyclic heat stress, the effects on bone 
mineralization were assessed. Bone mineral content (BMC) as well as 
bone mineral density (BMD) were measured using dual energy x-ray 
absorptiometry (DEXA). As reported previously, the Broiler and Fay-
oumi genetic backgrounds had different BMC and BMD (ANOVA, 
n = 30, P < 0.05). The most interesting observation was the effect of 
thermal manipulation during incubation on bone mineralization late in 
life (d 28). Increased incubation temperatures from embryonic d 7 to 16 
had a negative effect on bone mineralization. There was no significant 
impact of chronic heat stress from d 22 to 28 of age on BMC or BMD. 
These data provide an additional variable to consider when determining 
best practice for management and selection strategies influencing heat-
resistance and other production traits. Further studies will utilize the 
BMC and BMD phenotypes to investigate genome-wide associations in 
the advanced intercross of these 2 lines (F18). Funding: USDA-NIFA-
AFRI Climate Change Award #2011–67003–30228.

Key Words: climate change, heat stress, bone development, thermal 
conditioning, genetics

P475   Effects of hypoxia during incubation on growth perfor-
mance and carcass yields in broilers. P. A. Toro Velasquez*, K. C. 
Bicego, W. C. L. Nogueira, F. A. Souza, L. F. A. Souza, L. H. Garga-
glione, and M. Macari, São Paulo State University, Jaboticabal, SP, 
Brazil.

This study was conducted to evaluate the effect of hypoxia at different 
phases of incubation on the growth performance and carcass yields 
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of broiler. To this end, 3 groups of broiler eggs (Cobb 500) were dis-
tributed in a completely randomized design: normoxia for the entire 
period of incubation (N; 21% O2 during the 21 d), hypoxia during the 
first 7 d of incubation (HI; 15% O2) and hypoxia during the last 7 d of 
incubation (HL; 15% O2). One hundred 40 1-d-old chicks (male and 
female 50:50%) were distributed in a completely randomized design 
of 5 repetitions per treatment. Body weight (BW), BW gain, feed con-
sumption (FC), feed conversion ratio (FCR), at the ages of 21 and 42 
d were analyzed and yield of carcass, breast, thigh and drumstick and 
wing at 42 d. At 1 and 21 d, we observed differences in BW among 
treatments (P < 0.05): 40.45 g of HL vs. 46.90 and 46.88 g of N and 
HI, respectively, at 1d; 461.2 g of HL vs. 580.0 g and 597.2 g of N and 
HI, respectively, at 21 d. The carcass of N (78.41%) was significantly 
different (P < 0.005) from HI (80.47%) and HL (80.80%). There was 
no effect of hypoxia during incubation on BW gain, FC, FCR, yield of 
breast, thigh and drumstick and wing (P > 0.05). These results indicate 
that the reduction in O2 availability during incubation of broilers can 
affect the BW in the hatch and the first phase of life, but the animals 
show the capacity of compensatory growth during their productive life. 
Financial Support: FAPESP, CNPq, INCT Comparative Physiology.

Key Words: Cobb, compensatory growth, incubation, live performance, 
oxygen level

P476   Effects of hypoxia in the embryonic development and 
quality of broiler chicks. P. A. Toro Velasquez*, K. C. Bicego, F. 
Hada, M. F. Sarcinelli, K. S. Venturini, J. Sato, L. H. Gargaglione, and 
M. Macari, São Paulo State University, Jaboticabal, SP, Brazil.

We studied the effects of hypoxia at different phases of incubation on 
the development of different organs and the quality of broiler chicks. 
To this end, 3 groups of broiler eggs were distributed in a completely 
randomized design: normoxia for the entire period of incubation (N; 21% 
O2 during the 21 d), hypoxia during the first week of incubation (HI; 
15% O2) and hypoxia during the last week of incubation (HL; 15% O2). 
Embryo, hearth, liver, brain and yolk sac were weighted at the d 19 of 
incubation. The yolk sac was 24.34% heavier in the HL compared with 
the other groups (P < 0.05), while no significant difference of weighs 
of embryo, heart and brain among groups was observed. We observed 
that hypoxia at the beginning (HI) or end (HF) of incubation affected the 
embryonic development of broilers, since it increased the hatch window, 
birth delay and mortality. The mortality of N, HI, HT embryos was 27.87, 
40.98 and 31.15%, respectively. These results indicate that reduction 
of O2 availability can influence chick quality, and thus, monitoring of 
O2 fraction throughout the incubation is as important as the ambient 
temperature and humidity. Financial Support: FAPESP, CNPq, INCT 
Comparative Physiology.

Key Words: embryonic organ, hatch window, mortality

P477   Assessment of bioenergetics in AMPK-transfected leg-
horn male hepatocytes. A. Piekarski*, K. Lassiter, B.-W. Kong, and 
W. G. Bottje, Department of Poultry Science, University of Arkansas, 
Fayetteville.

Bioenergetic mechanisms responsible for ATP production are essential 
in carrying out cell-specific functions. A key gene involved in cell 
bioenergetics is AMP activated protein kinase (AMPK) that senses 
cell energy status and adjusts energy production to meet energy needs 
of the cell. The objective of the present study is to assess bioenergetics 
in Leghorn Male hepatocytes (LMH) using an XF24 Flux Analyzer 

(Seahorse Biosciences, Billerica, MA) with and without stable transfec-
tion of AMPK. In flux analysis, oxygen consumption rate (OCR) and 
extracellular acidification rate (ECAR) or proton production rate (PPR) 
are monitored to determine mitochondrial oxidative phosphorylation 
and glycolysis activity, respectively, in a monolayer of cells. Before 
bioenergetics profiles may be obtained, cell seeding density and chemi-
cal concentrations must be optimized. For bioenergetics analysis, basal 
OCR and ECAR (or PPR) are first determined followed by additions 
of oligomycin, FCCP (trifluorcarbonylcyanide phenylhdrazone), and 
antimycin A. Sequential additions of these chemicals enable determi-
nation of oxygen consumption linked to ATP synthesis, proton leak, 
non-cytochrome c oxidase activities, and reserve capacity of cells. 
Bioenergetics was assessed in control hepatocytes, in hepatocytes 
transfected with expression plasmids for either green fluorescent protein 
(transfection control) or an AMPK β 1 subunit. Initial studies indicate 
that as a percent of maximal oxygen consumption of cells, it appears 
that the LMH cells transfected with AMPK β-1 expression construct 
exhibited an increase in oxygen consumption associated with ATP 
synthase activity at the expense of reserve capacity when cells were 
provided only glucose as an energy source in the media. Further studies 
will determine effects of additional energy sources, additional AMPK 
expression constructs (e.g., gamma long and short chain), inhibition of 
AMPK activity on bioenergetics in LMH cells. Research supported by 
funds from Arkansas Biosciences Institute.

Key Words: hepatocyte, flux analysis, bioenergetics, transfection

P478   The effect of injecting hatching eggs with different con-
centrations of biotin on the embryonic development of the broiler 
chicken. S. Abdulateef* and M. Al-Bayar, College of Agriculture/
Poultry Sciences, University of Al-Anbar, Ramadi, Anbar, Iraq.

This study was conducted at the hatchery of Agricultural Research Sta-
tion in Iraq from 1st to 23th Dec. 2009, to 26 Feb. 2010. The objectives 
of this study was to investigate the effect of injected eggs hatching in 
times and different concentrations of Biotin in growth and embryonic 
development, hatchability. Six hundred eggs of hatching types (Arbor 
Acres) and injected with different concentrations of biotin at age of 0 
d (before placing in the hatchery) and 18 d of incubation. Eggs were 
divided into 5 groups (120 eggs for each) as follows: (1) T0: Control 
group placed in the hatchery without injection; (2) T1:Injected with a 
dose of 100 μg biotin at age of zero; (3) T2:Injected with a dose of 75 
μg biotin at age of zero; (4) T3: Injected with a dose of 100 μg biotin at 
age of 18 d of incubation; (5) T4: Injected with a dose of 75 μg biotin at 
age of 18 d of incubation. Statistical analysis was performed (CRD) (P 
= 0.065) results show: Increase in the length of the embryo, diameter of 
vascular region and the number of pairs of somites at 3 d of incubation 
for T2. Increase in the percentage of embryonic weight, decrease in the 
percentage of albumin and the percentage of shell at 7 d of incubation 
for T1 and T2. Increase in percentage of embryonic weight and amniotic 
sac and liquid, decrease in the percentage of albumin and yolk, at 14 d 
of incubation for T2. Increase percentage of embryonic weight, decrease 
in the percentage of yolk at the age of 17 d incubation for T2. Increase 
in hatchability of total eggs and fertilized eggs. Decrease in the embry-
onic mortality and in the different stages of embryonic development. 
Injected eggs concentration of 75 μg biotin / egg in 0 and 18 d. Led to 
give the best result to improve embryonic growth and reduce mortality. 
Consequently, increase hatchability and improve the quality of chicks, 
so increased weight of the chicks hatched.

Key Words: injection egg, biotin, embryonic development
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P479   Temperature changes during early incubation influence 
embryo, chick and 35-day broiler growth properties. C. Krischek*1, 
S. Janisch2, K. Wimmers3, R. M. Brunner3, and M. Wicke2, 1Institute 
of Food Quality and Food Safety, Foundation University of Veteri-
nary Medicine, Hannover, Germany, 2Department of Animal Sciences, 
Georg-August-University, Quality of Food of Animal Origin, Goettin-
gen, Germany, 3Research Unit Molecular Biology, Leibniz Institute for 
Farm Animal Biology (FBN), Dummerstorf, Germany.

It was shown that alterations of the incubation temperature within the first 
half of incubation, an important period of embryonic myogenesis, have 
an impact on the growth properties. In previous studies the growth effects 
of altered temperature were either analyzed before, or after hatch of the 
chicks. Aim of the present study was the analysis of the impact of higher 
and lower incubation temperatures during embryonic day (ED) 7–10 and 
ED 10–13 on the weights of embryos at ED 10 or 13, 1-d chicks and 35-d 
broiler. Therefore brooding eggs of a commercial broiler line (Cobb) were 
incubated at 1°C increased or decreased incubation temperature between 
ED 7 and 10 or ED 10 and 13, whereas the control eggs were incubated for 
the whole incubation period at 37.8°C. The body and liver weights of the 
ED 10- and ED 13-embryos as well as 1-d chicks (n = 8 per group) were 
determined. Sixty 1-d chicks per group (50% males, 50% females) were 
fattened and slaughtered at d 35. Data were statistically analyzed (ANOVA) 
using the incubation temperature groups as fixed effects. In the ED 7–10 
groups no effect of the temperature treatment on the embryo weights could 
be obtained. Reduction of the temperature between ED 10–13 resulted in 
lower (P < 0.05) body and liver weights of the low in comparison to the high 
temperature embryos. After hatch the 1-d chicks of the groups incubated at 
low temperature between ED 7–10 or ED 10–13 had higher (P < 0.05) body 
and liver weights than the respective chicks of the high temperature and 
control groups. However, at d 35 the broiler incubated at high temperature 
during embryogenesis again had higher (P < 0.05) body weights than the 
low temperature and control animals. The data show an inconsistent effect 
of transient elevation and reduction of incubation temperature during early 
embryogenesis on the growth of broiler. Molecular investigations are under 
progress to elucidate the mechanisms that influence the temperature related 
growth results, especially the different temperature effects on 1-d chicks in 
comparison to ED 10- and ED 13-embryos and 35-d broiler.

