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Student Competition: Immunology, Health, and Disease

1   Evaluation of the effects of an autogenous turkey dermatitis/
cellulitis oil emulsion vaccine on immune response and mortality 
in commercial turkeys. Brittany D . Mahaffey*1, Kabel M . Robbins2, 
Neil R . Pumford3, Marion J . Morgan3, Ruben Merion-Guzman4, 
Lucas E . Graham1, Kyle D . Teague1, Mikayla F . A . Baxter1, Juan 
D . Latorre1, Amanda D . Wolfenden1, Guillermo Tellez1, and Billy
M . Hargis1, 1University of Arkansas, Fayetteville, AR, 2Butterball,
Garner, NC, 3NWA Veterinary Services, Fayetteville, AR, 4Universi-
dad Nacional Autónoma de México, Cuidad de Mexico, Mexico.

Clostridium septicum (CS) α-toxin is the cause of turkey cellulitis and 
tends to cause the most detriment in turkey flocks around 16 wk of age. 
It results in devastating mortality and high costs for the industry . Various 
vaccines have been used to try to reduce the incidence of this disease with 
little success. For this field trial, a water-in-oil (W/O) emulsion vaccine 
was prepared using a CS bacterin-toxoid with Seppic Montanide 71 R 
VG adjuvant . Procedures for producing the vaccine included determin-
ing droplet size of emulsion, duration and speed of homogenization, 
and stability after storage . Treatments included a control group and a 
vaccinated group primed with mannosylated chitosan and boosted at 8 
wk (oil emulsion) within 3 commercial houses. Approximately equal 
numbers of control and vaccinated turkeys were included in each of 3 
houses (H1, 2 or 3) and were distinguished by removal of the dewclaw 
for the control turkeys. Antibody levels were determined by ELISA 
and mortality associated with cellulitis was recorded once the first 
case was observed. Blood samples were obtained from ~20 turkeys/
group from each house at 8, 12, and 16 wk. Antibody levels (S/P ratio) 
in vaccinated groups for wk 12 and 16 for all 3 houses were markedly 
and significantly higher (P < 0 .05) than the control groups . Mortality 
estimates were complicated by penicillin treatment of entire houses. In 
H1 and H2, low and similar mortality was recorded. However, in H3, 
mortality/total turkeys in the control group was 148/4,400 (3.36%) vs. 
78/5,100 (1.52%) in the vaccinated turkeys (<0.001), possibly indicat-
ing this house was presented with a higher challenge. Based on these 
results, W/O emulsion vaccines, such as this α-toxin bacterin-toxoid 
with Seppic Montanide 71 R VG adjuvant, can be used to increase and 
maintain protective antibody levels to decrease the presentation of turkey 
cellulitis under commercial conditions .

Key Words: oil emulsion vaccine, turkey cellulitis, Clostridium 
septicum, α-toxin, antibody titer

2   Evaluation of the impact of live LaSota strain Newcastle 
disease virus vaccine on early development of humoral and cell-
mediated immune response in broilers. Juan C . Suarez Martinez*, 
Wen K . Chou, Rachel L . Blount, JungWoo Park, Luc R . Berghman, 
and John B . Carey, Texas A&M University, College Station, TX.

Newcastle disease (ND) has been a major problem in the poultry industry 
primarily because of its worldwide distribution and economic impact. 
As a result, multiple strategies exist to combat this disease, which can 
be effectively managed with good biosecurity programs and effective 
vaccination programs . The purpose of vaccination is not only to gener-
ate humoral immune response against a specific pathogen but also to 
establish cell-mediated immunity . The main objective of this study 
was to evaluate the effect of a 1× dose of live LaSota strain Newcastle 
disease virus (NDV) vaccine administered ocular-nasal on d 0 and 21 
on early development of humoral and cell-mediated immune response 
in broilers. A total of 320 Ross 308 broilers were randomly assigned to 