Key Words: broiler, incubation temperature, embryo, chick, growth

P480   Growth hormone regulation of IGF-I gene expression in 
chicken may be mediated by STAT5b binding site S26. Z. L. Gu*, 
H. J. Wang, L. Yang, J. F. Yu, and Y. P. Han, Changshu Institute of 
Technology, Changshu, Jiangsu, China.

The growth axis is a neuroendocrine system, which is composed of a 
series of hormones and their receptors in vivo of animals. GH medi-
ated by IGF-I regulates animal growth and cell differentiation. GH 
regulates IGF-I gene expression in mammals mediated by STAT5. 
In previous studies, we found the expression levels of IGF-I was 
upregulated by GH treatment in chicken hepatocytes. However, the 
mechanism of GH regulation of IGF I in chicken was unclear. The 
purpose of current study is to validate whether GH regulation of IGF-I 
was mediated by STAT5 binding sites in chicken. We searched conser-
vative STAT5b binding sites in chicken IGF-I gene and its upstream 
and downstream flanking ends using bioinformatics, and then verified 
whether these STAT5b binding sites can interact with STAT5b by 
cotransfection and dual-luciferase reporter assays, finally confirmed 
whether the chromosomal region containing the conservative STAT5b 
binding sites can bind to STAT5b by ChIP method. We found that 
there were 57 STAT5b binding sites (named as S1~n) in the chicken 
IGF-I gene of about 100 kb with about 50 kb gene length and its 5′ 
flanking sequence of about 40 kb and its 3′ flanking sequence of about 
10 kb, there were 2 potential STAT5b binding sites (S26 and S31) in 
the conserved regions compared with the corresponding sequences of 
human, the similarity was greater than 70%. GH increased reporter 
gene expression from the constructs containing S26 by 150% com-
pared with PBS (P < 0.01), and the mutation of the STAT5b-binding 
site completely abolished the GH response, while GH had no effect on 
reporter gene expression from the constructs containing S31. Either 
the GH treated group or the control group, STAT5b antibody enriched 
S26 significantly (P < 0.05), but S26 was higher in the GH treated 
group than the control group (P < 0.05). These results suggested that 
the conservative S26 of chicken IGF-I gene was the STAT5b binding 
site; and that GH treatment can enhance the combination of STAT5b 
with S26 site in IGF-I gene.

Key Words: chicken, growth hormone, IGF- I, Stat5, ChIP
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P481   Efficacy of low pH acid solution for reduction of bacteria 
in ground poultry frames. K. Beers*, P. Cook, A. Osborn, and S. 
Barclay, MCA Services, Rogers, AR.

Poultry frames used for the production of ground products have been 
associated with high levels of bacterial contamination in final ground 
poultry products. This study was designed to determine if the application 
of a low pH solution to frames at various points of processing would 
result in a decrease in bacterial load of the final ground frame product. 
Frames were treated with a low pH acid treatment (Citrilow) mimick-
ing 3 processing points in the plant; fresh frames, stored frames (held 
overnight); and coarsely ground frames (held overnight then ground). 
Treatment of whole frames was a 5 s dip at a pH of 1.2. Treatment of 
ground frames was coarsely grinding the frames, then adding a ratio of 
14 g of liquid to 454 g of product (control product used deionized water, 
treated product used acid solution). Seven application parameters were 
tested; treatment as a single point, treatment at 2 point combinations or 
treatment at all 3 points. Each application was replicated on 10 different 
frames. All samples were ground before test analysis. Each sample was 
weighed into 25 g samples, diluted and plated on aerobic plate count 
(APC) 3M Petrifilm. The Petrifilm was incubated at 35°C ± 1°C for 48 
± 2 h. All results were converted to log10 colony forming units/gram 
(cfu/g) and averaged for presentation. Untreated control samples had 
an average APC result of 4.03 log10 cfu/g. A single application point 
for the antimicrobial resulted in the greatest log reductions as follows: 
treatment of fresh frames resulted in a 1.99 log10 cfu/g reduction, 
treatment of stored frames resulted in a 1.26 log10 cfu/g reduction, and 
treatment of ground frames resulted in a reduction of 1.39 log10 cfu/g. 
Additional multiple applications of the antimicrobial solution did not 
show an increase reduction of APC as compared with the single appli-
cation point. All single application point results showed a significant 
reduction of APC bacteria as compared with the control (P < 0.05). This 
study shows the use of a low pH acid treatment will significantly reduce 
the bacterial contamination of processed poultry products, providing a 
safer product for human consumption.

Key Words: antimicrobial, food safety, acid solution, poultry product

P482   Changes of pale and dark turkey meat stored in oxygen-
rich and oxygen free modified atmosphere packages. C. Krischek*, 
I. Blacha, and G. Klein, Institute of Food Quality and Food Safety, 
Foundation University of Veterinary Medicine, Hannover, Germany.

Turkey meat is often stored in modified atmosphere packages (MAP) 
with high oxygen concentrations. This MAP storage is accompanied by 
increased shelf life and “fresher” appearance of the meat. However, if 
meat color within the same package differs, a negative impact on the 
consumers` buying behavior is possible. Therefore we wanted to clarify, 
how pale and dark turkey meat quality is affected by MAP storage and 
oxygen concentration of the MAP. Breast muscles were collected from 
54 turkey toms one day after slaughter. From each muscle 2 cutlets 
were cut and stored either in 80% O2, 20% CO2 (MAP1), or 80% N2, 
20% CO2 (MAP2) at 3°C (2 cutlets per package). Before packaging (d 
1), color and pH values were determined and samples for TBARS and 
total volatile basic nitrogen (TVB-N) analysis were collected. On d 4, 8 
and 12 analyses and collections were repeated (n = 18 per MAP variant) 
and liquid losses in relation to the cutlets` initial weights calculated. 
For statistical analysis (ANOVA) data sets were sorted into dark and 
pale meat (n = 27 per MAP variant/ color group) considering the mean 

value of the d 1 lightness (L*) results as limit. Before packaging, dark 
in comparison to pale meat had lower L* and yellowness (b*) and 
higher pH values (P < 0.05). In MAP1 and MAP2, pale cutlets had 
higher (P < 0.05) L* values compared with dark meat on d 4 and 8. On 
d 12, redness (a*) values of the dark cutlets in MAP1 were higher and 
in MAP2 lower (P < 0.05) in comparison to the pale cutlets. The loss 
of liquid was higher in the pale meat compared with the dark cutlets (P 
< 0.05) on d 8 and 12 in MAP1, but not in MAP2. The meat color and 
oxygen concentration of the MAP had no impact on the other results as 
well as TBARS and TVB-N contents. In conclusion, the continuous L* 
differences between pale and dark turkey meat up to d 8 indicate that 
both packaging variants cannot prevent color differences. Considering 
the results concerning the loss of liquid a negative impact of the high 
oxygen concentration on this parameter can be suggested. However, 
these results are unclear and need further investigation including meat 
of other poultry species.

Key Words: turkey, meat color, modified atmosphere packaging, meat 
quality

P483   Effect of dietary β-glucan on the performance of live 
broilers and the quality of broiler breast meat. D. U. Ahn*1 and 
I. Y. Lee2, 1Iowa State University, Ames, 2Naturence Co. Ltd., Sejong 
City, Korea.

β-1,3-Glucan is known to enhance immunity and bioactivity, and have 
antitumor, antibacterial and antiviral effects. Thus, β-glucan may be used 
as a replacement for dietary antibiotics in animal feeds. A total of 400, 
one-day-old commercial broiler chicks were divided into 5 diet groups 
(negative control, positive control group with 55 ppm Zn-bacitracin, 15 
ppm β-glucan, 30 ppm β-glucan, and 60 ppm β-glucan) and fed for 6 
weeks. All 5 diets were prepared on corn-soybean basal diet, which met 
or exceed the NRC requirements for birds during the trial. Ten broilers 
were allotted to each of 40 floor pens, weighed, and wing banded. Eight 
floor pens were randomly assigned to one of the 5 experimental diets. 
Each of the diet was fed to the broilers for 6 weeks with free access to 
water and diet. The survival rate, growth rate, feed efficiency, and feed 
conversion rate of the broilers were calculated. At the end of the feeding 
trial, the birds were slaughtered, breast muscles deboned, and color, 
water holding capacity, pH and lipid oxidation of the breast meat during 
storage were determined. No differences in feed consumption among 
dietary treatment groups were found during 6 weeks of feeding trial (P 
> 0.05). However, feeding diets containing high level of β-glucan (60 
ppm) showed higher feed efficiency and survival rate than the negative 
control. The survival rate of 60 ppm β-glucan-treated group was the 
same as that of the antibiotic-treated group, which showed the highest 
survival rate among the treatments. There was no significant difference 
in carcass yield, water holding capacity, pH, color, and TBARS values 
of chicken breast meat among the 5 treatment groups. Supplementation 
of 60 ppm β-glucan to broiler diet improved the survival rate and feed 
efficiency of broilers to the same level as 55 ppm Zn-bacitracin group. 
This indicated that use of β-glucan (60 ppm) can be a potential alterna-
tive to antibiotics to improve the survival and performance of broilers. 
However, dietary β-glucan showed no effects on the quality parameters 
of chicken breast meat.

Key Words: broiler, dietary β-glucan, survival rate, feed efficiency, 
meat quality
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P484   Separation of lysozyme and ovalbumin from chicken egg 
white. E. D. N. S. Abeyrathne1, H. Y. Lee1, and D. U. Ahn*2, 1Seoul 
National University, Seoul, Korea, 2Iowa State University, Ames.

Both ovalbumin and lysozyme have many functional properties, and 
can be used in food and pharmaceutical industries. The objective of 
this study was to develop a simple and sequential separation method 
for ovalbumin and lysozyme from egg white. Chicken egg white from 
10 eggs were pooled in a 1-L beaker, blended for 1 min using a hand 
mixer and used as a replication unit. Two hundred eighty milliliter of the 
pooled egg white was transferred to a 1-L beaker, added with 1 volume 
of distilled water (DW), homogenized using a hand mixer, and then used 
to separate lysozyme using Amberlite FPC 3500 ion exchange resin. The 
lysozyme bound to the resin was recovered using 0.1 N glycine-NaOH 
buffer containing 0.5 M NaCl. After separating lysozyme, the pH of the 
egg white solution was adjusted to 4.7 and centrifuged to remove inter-
fering proteins. The supernatant was collected, added with 2.5% citric 
acid and 5.0% ammonium sulfate combination to precipitate egg white 
proteins, except for ovalbumin. After centrifugation, both supernatant 
(S1) and precipitant were collected. The precipitant was dissolved with 
4 volumes of distilled water, and then 2.0% ammonium sulfate and 1.5% 
citric acid combinations added, stirred overnight in a cold room, and 
centrifuged. The resulting supernatant (S2) was pooled with the first 
supernatant (S1), desalted using an ultrafiltration unit, heat-treated at 
70°C for 15 min, and then centrifuged. The resulting supernatant was 
collected as an ovalbumin fraction and lyophilized. The whole procedure 
was replicated 3 times. The separated proteins were confirmed using 
Western blotting. The yield of lysozyme and ovalbumin was >88.9% 
and >97.7%, respectively, and the purity of lysozyme and ovalbumin 
was >97% and 87%, respectively. The results indicated that the protocol 
was simple, and separated lysozyme and ovalbumin effectively.