1 of 2 treatments: (1) vaccinated, or (2) unvaccinated, control group . 
Both treatments consisted of 4 pens per treatment and 40 birds per 
pen . Both treatments received standard industry diets ad libitum for 
42 d. Spleen and bursa samples were excised for organ index analysis. 
Cumulative feed conversation ratio showed no difference between the 
treatments (P < 0.05). Body weights were significantly higher (P < 0 .05) 
in the vaccinated group on d 4 and 7. The level of NDV-specific IgY 
was measured by ELISA, which was evaluated on d 4, 7, 14, 21, 24, 
28, 35, and 42. Remarkably, the results showed no humoral response 
was established after receiving booster (d 21–42). Spleen index of the 
vaccinated group was significantly lower than control at d 28 and 35 (P 
< 0.05), which is consistent with ELISA data. Interferon gamma (IFN-γ) 
plays an important role in the activation of cell-mediated immunity . The 
level of IFN-γ in the circulation was measured on d 4, 7, 14, 21, 24, and 
28. The result indicated no detectable IFN-γ present in the circulation.
Altogether, the results indicate that the use of a more virulent strain of
NDV vaccine before the immune system develops could compromise
the establishment of NDV specific adaptive immunity.

Key Words: Newcastle, LaSota, vaccination, humoral immunity, 
cell-mediated immunity

3   Identification and biological characterization of house finch 
interleukin-1β. Myeongseon Park*1, Sungwon Kim1,2, James S . 
Adelman3, Dana M. Hawley4, and Rami A . Dalloul1, 1Avian Immu-
nobiology Laboratory, Animal and Poultry Sciences, Virginia Tech, 
Blacksburg, VA, 2The Roslin Institute and R(D)SVS, University of 
Edinburgh, Easter Bush, Midlothian, UK, 3Natural Resource Ecology 
and Management, Iowa State University, Ames, IA, 4Department of 
Biological Sciences, Virginia Tech, Blacksburg, VA.

Interleukin-1β (IL-1β), a highly inflammatory cytokine of the IL-1 
family, is primarily produced as a precursor protein by monocytes and 
macrophages, then matures and becomes activated through proteolytic 
catalysis. Although the biological characteristics of avian IL-1β are 
well known, little information is available about its biological role in 
songbird species such as house finches that are vulnerable to naturally 
occurring, inflammatory diseases. In this study, house finch IL-1β 
(HfIL-1β) was cloned, expressed, and its biological function examined. 
Both precursor and mature forms of HfIL-1β consisting of 269 and 162 
amino acids, respectively, were amplified from total RNA of spleen 
and cloned into expression vectors. Sequence analysis revealed the 
precursor form having 94 and 76% similarity with IL-1β of zebra finch 
and chicken, respectively, whereas its mature form shared 97 and 84% 
similarity. Based on phylogenic analysis, HfIL-1β is more closely related 
to pigeon IL-1β than to other poultry species, including quail, goose 
and duck. Purified mature form of rHfIL-1β was detected at approxi-
mately 18 kDa with SDS-PAGE analysis. Further, isolated house finch 
splenocytes were stimulated with rHfIL-1β in the presence or absence 
of Concanavalin A (Con A), followed by qRT-PCR analysis measuring 
transcript levels of Th1/Th2 cytokines and chemokine. The addition 
of rHfIL-1β induced significant enhancement of IL-2 transcript, a Th1 
cytokine, while transcription of IL-1β and the Th2 cytokine IL-10 was 
slightly enhanced by rHfIL-1β treatment. rHfIL-1β also led to elevated 
levels of the chemokine CXCLi1 and NO production both in the pres-
ence and absence of Con A . In summary, these observations revealed 
some of the potential role of rHfIL-1β in immune cell function of house 
finches, warranting further investigation of its biological involvement 
in inflammatory responses to infectious pathogens.
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Key Words: IL-1β, house finch, Th1/Th2 cytokines, chemokine, 
avian

4   Phenotypic analysis and localization of leukocytes at the 
site of intradermal injection of phytohemagglutinin in chickens. 
Kallie A . Sullivan*, Hyeonmin Jang, Kristen A . Byrne, and Gisela F . 
Erf, University of Arkansas, Fayetteville, AR.

Phytohemagglutinin (PHA) is a T-cell mitogen commonly used to gain 
insight into an individual’s cell-mediated immune system capabilities . 
For in vivo assessment, PHA is typically injected intradermally into the 
wing web, foot pad, wattle, or toe web and the tissue swelling response 
is monitored. Using the dermis (pulp) of growing feathers (GF) as a skin 
test-site, the objective of this study was to monitor the types, relative 
amounts, and functional activities of leukocytes present in the dermis 
of PHA-injected GF over a 7-d period. Specifically, the pulp of 21 GF 
per chicken were injected with 10 µL of either diluent (PBS) or 300 
µg/mL PHA-P (5 chickens per treatment). Three GF per chicken were 
collected before- (0) and at 0 .25, 1, 2, 3, 4, 5, and 7 d post-injection for 
ex vivo analysis. Compared with the PBS controls, leukocyte popula-
tion analysis of immunofluorescently stained pulp cell suspensions 
by flow cytometry revealed greatly elevated levels of leukocytes in 
PHA-injected GF throughout the 7d study (main effect P < 0.05), with 
the highest levels observed at 0 .25, 1, and 2 d post-injection . T cells, 
mainly CD4+ followed by gamma-delta TCR+ and CD8+ subsets, were 
the most abundant leukocyte population in PHA-injected GF . IgM+ B 
cells also infiltrated the pulp in response to PHA, with highest levels 
observed at 4, 5, and 7 d . Immunohistochemical staining of frozen GF 
sections confirmed the presence of the different lymphocyte popula-
tions, as well as, elevated levels of macrophages, MHC class II+ cells, 
and cells expressing the co-stimulatory molecules CD80 or CD86 
in PHA-injected GF . Participation of basophils in the PHA response 
was shown by toluidine blue staining of fixed GF sections. Cytokine 
gene-expression analyses are underway. Knowledge of the temporal, 
quantitative, and qualitative aspects of the in vivo cellular response to 
PHA will be important in assessment of cell-mediated immune system 
capabilities in poultry .

Key Words: phytohemagglutinin (PHA), cell-mediated immunity, 
leukocytes, lymphocytes, chicken

5   Epitope mapping of Clostridium perfringens α-toxin using 
an antibody-guided immunization method. Christine N . Vuong*1, 
Wen-Ko Chou2, Vivek A . Kuttappan3, Luc R . Berghman1,2, Billy 
M . Hargis3, and Lisa R . Bielke4, 1Department of Veterinary Patho-
biology, Texas A&M University, College Station, TX, 2Department 
of Poultry Science, Texas A&M University, College Station, TX, 
3Department of Poultry Science, University of Arkansas, Fayette-
ville, AR, 4Department of Animal Science, The Ohio State University, 
Columbus, OH.

Necrotic enteritis is an economically important disease in poultry primar-
ily caused by Clostridium perfringens, an environmentally ubiquitous 
bacterium. The disease is associated with damage to intestinal walls and 
is a cause of “leaky gut” syndrome in poultry, resulting in sub-optimal 
performance related to decreased nutrient absorption and increased 
mortality. Studies have shown the α-toxin produced by C. perfringens 
possesses both hemolytic and phospholipase C activities, and have 
attempted to identify specific regions on the toxin that enable these 
enzymatic activities for use in downstream therapeutic development, but 
have had limited levels of success . In this study, an anti-CD40 antibody 

guided-immunization method was used to rapidly develop a panel of 
antibodies against specific α-toxin regions and use them in functional 
toxin-neutralization assays. Twenty-three short regions of α-toxin 
were selected for peptide synthesis, and then individually loaded onto 
antibody-guided immunogen complexes for immunization of chickens . 
Seventy-eight percent of the peptides (18/23) stimulated specific anti-
body responses above the threshold post-immunization/pre-immune 
titer ratio of 6, while 30% of the peptides (7/23) induced even higher 
responses and surpassed the titer ratio of 10. The peptide-specific antisera 
were used to test for in vitro ability to neutralize α-toxin’s hemolytic 
and/or phospholipase C enzymatic activities. Results show that hyper-
immune serum from 23/23 peptides neutralized hemolytic activity, but 
none were effective in blocking phospholipase C. This is consistent 
with other reports of α-toxin subunit vaccines, and again shows that 
subunit vaccines may not be an effective strategy for vaccination against 
α-toxin. The novel use of antibody-guided immunization introduces a 
new method for epitope mapping with hyper-immune serum, capable 
of producing data quickly and efficiently.

Key Words: epitope mapping, necrotic enteritis, α-toxin, antibody-
guided vaccination, Clostridium

6   Optimization of FITC-D assay to quantify enteric inflam-
mation using a feed restriction model in broilers. Mikayla F . A . 
Baxter*1, Ruben Merino-Guzman2, Juan D . Latorre1, Sami Dridi1, 
Brittany D . Mahaffey1, Kyle D . Teague1, Lucas E . Graham1, Vivek 
A . Kuttappan3, Lisa R . Bielke4, Amanda D . Wolfenden1, Billy M . 
Hargis1, and Guillermo Tellez1, 1University of Arkansas, Fayetteville, 
AR, 2Universidad Nacional Autónoma de México, Ciudad de México, 
México, 3Novus International Inc., St Louis, MO, 4The Ohio State 
University, Columbus, OH.