Key Words: ovalbumin, lysozyme, separation, egg white

P485   Effect of egg yolk specific antibodies on reducing colo-
nization of E. coli in intestine of broiler chickens. M. Shafiee1, S. 
Rahimi*1, M. A. Karimi Torshizi1, T. Zahraei Salehi2, and A. Rahimi3, 
1Tarbiat Modares University, Tehran, Tehran, Iran, 2University of 
Tehran, Tehran, Tehran, Iran, 3Islamic Azad University, Tehran, 
Tehran, Iran.

The study was conducted to evaluate the effect of dietary supplemen-
tation of specific egg yolk antibody (IgY) and egg yolk powder on 
growth performance and reduction of intestinal colonization of E. coli 
in broilers. For preparing egg yolk specific antibody and lyophilized egg 
yolk powder containing IgY, 10 Brown Egg Tetra-SL hens were hyper 
immunized with E. coli O2:K1 for 12 weeks period. One hundred and 20 
d-old broiler chicks were randomly divided to 4 treatment groups with 3 
replicates of 10 birds per replicate including: group A as negative control 
which did not receive E. coli challenge and antibodies; group B received 
a daily dose of 0.4% dried egg yolk in the diet; group C received daily 
30 mL antibody in 2.7 L of drinking water; group D as a positive control 
which received the basal diet without antibody and egg yolk powder but 
was challenged with E. coli. At 10 d of age, groups B, C and D were 
challenged with 1 mL suspension of E. coli 1 × 107 cfu/mL. All groups 
received diets with same level of energy and protein. FI, BW and FCR 
were measured weekly basis and at end of the experiment. To investi-
gate humoral immunity, chickens at ages 28 and 35 d were injected IM 
with 0.2 mL of a 5% saline suspension of SRBC. Blood samples were 
collected from each bird at 7 and 14 d PI. Anti SRBC antibody titers 
were determined using a micro hemagglutination technique. On d 42, 
one bird per pen was euthanized and ileal contents were collected for E. 
coli O2:K1 enumeration .The results indicated that number of E. coli in 

group D was significantly higher than other groups (5.66 log10 cfu/g). 
Number of E. coli in ileum content of the birds which received antibody 
in drinking water (5.53 log10 cfu/g) or diet supplemented with egg yolk 
powder (5.37 log10 cfu/g) was significantly lower than group D (P ≤ 
0.01). SRBC titer in specific antibody treatment groups (B and C) was 
significantly higher than control groups. Highest and lowest immune 
response was observed in groups B and D, respectively (P ≤ 0.01). It 
can be concluded that using specific egg-derived antibody reduces E. 
coli colonization in GI tract of chickens.

Key Words: broiler, egg yolk antibody (IgY), yolk powder, perfor-
mance, E. coli

P486   In vitro and in vivo addition of Hidrox 6% to poultry and 
its products. A. King*, J. Griffin, and F. Roslan, University of Cali-
fornia, Davis.

Hidrox 6%, a freeze-dried powder from olive (Olea europaea) 
juice extract, contains 8.82% polyphenols and a minimum of 2.5% 
3,4-dihydroxyphenyl ethanol (hydroxytyrosol), an effective free radical 
scavenger and the major antioxidant in the by-product. To assess its in 
vitro effectiveness in promoting feed consumption, weight gain and 
anti-oxidative capacity in postmortem tissue, Hidrox 6% was adminis-
tered ad libitum in water at 6 mg and 12 mg per bird per d for 6 wk in 
a factorial design: 3 diets (control plus 2 treatment levels) × 2 blocks 
× 2 replications. Results showed no enhancement across treatments 
for feed consumption, BW or feed conversion; overall means for these 
measurements were 5.49 kg per bird, 3.32 kg per bird and a 1.65 conver-
sion rate (feed:weight), respectively. Diagnostic examinations of 2 birds 
per pen over 6 wk revealed no adverse effects due to consumption of 
Hidrox 6%, a generally recognized as safe substance. Results indicated 
that Hidrox 6% did not retard lipid oxidation in Fresh, Heated or NaCl 
(1.0% w/w)/Heated/Stored meat as monitored by absorption values for 
2,20-diphenylpicrylhydrazyl (517 nm) and thiobarbituric acid reactive 
substances (532 nm). Hydroxytyrosol, as well as Hidrox 6%, is highly 
water soluble and may have been unavailable as an antioxidant in the 
tissue of broilers that did not consume water for 4 to 6 h before process-
ing. When added to processed thigh meat, 6% and 12% of Hidrox 6%, 
though not as effective as myricetin, reduced oxidation. Further assess-
ment revealed that hydroxytyrosol in Hidrox 6% (0.025% to 0.05%), 
added at 1/38th the concentration of myricetin, was 46% as effective.

Key Words: olive extract, Hidrox 6%, hydroxytyrosol, antioxidant

P487   Cross contamination potential of Salmonella spp. and E. 
coli in integrated farms. A. Andino*, S. Diaz-Sanchez, G. Trollins, 
and I. Hanning, University of Tennessee, Knoxville.

There is a concern with produce as a vehicle of foodborne infections 
since direct application of non-composted manure used as a vegetable 
fertilizer may be practiced in integrated farms. In order to analyze pro-
duction systems and evaluate food security risk management, samples 
were taken from one farm producing only fresh products (fruits and/or 
vegetables) with livestock farms nearby and two multi-commodity farms 
with both fresh products and livestock (poultry, beef cattle). From each 
farm samples were collected from fresh produce, livestock manure, soil 
and water to assay presence of Salmonella spp. and E. coli (STEC, E. coli 
O157:H7). The objective of this study was to determine the prevalence 
of Salmonella spp. and E. coli and antibiotic resistance in these bacteria 
isolated from integrated farms in the Knoxville, Tennessee area and the 
potential cross-contamination from manure to produce. From all the 
samples tested, none were positive for Salmonella spp. contrary to E. 
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coli, detected in the three farms sampled with an overall prevalence of 
66% (16/24). From all the E. coli culture positives, shiga toxin-encoding 
genes (stx genes) were detected in two water samples, and in one the H7 
gene was detected. In cattle feces from the same farm, the O157 gene 
was detected. All of these positive samples were obtained from the same 
farm. Furthermore, in one sample obtained from manure, the stx (stx1/
stx2) and O157:H7 genes were isolated. In the antibiotic resistance part 
of the study we obtained E. coli strains resistant to chloramphenicol from 
produce (40%) and soil samples (50%), to Tetracycline in produce (20%) 
and in water samples (50%) and to Gentamicin in samples collected from 
poultry and cattle feces (25%). The implications of the agricultural use 
of certain antibiotics could lead to the development of resistant bacteria 
including E. coli that can be present in the environment, the food chain 
and as consequence can affect human health. These factors need to be 
considered for further studies in order to trace back potential sources of 
foodborne pathogens contamination in integrated farms.

Key Words: Salmonella, E. coli, produce, antibiotic resistance

P488   Prevalence and distribution of Campylobacter, Esche-
richia coli, and aerobic bacteria in commercial poultry processing 
plants. N. Wideman*1, S. F. Bilgili1, H. Thippareddi2, L. Wang1, C. 
Bratcher1, and M. Singh1, 1Auburn University, Auburn, AL, 2Univer-
sity of Nebraska, Lincoln.

In commercial processing plants, scalders, pre-chillers, chillers, and 
post-chill dip tanks are important cross-contamination as well as 
intervention sites to impact (negatively or positively), the microbial 
populations on broiler carcasses. The purpose of this study was to survey 
prevalence and levels of Campylobacter, E. coli, and aerobic bacteria 
(APC) during production in 6 commercial poultry processing plants. On 
each sampling day, a manure grab sample (MGS) was collected from 
the shackling belt to assess incoming bacterial load. Overflow water 
samples (100 mL) were collected from scalder, pre-chiller, chiller, and 
post-chiller and mixed with sodium thiosulfate to neutralize residual 
antimicrobials. Aliquots of MGS and water samples were plated on 
Campy-Cefex agar, violet red bile agar, and plate count agar to determine 
the prevalence (%) and populations (Log10cfu/mL) of Campylobacter, 
E. coli, and APC, respectively. Samples were also enriched in Bolton 
broth and re-streaked to determine prevalence when Campylobacter 
populations were below detection limit. Campylobacter, E. coli, and APC 
were reduced significantly (P < 0.05) from MGS (5.62, 7.01 and 8.08 
Log10cfu/mL) to scalder overflow (2.19, 2.54 and 4.52 Log10cfu/mL), 
respectively. Campylobacter and APC continued to reduce significantly 
(P < 0.05) through the chiller overflow (0.34 and 1.30 Log10cfu/mL), 
respectively, whereas no reductions (P > 0.05) were observed for E. 
coli. Although Campylobacter, E. coli, and APC were detectable in the 
overflow of pre-chiller and chillers of all 6 plants, no detectable levels 
were observed in the post-chill dip tank overflow samples. The observed 
reductions in microbial populations may be attributed to process controls 
(temperature, fresh water input and counter-current flow), as well as 
antimicrobials (i.e., chlorine, peracetic acid) in processing water. The use 
of an antimicrobial in a post-chill dip tank was significantly associated 
with lower microbial prevalence/counts in this survey.

Key Words: poultry, Campylobacter, E. coli, processing water, 
antimicrobial

P489   Factors affecting the carcass and meat quality of adult 
emus Dromaius novaehollandiae transported for six hours prior to 
slaughter. D. G. Menon*, D. C. Bennett, and K. M. Cheng, University 
of British Columbia, Vancouver, BC, Canada.

A study was conducted to determine the transport shrinkage and meat 
quality characteristics including pH, drip loss, color in emu meat. Adult 
emus were transported for 6 h in 2 trials, one under warm weather (n 
= 24) and the other under cool weather (n = 18). The emus were rested 
overnight for 15 h before slaughter. The experiment was a randomized 
complete block split-split plot design, where the plot effect was the sex. 
The sub-plot factor was the trial and the sub subplot factor was post-
slaughter storage time. The 3 replicate groups within each trial were 
the blocking variables. The General Linear Model procedure of SAS 
was used to analyze the data. The shrinkage observed in Trial 1 (4.67 
± 0.40%) was significantly (P < 0.001) higher than that in Trial 2 (1.18 
± 0.52%). The pH recorded in thigh muscles at 45 min post-slaughter 
was significantly (P < 0.01) higher in Trial 1 (6.56 ± 0.04) than in Trial 
2 (6.31 ± 0.05). The pH of leg muscle at 45 min post-slaughter was also 
significantly (P < 0.01) higher in Trial 1 (6.77 ± 0.04) than in Trial 2 
(6.02 ± 0.05). The ultimate pH observed at 24 h post-slaughter in thigh 
muscle was significantly (P < 0.05) higher in Trial 1 (6.14 ± 0.07) than 
in Trial 2 (5.88 ± 0.09). The ultimate pH in leg muscle also was sig-
nificantly (P < 0.05) higher in Trial 1 (6.38 ± 0.05) than Trial 2 (5.97 ± 
0.07). The drip loss measured in leg muscle at 24 h post-mortem in Trial 
2 (0.69 ± 0.07%) was significantly (P < 0.01) lower than that in Trial 
1 (1.09 ± 0.07%). The drip loss measured after 5 d of storage at 2°C in 
thigh muscle was also significantly (P = 0.001) higher in Trial 1 (1.45 
± 0.09%) than Trial 2 (1.22 ± 0.05%). Lightness and chroma values of 
emu meat in the 2 trials were similar. This study revealed that thermal 
stress could increase shrinkage, pH, and drip loss and thus deleteriously 
affect emu meat quality.