Previously, our laboratory determined that enteric absorption of FITC-D 
(~4 kDa) is a viable marker of mucosal permeability to evaluate gastro-
intestinal health using enteric inflammation models in broilers. How-
ever, in previous studies sometimes differences were narrow between 
experimental groups. Hence, the objective of the present study was to 
optimize the current FITC-D methodology . Initial, In vitro tests indicated 
that the modifications of methods to improve the assay included (1) 
using non-FITC-D serum as blank; (2) preparing a standard curve for 
each trial; (3) modifying the software’s optimal sensitivity value; (4) 
adjusting the dilution factor; and (5) evaluating different sampling times . 
In vivo optimization of FITC-D in broilers was determined using 24-h 
feed restrictions (FR) to induce enteric inflammation in 2 experiments. 
In experiment 1, 10-d-old chicks were FR or fed ad libitum (control). 
Chickens were gavaged with FITC-D (4.17 mg/kg) or saline, and serum 
collected 2.5 h later. FR chickens with FITC-D had higher serum FITC-
D, (16.79 ± 3.57 ng/mL; P < 0.05) compared with control chickens 
with FITC-D (2.82 ± 0.81 ng/mL), controls chickens without FITC-D 
(1.05 ± 0.85 ng/ml), or FR chickens without FITC-D (2.47 ± 1.59 ng/
mL) . High standard error values suggested the peak in serum FITC-D 
may be occurring before or after 2.5 h. Therefore, the above trial was 
repeated with serum collected at 1 h or 2.5 h after FITC-D gavage. At 1 
h, FITC-D FR chickens had higher (P < 0 .05) serum FITC-D (27 .23 ± 
1.68 ng/mL) than control chickens with FITC-D (15.74 ± 1.68 ng/mL) 
and control chickens not given FITC-D (14.4 ± 2.24 ng/mL). At 2.5 h, 
FITC-D FR chickens had higher (P < 0 .05) serum FITC-D (22 .47 ± 1 .45 
ng/mL) than controls with FITC-D (13.42 ± 1.45 ng/mL) and chickens 
not given FITC-D (11.09 ± 2.09 ng/ml). The larger difference in serum 
FITC-D between FR and control chickens at 1 h vs 2.5 h collection time 
suggests that 1 h may be a more optimal collection time . It is evident 
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from these results that modifications of the previous methodology for 
detection of FITC-D in serum reduced variability in the assay .

Key Words: intestinal health, FITC-D, feed restriction, enteric per-
meability, broiler

7   New biomarkers for intestinal permeability induced by 
dextran sodium sulfate and fasting in chickens. Saad Gilani*1,2, 
Gordon Howarth1, Soressa Kitessa3, Cuong Tran1,3, Rebecca Forder1, 
and Bob Hughes4, 1School of Animal and Veterinary Sciences, Uni-
versity of Adelaide, Roseworthy, SA, Australia, 2Poultry CRC, Uni-
versity of New England, Armidale, NSW, Australia, 3Commonwealth 
Scientific and Industrial Research Organisation, Food, Nutrition 
and Bio-based Products, Adelaide, SA, Australia, 4PPPI Nutrition 
Research Laboratory, South Australian Research & Development 
Institute, Roseworthy, SA, Australia.

Increased intestinal permeability (IP) can lead to bacterial transloca-
tion, bacterial chondronecrosis with osteomyelitis and compromised 
health . Recently dextran sodium sulfate (DSS) and fasting have been 
employed as methods to increase IP in chickens measured by fluorescein 
isothiocyanate dextran (FITC-d) uptake . There is limited literature of 
in vivo biomarkers to assess increased IP in chickens . The objective 
of this study was to identify a reliable biomarker of increased IP using 
DSS and fasting. Male Ross chickens (n = 48) were reared until d 14 
on the floor and then transferred to metabolism cages for control, DSS 
and fasting (n = 16). DSS was administered in drinking water at 0.75% 
from d 16 to 21 while controls received water. All birds had free access 
to feed and water except the birds in the fasting group that had only feed 
withdrawal (fasted) for 19.5 h on d 21. On d 21, all chicks were given 
2 separate oral gavages comprising FITC-d (2.2 mg in 1 mL/bird) at 
time zero and lactulose, mannitol and rhamnose (LMR) sugar (0 .25 g 
of L, 0.05 g of M, and 0.05 g of R in 2 mL/bird) at 60 min. Blood was 
collected once at 90 min after the LMR sugar gavage . Serum FITC-d 
and plasma LMR sugar values were measured by spectrophotometer and 
HPIC (high performance ionic chromatography) respectively . Intestinal 
fatty acid binding protein (IFABP), diamine oxidase (DAO) and fecal 
α-antitrypsin inhibitor (AAT) were tested by ELISA as additional bio-
markers. FITC-d increased significantly (P < 0 .05) after fasting . LMR 
values increased for DSS and fasting compared with control chickens 
(P < 0.05). IFABP, DAO and AAT showed no statistical difference 
between treated and control chickens for both models (P > 0 .05) . We 
conclude that FITC-d and LMR sugar tests can be used in chickens to 
assess changes in IP . Moreover, in this preliminary study, the LMR sugar 
test appears to be more sensitive than the FITC-d biomarker . Further 
confirmatory studies are required.

Key Words: leaky gut, fluorescein isothiocyanate dextran, diamine 
oxidase, lactulose:rhamnose ratio, lactulose:mannitol ratio

8   Effect of fructoligosaccharides on colonization of the ceca, 
liver/gall bladder, and ovary plus fecal shedding and ileum mor-
phology in hens challenged with Salmonella Enteritidis. Pratima 
A . Adhikari*1, Douglas E . Cosby2, Nelson A . Cox2, and Woo Kim 
Kyun1, 1University of Georgia, Athens, GA, 2US National Poultry 
Research Center, USDA, Athens, GA.

This study investigated the effects of fructoligosaccharides (FOS) on 
colonization of the ceca; recovery from the liver/gall bladder (L/GB) 
and ovary; fecal shedding and ileum morphology in hens challenged 
with a nalidixic acid resistant Salmonella enterica serovar Enteritidis 
(SENAR). White Leghorns (n = 30) were challenged with 1 mL of 

approximately 108 colony forming units (cfu/mL) of SENAR via both 
the oral and intracloacal routes of inoculation. Two experiments were 
conducted, with hens 60 and 65 wk old at the start of experiment 1 and 
2, respectively. Hens were divided into 3 groups: (1) without FOS (con-
trol), (2) 0.5% FOS, and (3) 1.0% FOS, and adapted to the respective 
diets for 7 d before challenge. Feces was recovered and analyzed for 
SENAR on 3 and 6 d post-inoculation (dpi) in both experiments . On 7 
dpi, the ceca, L/GB and ovary were aseptically collected from all hens. 
The number of SENAR per gram of cecal contents was estimated by a 
semiquantitative method and presence/absence was determined for L/
GB and ovary . Villi height, crypt depth, and total mucosal thickness of 
ileum were measured 7 dpi. There was no difference among the 3 groups 
with respect to fecal shedding 3 dpi (100% positive in all group). At 6 
dpi, FOS supplementation at 0.5 and 1.0% reduced the shedding to 70 
and 60% (experiment 1 and 2, respectively) compared with 90% and 
80% for the control (experiment 1 and 2, respectively). In experiment 
1, cecal counts of SENAR were log 4.2, 3.2 and 2.8 in the control, 0.5% 
and 1.0% FOS, respectively and in experiment 2, the counts were log 
3.8, 3.2 and 3.3, respectively. There was no significant difference in the 
recovery of SENAR in the L/GB and ovaries between the groups. Lower 
recovery of SENAR was observed in the ovaries (10 to 40%) compared 
with the L/GB (60 to 80%) in experiments 1 and 2, respectively. There 
was no effect on villi height, crypt depth or total mucosal thickness due 
to FOS supplementation . In conclusion, supplementation of FOS at both 
0.5 and 1.0% numerically lowered the cecal count of SENAR .

Key Words: ceca, fructoligosaccharide, leghorn, liver/gall bladder, 
ovary

9   Modulation of adaptive immune responses by probiotics in 
chicken pullets. Pablo A . Lopera*1,2, Juan C . Rodriguez-Lecompte3, 
and Julian Reyes3, 1Avicola Nacional S.A., Medellin, Antioquia, 
Colombia, 2Faculty of Agricultural Science, Universidad de Antio-
quia, Medellin, Antioquia, Colombia, 3Atlantic Veterinary College, 
University of Prince Edward Island, Charlottetown, Canada.