Key Words: emu, stress, meat quality, pH, drip loss

P490   Lipid oxidation and water activity in meat of spent 
breeder hens and cocks. J. L. M. Mello*, R. A. Souza, F. B. Ferrari, 
A. B. B. Rodrigues, A. Giampietro-Ganeco, H. Borba, and P. A. Souza, 
Universidade Estadual Paulista, Jaboticabal, Sao Paulo, Brazil.

The aim of this study was to evaluate the lipid oxidation and water 
activity in breast and leg (thigh + drumstick) muscles of spent breeder 
hens and cocks, so that it can be used in value added products. Carcasses 
of 20 disposal hens and cocks of Cobb lineage were purchased from a 
commercial slaughterhouse and used in this study. After deboned, the 
breast and leg muscles were collected and ground to determine the lipid 
oxidation and water activity (aw). The lipid oxidation was evaluated by 
measuring substances reactive to thiobarbituric acid (TBARS). The 
aw was measured using the water activity analyzer Aqualab (Decagon 
Devices Inc.), that bases its measure on the dewpoint technique. The 
design used was a completely randomized design with a 2 × 2 factorial 
arrangement (2 sexes x 2 commercial cuts) with 10 replications. There 
was a significant interaction between sex and commercial cuts of birds 
for TBARS variable. Males showed breast meat more oxidized than 
female’s (0.371 and 0.257 mg TMP/kg, respectively) and leg meat less 
oxidized than female’s (0.698 and 1.075 mg TMP/kg, respectively). 
Regardless of sex, the meat from leg muscles showed higher TBARS 
compared with breast meat, probably due to higher fat content in thighs 
and drumsticks. There was difference (P < 0.05) between males and 
females for aw variable, since cocks showed lower water activity than 
breeder hens (0.972 and 0.976, respectively). The sex of the bird influ-
ences the intensity of lipid oxidation, water activity and, consequently, 
the velocity of deterioration of poultry meat products.

Key Words: broilers, deterioration, disposal, meat quality, rancidity
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P491   Weight cooking loss and shear force of pectoralis major 
and biceps femoris muscles of cocks and spent breeder hens. J. L. 
M. Mello*, R. A. Souza, F. B. Ferrari, A. B. B. Rodrigues, A. Giampi-
etro-Ganeco, H. Borba, and P. A. Souza, Universidade Estadual Pau-
lista, Jaboticabal, Sao Paulo, Brazil.

The aim of this study was to evaluate the cooking loss and tenderness 
in breast and drumstick meat of cocks and spent breeder hens, so that it 
can be better utilized and valued in developing meat products. Carcasses 
of 20 disposal hens and cocks of Cobb lineage were purchased from a 
commercial slaughterhouse and used in this study. After deboned, the 
pectoralis major and biceps femoris muscles were collected to determine 
the weight cooking loss (WL) and shear force. To evaluate the WL, the 
samples were previously weighed, packed in plastic bags and cooked 
in water bath (85°C) during 30 min. After cooling, the samples weight 
loss was determined by difference between initial and final weights 
and expressed as a percentage. Of the cooked samples, subsamples 
with known area (cm2) were obtained. These were subjected to cutting 
in texturometer Texture Analyzer TA-XT2i with the fibers oriented 
perpendicularly to the Warner Bratzler device, which determined the 
shear force in kgf. The design used was a completely randomized design 
with a 2 × 2 factorial arrangement (2 sexes × 2 muscles) with 10 repli-
cations. There was no significant interaction between sex and muscle, 
and there was no difference (P > 0.05) between males and females for 
weight cooking loss and tenderness. The WL was equal to 34.36% and 
36.33% and shear force equal to 2.687 kgf/cm2 and 2.385 kgf/cm2, for 
males and females, respectively. There was a difference between muscle 
types analyzed (P < 0.01). The breast meat showed lower weight loss 
(32.41%) and lower shear force (1.540 kgf/cm2) than drumstick’s meat 
(38.28% and 3.532 kgf/cm2, respectively). The sex of the bird did not 
influence the final result of the laboratory analysis. It is possible to use 
samples from mixed creations. There is a variation of weight cooking 
loss and tenderness among different muscles of disposal birds.

Key Words: breast, disposal, drumstick, meat quality, tenderness

P492   Effects of different rearing systems on growth, slaughter-
ing performances and meat quality of Beijing-you chicken. L. Qu*, 
D. Zhang, D. Fu, K. Li, P. Wang, H. Jie, J. Zheng, G. Xu, and N. Yang, 
China Agricultural University, Beijing, China.

Beijing-you is a Chinese local chicken which is raised as both meat and 
egg type. Generally, the chicken will be slaughtered at about 25–45 wk 
of age for meat product. In the present study, we detected the effects of 
different rearing systems on growth, slaughtering performances and meat 
quality of Beijing-you chickens at 26–40 wk of age. Six hundred Beijing-
you hens were randomly allocated into 2 groups (300 per group) at the 
16 weeks of age. The 2 groups were raised at free range and battery cage 
systems respectively. The body weight (50 individuals in each group), 
slaughtering performance and meat quality including microstructure of 
meat fiber were measured for each group at the ages of 26, 30, 35 and 
40 weeks. Only some traits showed significant difference between the 
2 systems. The body weight decreased significantly in free range group 
compared with cage group at 26 weeks of age. Breast muscle weight 
of 35 wk and abdominal fat weight at 40 wk in free range group were 
significantly improved compared with cage group(P < 0.05), and thigh 
muscle weights of 40 weeks were significantly lower than cage group 
(P < 0.05). The content of the breast muscle intramuscular fat in the 
free range group was significantly lower than those in the cage group 
(P < 0.05) at 40 weeks of age. For the microstructure of meat fiber, 
we found that the diameter of thigh and breast muscle fiber in the free 
range group were significantly increased than in the cage group (P < 
0.05) at 26 weeks of age. The ratio of fast muscle fiber in thigh muscle 

samples of free range group was significantly reduced compared with 
that of cage group at both 35 and 40 weeks of age (P < 0.01), indicat-
ing that the free range system could promote the transforming of fast 
muscle fiber to the slow muscle fiber. The 2 rearing systems almost 
had no significant effects on body and muscle weight and slaughtering 
performance. However, some meat traits were significantly influenced 
by the 2 systems. Appropriate rearing systems can be chosen to meet 
various requirements for chicken products.

Key Words: Beijing-you chicken, rearing systems, growth performance, 
meat quality, microstructure

P493   Antimicrobial effect of essential oils against different bac-
terial strains. M. H. Rostagno*1, G. Schaefer2, A. D. B. Melo2, A. F. 
Amaral2, and L. J. Lara2, 1USDA-ARS, West Lafayette, IN, 2Purdue 
University, West Lafayette, IN.

Essential oils are increasingly being used as feed additives to promote 
health and growth in poultry production. The antimicrobial activity of 
essential oils is widely accepted, but scarcely understood. Moreover, 
very little attention has been given to their potential misuse resulting in 
bacterial sub-lethal concentrations. Therefore, a study was conducted 
to investigate the antimicrobial activity and to determine the mini-
mum inhibitory concentration (MIC) of essential oils from Origanum 
vulgare (oregano), Melaleuca alternifolia (tea tree), Cinnamomum 
cassia (cassia) and Thymus vulgaris (white thyme) against Salmonella 
Typhimurium, Salmonella Enteritidis, Escherichia coli, Staphylococ-
cus aureus, and Enterococcus faecalis. The MIC of the essential oils 
studied was determined by disk diffusion and broth dilution methods (3 
independent replicates for each strain, oil and method). All essential oils 
tested showed antimicrobial effect against all bacterial strains, suggest-
ing a broad spectrum against gram-positive and gram-negative bacteria. 
However, MICs for gram-negative bacteria were the same, or in most 
of the cases, lower in comparison to MICs for gram-positive bacteria, 
suggesting higher sensitivity to the oils tested. Overall, the white thyme 
oil had the strongest (P < 0.05) antimicrobial effect (0.015 - 0.06%), 
followed by the oregano (0.03 – 0.06%), cassia (0.03 – 0.25%) and 
tea tree (0.12 – 0.25%) oils. The MICs determined by broth dilution 
were significantly lower (P < 0.05) than MICs determined by disk dif-
fusion. This study demonstrates the powerful antimicrobial effect of 
essential oils. However, it also shows that results need to be cautiously 
interpreted, taking into consideration the antimicrobial susceptibility 
methods applied. Even though essential oils are assumed to be safe 
additives, further studies are needed to better understand their effects on 
microbial populations. Therefore, studies on the potential development 
of resistance to essential oils, as well as cross-resistance to antibiotics 
through exposure to bacterial sub-lethal concentrations of oils (i.e., 
sub-MIC) are currently in progress.

Key Words: essential oil, antimicrobial, feed additive, bacteria

P494   Lipid oxidation stability of fresh and cooked meat balls 
from broilers supplemented with pacari (Lafoensia pacari) and 
barbatimão (Stryphnodendron adstringens) extracts in the diets. C. 
B. Lima, A. M. C. Racanicci, D. L. Migotto*, G. R. Oliveira, C. B. 
Tanure, T. C. Souza, and S. Amador, University of Brasilia, Brasilia, 
DF, Brazil.

This study aimed to determine the effects of the dietary supplementation 
with extracts of pacari (Lafoensia pacari) and barbatimão (Stryphno-
dendron adstringens) on the protection of fresh breast and thigh chicken 
meat balls compared with the control; and to evaluate its antioxidant 
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capacity after cooking. Three hundred and 50 male Cobb broilers were 
randomly distributed in 7 treatments with 5 replications of 10 birds 
each and fed balanced corn-soybean diets supplemented with extracts of 
pacari and barbatimão in 3 different concentrations (200ppm, 400ppm 
and 600ppm) plus a negative control. At 41 d of age, 10 birds per treat-
ment were slaughtered; breast and thigh meat was deboned, vacuum 
packaged and stored frozen for 28 and 43 d consecutively. Subsequently, 
the meat was minced, pooled and mixed to 0.5% of salt to prepare meat 
balls (30 ± 0.5g). Half of the meat of each treatment was kept at 4°C 
and analyzed fresh, and the other half was vacuum packed and cooked 
at 100°C for 10 min. The changes in lipid oxidation in fresh and cooked 
samples were analyzed evaluating concentration of TBARS (Thiobar-
bituric acid reactive substances) in duplicate, according to Madsen et 
al. (1998). Data was analyzed through SAS using proc glm and demon-
strated that the addition of plants extracts showed no significant effect 
on protection of lipids in fresh meat balls. As expected, cooking sig-
nificantly accelerated (P < 0.0001) lipid oxidation in chicken meat balls 
when compared with fresh samples. The supplementation of 400ppm 
of pacari extract showed significant antioxidant effect (P < 0.005) over 
breast meat, preventing lipid oxidation during cooking, when compared 
with other treatments and control, suggesting antioxidant capacity. The 
dietary addition of pacari extract at 200ppm (P < 0.0001) and 400ppm (P 
= 0.0149) and barbatimão extract at 400ppm (P < 0.0001) and 600ppm 
(P = 0.0064) was effective to prevent lipid oxidation on thigh cooked 
meat balls, when compared with control.