Probiotic bacteria have been shown to control intestinal pathogens 
through competitive exclusion, production of antimicrobial compounds, 
and also enhancing systemic antibody responses in chickens . Research 
was conducted to evaluate the long-term effects of a probiotic product 
containing a blend of lactic acid bacteria and Bacillus subtilis on the 
induction of the chicken antibody response to various viral and bacte-
rial antigens systemically. Day-old (n = 24,582) Hy-Line Brown pullets 
were divided into 2 groups of 14,076 birds (Control) and 10,506 birds 
(Probiotic) respectively . The birds received probiotics for 7 consecutive 
days orally at wk 1, 4, 7, 10, 13, 17, and 20 respectively. The control 
group did not receive probiotics during the whole experiment. Both 
groups received the same kind of vaccines and vaccination program: 
Newcastle disease virus (NDV), infectious bronchitis virus (IBV), 
infectious bursal disease virus (IBDV), encephalomyelitis (EA), and 
Mycoplasma gallisepticum (MG). On wk 2, 4, 5, 6, 11, 17 and 45, 15 
samples of serum of each group were collected for the determination of 
specific antibodies (IgG) against the above-mentioned diseases using 
either ELISA or HI. There were no significant differences in AE, and 
IBV; nevertheless, there was a tendency for the titer of antibodies to 
increase when the serums were evaluated against MG and NDV (P < 
0.09). However, only IBDV was significantly different between both 
groups (P < 0.05). Regarding the feed consumption and body weight 
there were no significant differences between groups (P > 0 .05); 
however, there was a reduced mortality trend in the probiotic group 
(P = 0.142). In conclusion, no change in performance was observed. 
However, systematic probiotics administration to hens during rearing 
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period may have immunological beneficial effect on adaptive immune 
responses to specific antigens such as IBDV and NDV, which could 
improve health status .

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

10   Regulation of host defense peptide expression and barrier 
function by butyrate and FSK in broiler chicks. Kelsy Robinson*, 
Lakshmi Sunkara, and Glenn Zhang, Oklahoma State University, 
Stillwater, OK.

Growing concern regarding the use of subtherapeutic antibiotics in 
poultry production and subsequent policy changes have created an 
urgent need for effective antibiotic alternatives. We have shown previ-
ously that butyrate, a short-chain fatty acid, and FSK, a phytochemical, 
have the ability to induce synthesis of a chicken host defense peptide 
(HDP), namely avian β-defensin 9 (AvBD9). In this study, we further 
investigated the effect of butyrate and FSK on modulating chicken innate 
immunity and intestinal barrier function . The expressions of multiple 
HDP genes as well as 2 major genes involved in barrier function includ-
ing mucin-2 and claudin-1 were evaluated by real-time PCR in chicken 
HD11 macrophage cells and broiler chicks treated with butyrate and 
FSK separately or in combination . Our results indicated that butyrate 
significantly induced the expression of multiple HDPs as well as mucin-2 
and claudin-1 in HD11 cells . FSK also enhanced HDP and mucin-2 
expression, but with no effect on claudin-1. Simultaneous stimulation 
of HD11 cells with butyrate and FSK resulted in a synergistic induction 
of AvBD10 and mucin-2 that was at least 2-fold greater than butyrate 
or FSK alone. Furthermore, feed supplementation of 5, 10, and 20 mg/
kg FSK with or without 1 g/kg sodium butyrate to 4-d-old Cobb broil-
ers for 48 h revealed that, while butyrate or FSK alone gave a minimal 
2-fold induction of AvBD10 in the jejunum, a strong 150-fold induc-
tion was observed in chicks fed a combination of butyrate and 5 mg/kg 
FSK. However, mucin-2 and claudin-1 showed a minimal induction in 
the jejunum of chickens fed FSK or butyrate alone or in combination . 
Taken together, although their role in intestinal barrier function warrants 
further investigation, butyrate and FSK synergistically induce multiple 
chicken HDP gene expression both in vitro and in vivo, thus with the 
potential to be developed as alternatives to antibiotics for poultry use .