Key Words: TBARS, natural antioxidant, Brazilian plants, lipid 
oxidation

P495   Construction, expression, characterization and antige-
nicity of recombinant flagellar capping protein of the food-borne 
pathogen Campylobacter jejuni. H. Yeh*, K. Hiett, J. Line, and B. 
Seal, USDA-ARS, Athens, GA.

Campylobacter jejuni is the leading foodborne pathogen of human acute 
bacterial gastroenteritis worldwide. Chickens are regarded as a major 
reservoir of this microorganism. Reduction of the number of Campylo-
bacter on poultry carcasses or during production results in reduction of 
human campylobacteriosis cases. Therefore, many strategies for reduc-
tion of this microorganism in the broiler chickens have been investigated. 
One of these strategies is through vaccination. Because bacterial flagella 
are involved in motility, adhesion, quorum sensing and other virulence 
activities, we targeted the flagella, which are composed of more than 35 
subunit proteins, for exploring it as a potential vaccine candidate. In this 
communication, the flagellar capping subunit protein, FliD, encoded by 
the fliD gene, from Campylobacter jenuni D1–39 isolate was expressed 
and characterized, and its antigenicity was determined. The fliD gene 
contained 1929 nucleotides (GenBank accession number KC618388), 
potentially encoding a 642 amino acid peptide with the calculated 
molecular mass of 69.6 kDa. This gene was amplified and overexpressed 
in a pRham Escherichia coli Expression System. The recombinant FliD 
protein was purified by a cobalt-chelating affinity chromatography, and 
confirmed by nucleotide sequencing of the plasmid, SDS-PAGE analysis, 
the His tag detection and MALDI-TOF analysis. The immunoblot data 
showed that the purified recombinant FliD protein reacted strongly to 
sera from 18 broilers at the ages of 4 weeks and older, implicating that 
this anti-FliD antibody may be prevalent in the poultry population. These 
results provide a rationale for further evaluation of the FliD protein as 
a vaccine candidate for broiler chickens so that food safety for poultry 
can be improved. This FliD protein may also hold important insights 
for Campylobacter jenuni commensalism in chickens and pathogenesis 
in humans.

Key Words: Campylobacter jejuni, food-borne pathogen, fliD, flagellar 
capping protein, recombinant protein

P496   Stress induced adaptive tolerance response influences 
virulence in Campylobacter jejuni. G. S. Kumar-Phillips* and M. 
Slavik, University of Arkansas, Fayetteville.

Campylobacter jejuni, the major cause of human gastroenteritis, is a 
fragile bacterium requiring special conditions in the laboratory for its 
growth. In nature, however, this organism is able to survive in very 
diverse and hostile environments and produce disease in humans. The 
mechanisms that the organism has evolved for its survival in stressful 
conditions are not fully understood. An adaptive tolerance response has 
been found to help this bacterium in surviving stresses. To determine the 
effect of acid-adaptation and exposure to secondary stresses on virulence, 
the expression of virulence genes such as cadF, flaA and sodB were 
studied on various C. jejuni strains after exposure to an acid pH of 5.5 
for the acid-adaptation and then re-challenged with secondary stresses 
such as acid (pH 4.5), salt (3% NaCl) and starvation. Acid-adapted cells 
were found to have higher viability and upregulation of virulence genes, 
but these were found to be dependent on factors such as the type of iso-
late, time of acid-adaptation and type of secondary stress. These results 
indicate that C. jejuni surviving stress may be more resistant to further 
stress such as passage through the human gastrointestinal tract and that 
stress may be a significant factor in inducing some virulence genes.

Key Words: Campylobacter jejuni, adaptive tolerance response, viru-
lence, stress

P497   Temperature effect on the growth of non-adapted and 
acid-adapted Salmonella Heidelberg and Listeria monocytogenes. 
J. M. Smith*, S. F. Bilgili, and M. Singh, Auburn University, Auburn, 
AL.

Salmonella and Listeria spp. are common causes of foodborne illness in 
the United States and can both be attributed to poultry products. Fresh 
and further processed poultry products are commonly implicated in 
Salmonella and Listeria outbreaks, respectively. A multi-hurdle approach 
is essential for control of such foodborne pathogens and can involve use 
of various acidic and non-acidic treatments. Efficacy of such treatments 
depends upon several factors including the type of bacteria and it’s spe-
cific characteristics. The objective of this study was to understand growth 
patterns of non-adapted and acid-adapted Salmonella Heidelberg and 
Listeria monocytogenes at different incubation temperatures. Salmonella 
Heidelberg and Listeria monocytogenes were grown separately in 200 
mL of BHI broth and BHI broth supplemented with 1% glucose (BHI+G) 
at 2 temperatures (37 and 42°C). In addition to pH measurement, non-
adapted and acid-adapted L. monocytogenes were plated on MOX and 
PCA agars at one-hour intervals for 20h; S. Heidelberg cultures were 
sampled in a similar manner and plated on XLT-4 and PCA agars. For 
S. Heidelberg and L. monocytogenes no differences (P > 0.05) in growth 
rates of non-adapted and acid-adapted cells were observed, irrespective 
of incubation temperature and broth composition. However, exponential 
growth for acid-adapted cells started after 2h of incubation, while for 
non-adapted cells it started after 4h of incubation at 37 and 42°C for S. 
Heidelberg. For L. monocytogenes, exponential growth started after 2h 
of incubation for acid-adapted and non-adapted cells at 37 and 42°C. 
The final pH of BHI+G broth was 4.91 as compared with 5.15 for 
BHI broth in which L. monocytogenes was cultured. For Salmonella 
Heidelberg growth, the final pH was observed to be 5.33 and 5.70 for 
BHI+G and BHI broths, respectively. Lower average pH measurements 
of acid-adapted cultures and their ability to grow in such environments 
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demonstrate that intervention strategies should be designed to target 
lower pH values to prevent bacterial survival during processing.

Key Words: Salmonella, Listeria, processing, acid-adaptation

P498   Salted and preserved duck eggs: a consumer market seg-
mentation analysis. J. A. Arthur*, K. Wiseman, and K. M. Cheng, 
University of British Columbia, Vancouver, BC, Canada.

The increasing ethnic diversity in North America and the growing 
consumer support for local food products may represent opportunities 
for local producers and processors to substitute imported ethnic foods. 
Our study examined the ethnic Chinese (pop. 402,000) market for salted 
and preserved duck eggs in Vancouver, BC, Canada. The objective of 
the study was to develop a segmentation model based on survey data to 
categorize consumer groups based on their concerns and buying habits; 
post-segmentation acculturation scores (AS) and demographics further 
defined groups. Data were gathered via a survey of randomly selected 
Vancouver households with Chinese surnames (n = 410), targeting the 
adult most responsible for grocery shopping. Based on a series of 5-point 
Likert scale questions, preliminary principal component analysis and 
a 2-step cluster analysis procedure were used to segment the markets. 
Results suggested 4 buyer segments for each egg type, described as 
Enthusiasts, Potentialists, Pragmatists, Health Skeptics (salted duck 
eggs)/Neutralists (preserved duck eggs). Kruskal Wallis tests and post 
hoc Mann-Whitney tests with Bonferroni correction found significant 
differences (P < 0.008) between buyer segments in their attitudes and 
importance placed on product characteristics, with the exception of the 
“quality satisfaction” variable for salted duck egg segments, X2 = 1.44 
(3), P = 0.70. Comparing segments: Preserved Enthusiasts had a sig-
nificantly lower AS compared with all others; salted Enthusiasts had a 
lower AS compared with Health Skeptics, U = 825.0, P < 0.001; Health 
Skeptics, Pragmatists, and preserved Potentialists were significantly 
biased against Chinese imports; all segments rated “produced in BC, 
not mainland China” products as “neutral – very likely” to increase 
their satisfaction, and indicated a willingness to pay at least 10% more 
for BC produced products versus imports, all other characteristics 
equal. Overall results indicate opportunities exist for local producers 
and processors: Chinese Canadians with lower AS form a core part of 
the potential market.

Key Words: salted and preserved duck egg, market segmentation, 
survey, Chinese Canadians

P499   Carcass traits of alternative breed meat birds provided 
either a self-selected feeding program or a complete broiler starter 
diet. 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.

The objective of this study was to evaluate the carcass yield and 
composition of alternative chicken breeds/strains raised for meat 
production. Birds were raised on a self-selection feeding program that 
included a protein concentrate (39% CP) without added methionine 
and 3 grains that were similar in energy content, but differed in protein 
and methionine content (cracked corn, naked oats, and pearl millet). 
The breeds utilized were Cornish Cross males (CCM), Cornish Cross 
females (CCF), Red Rangers males (RR), and males from 3 heritage 
breeds (Rhode Island Red (RIR), Barred Plymouth Rock (BPR), and 
Black Australorp (BA)). Birds were processed when the average body 
weight for the breed/strain reached 2300 g. CCM, CCF, and RR reached 
this weight at 7, 8, and 9 weeks respectively. At 10 weeks of age, the 

heritage breeds had not yet reached target weight and were split into 2 
groups – one remaining on self-selection and one placed on a complete 
broiler starter diet (3084 kcal/kg, 22% CP). The heritage breeds reached 
target weight at 20 weeks of age. The parameters measured at process-
ing included live weight, WOG weight, part weights (boneless breasts 
with skin, whole legs, and wings), fat pad weight, and giblet weight. 
CCM and CCF had significantly higher WOG yields when compared 
with the other breeds/strains (73.7 vs. 67.5%, P < 0.0001). CCF had 
significantly higher boneless breast yields than CCM, and both had 
significantly higher yields than the other breeds/strains (25.4 vs. 23.0 
vs. 13.0%, P < 0.0001). Conversely, leg and wing yields were lower for 
the CCM and CCF than for the other breeds/strains. As a percentage of 
live weight, liver weights were higher for the CCM, CCF, and RR than 
for the heritage breeds. CCM, CCF, and RR had significantly smaller 
gizzards than the heritage breeds on self-selection diets. Fat pad weight 
varied by breed with no consistent pattern. Heritage breeds switched 
to broiler starter had significantly smaller gizzards (1.92 vs. 2.28%, P 
= 0.0262) and smaller fat pads (0.94 vs. 1.77%, P = 0.0014) than those 
remaining on self-selection.

Key Words: self-selection feeding, alternative breeds, broilers

P500   Comparative evaluation of textured wheat ingredients 
and soy proteins in the quality and acceptability of chicken nug-
gets. M. C. Yeater*, C. Z. Alvarado, and R. K. Miller, Texas A&M 
University, College Station.

Chicken nuggets are commonly made with varying levels of textured 
vegetable proteins such as soy and wheat, for their ability to bind water 
and their meat like conformation. This project compared textured wheat 
proteins and soy proteins at 10%, 20%, 30%, and 40% in both emulsified 
and non-emulsified chicken nuggets. A total of 6,048 chicken nuggets 
were evaluated in replications for batter breader pickup (%), par fry 
yield (%), cook loss (%), L*, a*, b* color value, texture profile analysis, 
and sensory analysis. Analysis was conducted for all 4 concentrations 
of wheat and soy treatments then compared with each other and an 
all-white meat chicken nugget control. All data was analyzed with 
a α < 0.05 using SAS with PROC GLM and Duncan’s MRT, except 
for sensory data which was analyzed as a complete randomized block 
design using ANOVA with a α < 0.05, and was analyzed using SAS 
with PROC GLM. Results indicated that no notable trends were appar-
ent in the quality testing. A trained sensory panel determined that Soy 
flavor was more detectable at 20% and 30% than wheat flavor was at 
similar levels. The results indicate that wheat proteins can replace soy 
proteins for functional properties in both emulsified and non-emulsified 
chicken nuggets at all concentrations evaluated. It was also determined 
that wheat proteins could be used at levels up to 30% without imparting 
a noticeable flavor.

Key Words: chicken nugget, textured vegetable protein, soy, wheat

P501   Effect of thawing methods on cook yield of frozen broiler 
breast fillets deboned at different postmortem times. H. Zhuang* 
and E. M. Savage, USDA-ARS, Athens, GA.

The influence of thawing conditions on weight loss or cook yield of 
frozen red meat has been extensively studied and results varied with 
meat types. There is a lack of information about the effect of thawing 
methods on cook yield of frozen white meat. The objective of the present 
study was to investigate effects of 3 different thawing methods on cook 
yield of white meat using broiler breast fillets (pectoralis major) deboned 
at different postmortem times. Breast fillets were hot-boned (about 45 
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min postmortem), cold-deboned 2 h postmortem, or cold-deboned 24 h 
postmortem from Broiler carcasses (42-d old birds). Samples were then 
individually weighed, vacuum packed in cooking bags, and stored in 
a −20°C freezer. Frozen fillets were thawed in a refrigerator (2°C) for 
24 h, in a water bath (22°C) for 2 h, or thawed during cooking (cooked 
directly from a frozen state). The samples were cooked in a combi oven 
to the endpoint temperature of 78°C. Results showed that overall cook 
yield of the hot-boned fillets was higher (P < 0.01) than that of the cold-
deboned fillets (by 2.7%). Cooking after thawed resulted in higher (P < 
0.01) cook yield (by more than 2.5%) than cooking from frozen. For the 
cold-deboned fillets (regardless of cold-deboning time), there were no 
differences between the 3 thawing methods for cook yield. However, for 
the hot-boned sample, the thawing method significantly affected cook 
yield of the frozen fillet (P < 0.01). These results suggest that thawing 
methods can affect cook yield of frozen white meat, and the effect may 
vary with the time breast meat is removed from carcasses.

Key Words: broiler, breast meat, deboning time, thawing method, 
cook yield

P502   Functional properties of eggs from chickens fed a high soy 
or standard diet raised in free-range or caged environments. A. 
P. Saunders*, M. Parisi, J. K. Northcutt, and P. L. Dawson, Clemson 
University, Clemson, SC.

Controlling factors affecting the functional properties of eggs (coagula-
tion, foaming and emulsifying) is of interest due to the possible effects 
on processing time, final product quality and monetary cost. Previous 
research has focused on the effect of the hen’s diet on the quality and 
nutritional composition of the eggs. This research investigated the effect 
of living environment and increased percentage of soy in the feed on 
the function properties of the produced eggs. A total of 25 angel food 
cakes, custards and sponge cakes were all prepared from eggs harvested 
from hens fed a high soy or standard diet and grown in a free-range or 
caged environment to examine the functional properties of the albumen, 
yolk and whole egg, respectively. There was no effect on the functional 
properties eggs harvested from layers grown in the different environ-
ments. Sponge cakes baked from eggs of chickens on a standard diet 
yielded average compression of 265.4 g-force for free-range chickens 
versus 287.8 g-force for chickens in battery cages. Sponge cakes baked 
from eggs of chickens on the high soy diet yielded 307.4 g-force for the 
average compression for free-range chicken eggs, and 394.8 g-force for 
the average compression for battery cage chicken eggs. The angel food 
cakes from the eggs of chickens fed standard feed yielded 563.0 g-force 
for the free-range chickens and 510.4 for the battery cage chickens while 
the high-soy angel food cakes gave 609.6 g-force and 623.7 g-force for 
the free-range and battery cage chicken eggs respectively. The results 
indicate that more force was required for a 25% compression in both 
the angel food cakes and the sponge cakes prepared from eggs from 
chickens fed a high soy diet but that there was little difference between 
the living environments.

Key Words: egg functionality, high-soy diet, free-range, caged 
environment

P503   Efficacy of commercial antimicrobials against Salmonella 
sp. in ground chicken. G. A. Veluz*, G. C. Casco, and C. Z. Alvarado, 
Texas A&M University, Poultry Science Department, College Station.

The efficacy of 3 commercial antimicrobials was evaluated separately 
in the study. Chicken trims (skin-on) were purchased from local sup-
plier. One hundred g trim sample was inoculated by rinsing in 60mL of 

105 cfu/mL Salmonella sp. (Rif+) suspension. After 30min of bacterial 
exposure the inoculated meat was placed in sterile sampling bags and 
treated separately with antimicrobials as follows: citric acid (pH 0.5, 1.0 
and 1.5), cetylpyridium chloride or CPC (0.3%, 0.5%, and 0.7%) and 
peracetic acid (700ppm and 1000ppm). All antimicrobials were prepared 
following the manufacturer’s protocol. A 60mL solution of specific anti-
microbial was added per bag, mixed for 18s, drained and ground. A 25g 
ground meat sample was collected in stomacher bag, 100mL peptone 
water was added and stomached for 1min at 200rpm before Salmonella 
enumeration using brilliant green agar with rifampicin. Experiments 
were conducted in 2 trials and 3 replications (n = 6). Generally, all 3 
antimicrobials evaluated were found effective in reducing Salmonella.
The higher the concentration or the more acidic the antimicrobial the 
higher log reduction. At pH 0.5 and pH 1.0, the citric acid has significant 
log reduction (P < 0.05) from the control at 1.5 and 0.5, respectively. 
The 0.7% CPC has higher (P < 0.05) log reduction from both 0.3% 
and 0.5% and all 3 had significant reduction of Salmonella from the 
control. Similarly, a log reduction of 0.9 and 0.6 was exhibited by the 
peracetic acid at 700 ppm and 1000 ppm. The 3 antimicrobials were 
effective against Salmonella sp. in ground chicken although a distinct 
discoloration was observed using citric acid and peracetic acid and 
further investigation is necessary to determine any negative effect on 
the quality attributes and acceptability of the ground chicken.

Key Words: Salmonella, ground chicken, antimicrobial, citric acid, 
cetylpyridium chloride

P504   Role of protein solubility in water-holding capacity of 
broiler breast meat. B. C. Bowker*, USDA-ARS, Athens, GA.

The role muscle protein denaturation plays in determining water-holding 
capacity (WHC) in broiler breast meat is not well understood. Altera-
tions in muscle protein solubility due to postmortem pH and temperature 
decline can be used as indicators of protein denaturation. To determine 
the influence of muscle protein denaturation on meat quality traits, this 
study measured muscle protein solubility at different times postmortem 
in breast fillets with high and low WHC. Deboned broiler breast fillets 
(n = 72) were obtained from a commercial processing plant at 2 h post-
mortem and segregated into 2 groups (low-WHC, high-WHC) based 
on muscle pH and lightness values (L*). Moisture content, pH, and drip 
loss were measured at 24 h postmortem. Muscle samples were taken at 
6 and 24 h postmortem for measuring salt-induced water uptake, cook 
loss, and protein solubility. Low-WHC fillets had higher (P < 0.0001) 
drip loss (2.39% vs. 0.47%) and lower (P < 0.0001) ultimate pH (5.83 
vs. 6.20) than high-WHC fillets. At both 6 and 24 h postmortem, salt-
induced water uptake was higher (P < 0.0001) and cook loss was lower 
(P < 0.001) in high-WHC fillets compared with low-WHC fillets. Salt-
induced water uptake in 24 h samples was greater (P < 0.01) than in 6 
h samples. Cook loss was not different between 6 and 24 h samples. No 
differences in total protein solubility were observed between low-WHC 
and high-WHC fillets or at different times postmortem. Sarcoplasmic 
protein solubility was greater (P < 0.05) in high-WHC fillets than low-
WHC fillets. In both groups, sarcoplasmic protein solubility increased (P 
< 0.01) between 6 and 24 h postmortem. Myofibrillar protein solubility 
decreased (P < 0.01) from 6 to 24 h postmortem in both low-WHC and 
high-WHC fillets, but was not different between the groups. Overall 
WHC measurements in this study were not closely associated with 
differences in protein solubility. Results suggest that differences in 
postmortem protein denaturation, particularly of myofibrillar proteins, 
are not the primary source of WHC variation in broiler breast fillets.

Key Words: broiler breast meat, myofibrillar, sarcoplasmic, solubility, 
water-holding capacity
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P437, P439, P440, P450
digestible amino acid, P320
digestive organ, 219
digestive tract, P402
direct-fed microbial, 198, 245, 246
disease, 132
disease control, 12
disease prevention, 3
disinfection, 202
disposal, P490, P491
distillers dried grains with solubles 

(DDGS), 37, 41, 105, 106, P374, 
P400, P405 

distillers grain, 247, P415
divergent selection, 19
d-loop marker, P283
DNA damage, P292
dosage, P373
drip loss, P489
drug program, 198
drugs and vaccines, P424
drumstick, P491
dual-energy x-ray absorptiometry, 30
duck, 113, 204, 238, P271, P309, P357, 

P396, P398, P433
dust bathing, 78, P262

E

E. coli, P485, P487, P488
early deboning, 146
Echinacea purpurea, P353
economic return, P317
economy, 205
EDEN, 3
educational material, 1, 2
egg, 8, 69, 72, P266, P313, P393, P448
egg functionality, P502
egg grading, P276
egg parameter, 76
egg production, 118, 153, 179, 192, 

P321, P400, P414, P418
egg quality, 193, 227, 228, P256, P374, 

P400, P420
eggshell, 60, P344, P418, P464
eggshell temperature, 87
eggshell thickness, P277
egg storage time, 63
egg weight, P277, P418
egg weight components, P276
egg white, P484
egg yolk, 25, P346
egg yolk antibody (IgY), P485
Eimeria, 98, 161, 172, P312, P316
Eimeria acervulina, P470
Eimeria maxima, P471
electrocardiogram (ECG), 84
electroencephalogram (EEG), 84
elevated level, 112
ELISA, P305
embryo, 59, 61, 222, 238, P295, P479
embryo mortality, 63
embryology, 135
embryonic activity, P459
embryonic development, P478
embryonic mortality, 186
embryonic organ, P476
emu, 82, P397, P489
endangered bird, P469
endothelin 1, P456
energetic efficiency, 95
energy, 103, 191, 218, 230, 243, P322, 

P349, P359
energy concentration, 220, P399
energy consumption, P391
energy requirement, 95, 187
enriched cage, 74
enriched colony, P262
Enterococcus, 75
Enterococcus faecium, P369
environmental pollution, P425
enzymatic complex, 254

enzyme, 29, 101, 102, 106, 224, 244, 
245, 246, 247, 255, P323, P326, 
P328, P331, P333, P335

enzyme supplementation, 36
essential oil, 70, 73, 176, P493
everted gut sac, 123
excreta, P344, P430
excreta phosphate, P417
expression, 59, P309
expression regulation, P467
eXtension, 3, 4, 130, P281
extra-phosphoric effect, 110
extrusion, P333, P387
exudate, 144

F

FA, P395
faculty numbers, P279
Farmatan, P381
fasting, P458
fat, 243, P413
fat application, 190
fat/oil, 229
fat tissue, P289
fatty liver, P368
fear, P263
feather, P261
feather eating, 79
feather lipid, P262
feather pecking, 79, P263
feed, 46
feed additive, 26, 178, P372, P493
feed conditioning, P335
feed conversion, P270, P350
feed conversion ratio, P291
feed efficiency, 5, 17, 18, 20, 21, 153, 

248, P483
feed form, 189, 219, P388
feed formulation, 230
feed input, P398
feed manufacture, 43, 104
feed manufacturing, 189
feed meal, P391
feed restriction, 94, 181, 241
feed self-selection, P267
feedback regulation, 57
feeding schedule, P418
feedstuffs processing, P414
femoral head separation, 235
fertility, 118, 130, 179, P375, P431
fertility trait, 153
fetal development, P464
fiber, 37
fibroblast growth factor 23, P417
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fibrous by-product, P411
final weight, P275
finishing, 169
fish meal, 225, P406
flagellar capping protein, P495
flesh texture properties, 206
fliD, P495
flight behavior, P260
flock mate, 86
flock uniformity, 94
floor pen, 76, P92
flow cytometry, P371
fluorescence in situ hybridization, P371
flux analysis, P477
foam, 7
follicle, P313, P390
follicular growth, 187
food, 85
food deprivation, 53
food intake, P458
food safety, 7, 67, P481
foodborne illness, P355
food-borne pathogen, P495
footpad dermatitis, 89, 103, P271
footpad development, 90
formaldehyde, 83
FOS, 66
4-H programming, 135
fractional degradation rate, P407
fractional synthesis rate, P407
fractions, P422
free range, 16, 216, P267, P502
French Guinea fowl, P423
full fat soybean, P386, P387
fumonisin, 165, P276, P380
functional phenotyping, P311
fusarium, 40

G

gait, 128, 129
gait score, 125
gangrenous dermatitis, 201
garlic meal, P337
gasification, 121, 122
gastrointestinal tract, 165, P399
gastrointestinal tract trait, 220
gene expression, 19, 20, 107, 234, P287, 

P289, P360
gene mapping, P293
gene ontology, P315
gene regulator, P289
genetic correlation, 152
genetic diversity, 150, P294, P298
genetic marker, 150

genetic resistance, 163
genetics, P474
germ-line chimera, 62, P469
GHRL, P291
GHSR, P291
gizzard, 41, 181, 188, P266
globulin, P275
glucagon, P394
glucanase, 104
glucocorticoid, 235
glucose, P394
glucose-6-phosphate dehydrogenase, 30
glutamine, 210
glycerol, 48
glycogen, 30
goblet cell, 182
gonadal germ cell, P469
gonadal germ cells (GGC), 62
gram-negative bacteria, 194
granulocyte, 162
granulosa, P313
green fluorescent protein, P338
ground chicken, P503
group housing, P263
grower phase, P435
growth, 46, 178, 205, 208, P337, P452, 

P479
growth depression, 196
growth hormone, 15, P480
growth performance, 100, 102, 173, 189, 

194, 207, 223, P332, P333, P354, 
P388, P398, P399, P492

growth promoter, 199
gut health, 14, 17, 18, 176, 247, P360
gut immunity, P369
gut inflammation, 180
gut lesion, 199
gut morphology, P310

H

half-life, P472
hammer mill, P403
handling, P264
handling time, 82
hatch window, P476
hatchability, 8, 63, 179, 186, P375, 

P408, P431
HD11 cell line, 149
health, 46
heart, P455, P473
heat production, 87, 229
heat shock protein, 53, P360
heat stress, 96, 148, P298, P327, P461, 

P463, P467, P474

heat-stable, 102
heavy tom, 217
hematogram, P306
hematological parameter, P442
hematology, 231, P306
hemp product, P395
hen, 187, 251, P92, P261, P262, P284, 

P285
hen manure, 121, 122
hen performance, 193
hepatocyte, P477
heritability, 152
herpesvirus of turkey, 155
Hidrox 6%, P486
high-energy low-protein diet, P368
high-soy diet, P502
HMGB1, 168
housing, 16, 107, P259
housing system, P256
housing systems, P354
Hubbard, 254
humoral immunity, 166
hunger, 81
Hy-D, 120
hydrocolloid gel, 91
hydrogen peroxide, 8
25-hydroxycholecalciferol, 118, 119, 

140, P268, P449
β-hydroxy-β-methylbutyrate, P367
2-hydroxy-4-(methylthio) butanoic acid, 

206
hydroxytyrosol, P486
25-hydroxy vitamin D3, 117
Hy-Line Brown, 216
hypothalamo-pituitary gonadal axis, 55
hypothalamus, 58
hypoxia, P456, P465

I

IBDV, P307
IBV, 60
IgA, 160
IGF-I, P480
IGF1R, P291
IgY, P301
ileal amino acid digestibility, 204
ileal digestibility, 48
ileal digestible energy, P332
ileal phosphorus digestibility, 114
immobilization, 58
immune organ, 22
immune response, 149, P314
immune system, P340, P353, P455
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immunity, 157, 208, P303, P316, P327, 
P347, P352, P362

immunization, 12
immunogenetics, P298
immunoglobulin Y, P460
immunohistochemistry, P456
immunomodulation, 164
immunosuppression, P304, P307
in ovo, P316
in ovo feeding, 222, 223, P367
in ovo injection, 197, P408
inbred chicken line, P293
incubation, 8, 135, P270, P465, P473, 

P475
incubation profile, P444
incubation temperature, 87, 88, 89, 90, 

P269, P464, P479
infectious bursal disease, P304
infectious laryngotracheitis, 202
inflammation, 18
inflammatory cytokine, 60
inflammatory response, P308
infrared thermography, 5
inhibitory concentration, P355
injection egg, P478
injurious pecking, 80
innate immunity, 119, 156, 166, P302
inorganic mineral, P425, P427
inorganic selenium, P431
inositol, 110
insulin, P394
Intellibond C, P451
intermittent, 178
internal organ, 74
intestinal microbiota, P397
intestinal model, P376
intestinal morphology, P325
intestinal mucin, P318
intestinal mucosa morphometrics, P365
intestine, P380
invasion, P313
IRF7, 149
isocaloric, 254
isoform, 52, 238
isolation, P460
isonitrogenous and wheat, 254
isotopic, P466

J

Japanese quail, 50, 51
Jatropha curcas kernel meal (JKM), 203

K

keel, 233

keel bone, P92
keel deformities, P259
keel fracture, P257
Korean chicken, P300
Korean native chicken, P294

L

labeled carbon, P319
labeling, P338
laboratory test, P386
Lactobacillus, 31, 32, 244
Lactobacillus-based probiotic, P365
Lactobacillus crispatus, P348
Lactobacillus reuteri, P342
lameness, 125, 128, 129, P282, P452, 

P453
lateralization, 86
layer, 28, 44, 76, 191, 249, P256, P266, 

P344, P346, P374, P400
laying hen, 25, 77, 79, 121, 136, 141, 

227, 228, 236, 250, P259, P260, 
P278, P286, P330, P336, P358, P359, 
P368, P390, P393, P416, P420, P421, 
P441, P442, P448

laying hen performance, 220, P341
laying hens, 78, 216
leadership, 131
LEAP-2, P470, P471
length, P320
lesion, P454
lesion score, 47, 197
life cycle assessment, P265
light restriction, 214
lighting, 215
linkage, P293
γ-linolenic acid, 69
lipase, 221
lipid oxidation, P343, P494
lipid oxidation product, P269
lipofection, P288
lipopolysaccharide, 156, P308
Listeria, 73, P497
litter, 211, P272
litter ash, 185
litter microbiota, 194
litter reuse, 213
litter use, 77
live performance, P475
liveability, 218
liver, 148, P390, P395, P396
liver lipid, 48
liveweight, 125
LMH cell line, P288
load out, 215
locomotion, P459

long-chain n-3 PUFA, P393
low oxygen, P465
low phytate SBM, 39
low temperature, 83
LPS, 33, P315
LTS, 196
lying hen, 242
lysine, P351, P366
lysozyme, P484

M

macrophage, 161, 168, P443, P451
macrophage activation, P315
magnetic-activated cell sort, P297
male broiler breeder diet, P431
management, 16, 130
manganese, P445
β-mannanase, P336
mannan oligosaccharides, P303
Marek’s disease, 158
marination, 146
marine algae, 167, P341
marjoram, P352
market segmentation, P498
mash, 220, P399
mass spectrometry, 235
maternal diet, P389
ME, 230
mean particle size, 193
meat, P347
meat chicken, P267
meat color, P482
meat contamination, P343
meat quality, P372, P413, P482, P483, 

P489, P490, P491, P492
meat yield, 207, 223
medication reduction, 171
medicinal plant, P340
melanocytes, 155
meta-analysis, 169
metabolism, 148, P468
metabolism trial, P411
metabolizable energy, 36, 37, 182, 207, 

250, 255
methionine, P317
methodology, 138, P287
methyl-13C, P319
Mexican sunflower, 231
MHC, P298
microalgae, P346, P347
microarray, P467
microbe, 9
microbial population, 173
microbiology, 145
microbiome, 96
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microbiota, 18, 79, 177, P454
microdilution method, P355
microflora, 28
microsatellite, 150, P294
microstructure, P492
microwave toe trimming, 217
MIF, 161
migration index, P469
mineral, 61, 222, P268, P428, P429, 

P430, P447
mineral phosphate, P265
Mintrex, P446
miR-133a, P290
miRNA, 158
miscanthus grass, 6
mites, 78
mitochondria, 20, 21
mixer-added fat, 24
mobility, 127
modified atmosphere packaging, P482
modified flax, 69
moisture, P344
molecular, P282
molecular taxonomy, 11
mono/dicalcium phosphate (MDCP), 

113
monoclonal antibody, P305
montmorillonite, P266
morphology, P339
mortality, P476
MOS, 66
MPDI, 190
mt COI gene, 11
mtDNA, P283, P300
MUC2, 33
mucin 2, 160, 240
mucosa, 240
mucosal immunity, 165
multi-enzyme, 248
multi-enzyme complex, 252, P378
multigeneration, 1, 2
multiple choice arena, 86
muscle, 65, 206, P367
muscle contraction, P459
muscle deposition, P257
muscle development, P366
muscular dystrophy (MD), 52
Myco-Ad, P357
Mycoplasma gallisepticum, P457
mycoplasmosis, P457
mycotoxin, P277
myofibrillar, P504
myofibrillar fiber diameter, 147
myo-inositol, P325
myosin, 52, 238

N

n-3 fatty acid, P341
n-3 polyunsaturated fatty acid, 69
n-3 PUFA, 65
15N-Phe, P407
natural antioxidant, P372, P494
natural compound, 67
natural extract, P275
natural pigment, 25
near infrared reflectance, 40
necrotic enteritis, 34, 47, 174, 200, 

P274, P342, P454
netB, P274
nettle, 25
neuroendocrine, 55
NIRS, P405
nitric oxide, P302
nitrite oxide, P311
nitrogen recycling, 19
NK cell, 60
non-phytate phosphorus (NPP), 113
non-structural protein, P305
normal phytate SBM, 39
NPP, P330
NPY, P458
NSPase, 249, P334
nucleotide, 171
nutraceutic, P275
nutrient content, 226
nutrient digestibility, 105
nutrient mass balance, P419
nutrient profile, P405
nutrient reduction, P328
nutrient retention, 48
nutrient transport, 33
nutrient transporter, P470, P471 
nutrient utilization, P324, P336, P337
nutrients, P323
nutrients utilization, 221
nutrition, P428, P429, P430, P439
nutritive value, 49

O

25-OH-D3, 120
OIE, 124
oil sources, P341
olive extract, P486
olive leaf, P455
oocyst, 197, P312
open field test, 80
organ development, P401
organ weight, P463
organic, 16
organic acid, 64, P350

organic mineral, P370, P427
organic selenium, P431
organic trace mineral, P442
origin, P404
Original XPC, 172, P376
osteomyelitis, P452
osteoporosis, P257
ostrich, P264
ovalbumin, P484
ovarian tissue, 50
overexpression, 149
oviposition, P297
oxidative status, P389
oxidative stress, 53
oxidized oil, P370
oxygen consumption, P459
oxygen level, P475
ozonation, 142

P

P, P438, P439
paddock density, 216
pancreas, P394
parasitology, 11, 12
particle size, 41, 43, 181, P388
pathogenicity, 157
pathology, 125
PBMC, 167
PCR, P300
PCR-RFLP, P299
PDI, 190
pea, 186
pea protein concentrate, 225, P406
pectoralis major (PM), 52, 238
Pekin duck, 128, 129
pellet, 188
pellet diameter, 189
pellet durability, 43
pellet quality, 41, 189
pelleting, P335
pelleting temperature, P334
PEM, P311
peptide marker, 235
peptidoglycan, 156
perch, P257, P258, P259
performance, 23, 35, 38, 44, 68, 108, 

140, 183, 191, 197, 213, 226, 227, 
228, 231, 245, P316, P318, P321, 
P323, P331, P334, P345, P346, P349, 
P350, P352, P356, P359, P362, P363, 
P364, P365, P370, P378, P387, P392, 
P396, P413, P420, P422, P424, P425, 
P426, P434, P435, P436, P440, P485

performance objective, 218
permeabilizer, 177
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pH, 147, P489
phagocytosis, 162
phenamil, P286
phenotype switching, P311
phenyllactic acid, 173
phosphate, 73
phosphate requirement, P417
phosphate source, 109
phosphorus, 107, 109, 139, 185, 251, 

P329, P330, P379, P423, P434, P435, 
P437, P448

phosphorus retention, P440
phosphorus source, P426
photoneuroendocrine system, 56
photoreceptor, 56
pH-profile, P329
physiology, 82
6-phytase, 108
phytase, 31, 39, 99, 100, 101, 107, 108, 

109, 110, 112, 113, 250, 251, P265, 
P324, P325, P327, P330, P335, P436, 
P437, P450

phytase activity determination, P329
phytase efficacy, 138
phytase matrix, P324
phytate, 31, 112
phytochemical, 177
phytogenic, P352, P363
phytogenics, P355
pigeon, 85, 86, 163
PiggyBac, 149
piglet, 253
piling, 77
pine shavings, 212
plasma, P395, P438, P451
PN strategy, P374
polymeric Ig receptor, 160
polymicrobial bacteremia, P306
polymorphism, P299
polyunsaturated fatty acid, P269, P389
portal of entry, 195
post-extraction algal residue, P416
post-hatch holding time, 183
post-hatch supplement, 91
post-peak production, P359
potassium lactate, 73
potato, P267
poult, 112, 240
poult performance, 43
poultry, 45, 67, 84, 85, 145, P274, P279, 

P411, P423, P457, P488
poultry environment, 12
poultry feed, 26
poultry industry, 17, 124, 131
poultry product, P481

powder yolk, P301
PPARγ2, P286
preadipocyte, 236, P284, P285, P286
prebiotic, 27, 28, 242
precision, P280
precision-fed rooster assay, 45
prediction equations, 37
preference, 81, 225, P406
pre-starter diet, 210
prevention, 202
primers, 240
primordial germ cell, P297, P469
probiotic, 31, 35, 66, 96, 164, 242, P316, 

P338, P339, P348, P356, P378
processing, P331, P497
processing water, P488
produce, P487
production performance, P408
productive, 152
productivity, 215
profitability, P363
programmed nutrition, 223, P392
programmed nutrition strategy, 183
promotion, 4
propolis, P303
protease, 200
protein, 20, 210, 218, P349
protein quality, 49
protein synthesis, 206
protein turnover, P407
proteolytic stability, P329
proteomics, P315
Proteus, 75
proventriculus, 41, 181
publication, 4
pullet diet, 192
pullet performance, 219, P401
pulmonary hypertension, 83, P456
pyrosequencing, 28, 96, P454
454 Pyrotag sequencing, P397
pyrroloquinoline quinine, P368

Q

QCT, 233
qRT-PCR, 59
quail, P292, P379
quail muscle cell, 54
quality, 142
quaternary ammonium, 71
Quillaja, 175

R

ractopamine, 169, P351

raffinose and stachyose, 47
rancidity, P490
ratio, 115
18S rDNA, 11
real-time PCR, P360
re-annotation, 151
rearing systems, P492
recombinant protein, P495
reference force indentation, 115
refrigerated storage, 142
relationship, P294
representational difference analysis, 163
reproduction, 56, 237
requirement, 205, P304, P317, P321, 

P423, P433
research, P279
research model, P264
residual body weight gain, 5
residual feed intake, 21
resistance, P273
respiratory route, 195
respiratory tract, 83
restriction, 81
restrictive feeding, 13, P272
retention, P335
retinoic acid, 236
riboflavin, P433
rice hulls, 212
RNA, P287
RNA-SEQ, 151, P296
roller mill, P403
rooster, 42
16S rRNA gene, P453
RT-PCR, 52, 240, P292
rye, 247

S

20S, P284
salinomycin, 35, 172
Salmonella, 72, 75, 194, 195, 211, P313, 

P314, P487, P497, P503
Salmonella Arizonae, P376
Salmonella control, P369
Salmonella Enteritidis, 74
Salmonella Heidelberg, P376
Salmonella spp., 70
Salmonella Typhimurium, 13, 145, P272
salt, P350
salted and preserved duck egg, P498
sanitation, 9
sanitization, 71
saponin, 175
sarcomere length, 147
sarcoplasmic, P504
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satellite cell, P432
Saudi native chicken, P283
SCFA, 29
selenium yeast, P425
selenized yeast, 137
selenomethionine, 137
self-selection feeding, 184, P410, P499
seminal characteristic, P384
semi-purified diet, 114
sensory evaluation, P412
separation, P484
sequencing, P299
sequestered mineral, P427
serotonin, P258
serum, 23, P396
serum cholesterol, 30
sexual maturity, P407
shape index, P277
shear energy, 146
shear force, 147
shell egg, 71
short-chain fatty acid, 30
single cell protein, 232
skeletal integrity, P278, P449
skeletal muscle, P290
slope-ratio, P447
small flock, 3, 133, P281
small intestine length, 182
Smyth line chicken, 155, 156
SMZ, 56
SNP, 154, P300
sodium metasilicate, 145
sodium selenite, 137
solubility, P504
soluble fiber, P462
sorghum, 252, P409
source, P441
soy, 253, P500
soybean, 6
soybean meal, P404
soybean meal origin, 49
specific gravity, P277
spectrum, 237
sperm, P295, P384
sperm concentration, P375
sperm motility, 239
sperm quality index, 239
spermatozoa, 62
sperm-mediated gene transfer, P295
sphinganine, P380
sphingosine, P380
stable isotope, P472
stage X, P297
starter phase, P434
Stat5, P480
stearidonic acid, 69, P393

stocking density, 214
straw, 192
stress, 15, 58, 82, 133, P256, P489, P496
substrate, 78
sugar beet pulp, 192, P401, P402
sumac, P364
sunflower hulls, P401
supplementation level, P441
survey, 71, 133, P498
survival rate, P483
sweet potato root meal, 226, P412
swine, 21

T

T cell, 60
target gene, 158, P290
taste of meat, P340
taste perception, 234
TBARS, 25, P494
tenderness, 144, P491
tendon, 126
testes development, 55
testicular tissue, 51
textured vegetable protein, P500
thawing method, P501
thermal conditioning, P474
thermal stability, P329
thermal stimulation, P270
thrombocyte, P302
tibia, 126, 222, P268, P379
tibia ash, 108, P447
time-limited feeding, 93
tissue infiltrate, 196
toes, 127
Tol2, P288
toll-like receptor, 164, 166, P309, P310
toll-like receptor ligand, P302
total coliforms, P378
toxicity, 203, P421
trace mineral, 90, P444
tracer, P466, P468
trans-cinnamaldehyde, 26, 72
transcription, P467
transcriptome, 148, P296
trans-epithelial electrical resistance, 33
transfection, P477
transgene, P295
transplantation, 50, 51
transport, P264
transport coop, 7
transport dehydration, 91
transposon, P288
travel, 131
tregs, 159
true amino acid digestibility, 42

true metabolizable energy, 42, 45
trypsin inhibitor, 6
TSAA, 10, 209
tumor transformation, 158
turkey, 5, 6, 32, 80, 106, 127, 153, 169, 

185, 196, 201, 239, P263, P296, 
P312, P333, P351, P482

turkey breast cutlet, 70
turkey poult, 91, 105
turkey production, 217
turmeric meal, P337
turnover, P319
tylosin, 34
tyrosinase, P300

U

undergraduate, P279
uniformity, 186
UV light, 8

V

vaccination, 198, 202
vaccine, 168, P301, P314, P457
validation, 241
very low density lipoprotein, P390
villus, 182
vinasse, P292
virginiamycin, 32
virulence, P496
viscosity, 100, 104
vitamin B1, 64
vitamin C, 98, 126
vitamin D, 141
vitamin D3, 120, 179, P382, P384
vitamin E, 98, 126, P364
vitamins and minerals, P424
vitiligo, 156
vitrification, 51
volatile fatty acid, P376, P415, P322

W

walking ability, 126
water intake, 106
water-holding capacity, P504
waterline, 9
weight, 61
weight gain, 199
welfare, 84, 125, 128, 132, 213, P256, 

P264, P271
wheat, 38, 40, 43, 106, 186, 219, 249, 

P403, P500
wheat distillers dried grains with 

solubles, P333
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wheat-DDGS, 36
White Leghorn, P375
whole-genome sequencing, 154
wood pellets, 212
workshop, 130
World Organisation for Animal Health, 

124

X

XAP, 105
xylanase, 100, 102, 103, 243, 248, 253, 

P332

Y

yeast, 166, P310
yeast cell wall, 27
yeast products, 29
yield, 38
yolk, P395
yolk color, P400
yolk powder, P485
yolk sac, 14, P460, P463
yolk sac membrane, 221
youth, 134

Z

zinc, 123, P441, P445, P447
zinc equivalency, 99
zinc oxide, P361
zinc oxide nanoparticle, 22 