Key Words: host defense peptides, butyrate, barrier function, innate 
immunity, antibiotic alternatives

11   In ovo inoculation of raffinose improves hatchability, 
vitalizes gut mucosa, and enhances immune response in broiler 
chickens. Amit K . Singh*, Julio D . Berrocoso, Ryosuke Kida, Yong 
Soo Kim, and Rajesh Jha, Department of Human Nutrition, Food and 
Animal Sciences, University of Hawaii at Manoa, Honolulu, HI.

This study evaluated the effects of in ovo inoculation of raffinose 
(RFO) as a prebiotic on hatchability rate, growth performance, viscera 
and muscle weight, ileal mucosa histology, and immune related gene 
expression in Cobb 500 broilers . On d 12 of incubation, 168 fertil-
ized eggs were equally and randomly allocated to 1 of 4 treatments: 
control with no inoculation or inoculation with 1.5, 3.0, or 4.5 mg 
of RFO dissolved in 0 .2 mL of commercial diluents . The respective 
concentration of RFO solution was aseptically inoculated into air sac 
of eggs assorted in each group. Following hatch, birds were grown on 
standard diet and management and feed intake and body weight were 
recorded weekly until the birds were euthanized on d 21 post-hatch for 
sample collection . Besides viscera and muscle measurement, the ileal 
samples were collected for histological study and total RNA extraction 
for evaluation of immune response via RT-qPCR. The RFO linearly (P 
< 0.05) increased the hatchability rate and relative weight of gizzard 
examined at d 21 post hatch in dose dependent manner while the body 
weight, the relative weight of viscera and muscles remained unaffected 
(P > 0 .05) by RFO . Increasing dose of RFO linearly increased (P < 
0.01) villus height on hatch day and d 21post hatch. Likewise, on d 21 
post- hatch the villus height: crypt depth ratio increased linearly (P < 
0.01) with increasing dose of RFO but crypt depth was not different (P 
> 0.05). Also, increasing dose of RFO was coupled with detection of 
elevated level of CD3 (a T-cell marker) and chB6 (a B-cell maker) genes 
expression. In conclusion, despite no significant effect on body weight 
or dressing yield of chicken, RFO has a potential to boost hatchability 
rate and improve gut health by vitalizing ileal mucosa and enhancing 
immune response of broiler chickens .

Key Words: early nutrition programing, gene expression, ileal 
mucosa histology, in ovo injection, prebiotic

12   Withdrawn 
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Student Competition: Management and Production

13   Comparison of egg production parameters and quality 
between molted and non-molted hens in enriched colony cages at 
two different densities from 73 to 109 weeks of age. Rafael Crivel-
lari*, Ramon Malheiros, Peter R . Ferket, and Kenneth E . Anderson, 
Prestage Department of Poultry Science, North Carolina State 
University, Raleigh, NC.

Alternative production systems have increased popularity in the egg 
industry to address consumer demands for the production of commercial 
eggs that reduce concerns over animal welfare. This experiment was 
conducted at the NCDA&CS, Piedmont Research Station, in conjunction 
with the NCLP&MT. This study consisted of 6 replicates totaling 378 
hens of a single commercial egg strain, housed in an enriched colony 
system at 2 different densities (69 and 138 in2/hen) containing 252 and 
126 hens each, respectively. Half of the hens were molted (69–72 wk) 
using the NCLP&MT non-anorexic molt program (NA), and the other 
half were maintained as non-molted (NM) flock for comparison of 
production and egg quality characteristics. Production criteria of feed 
consumption, egg production, and mortality were monitored daily and 
summarized by replicate every 28 d. The study was conducted from 73 
through 109 wk of age as a completely randomized design. All diets 
were provided ad libitum, based upon the hen’s feed consumption and 
productivity over the previous 28-d period. In the third week of each 
period, the previous 24 h eggs were collected for analysis over 9 periods. 
For each replicate, the eggs were evaluated to determine the USDA 
grades and egg size distribution. The NA hens had significantly (P < 
0.05) better feed consumption (g/bird/day), feed conversion (g egg/g 
feed), eggs per hen, hen housed and hen-day production and daily egg 
mass than the NM hens . The molted group also had improved egg USDA 
egg quality and egg size distribution with a higher percentage of Extra 
Large eggs (90.41 vs. 83.25). Between the 2 density treatment groups, 
the hens kept at 138 in2/hen had better feed consumption (g/bird/day), 
feed conversion (g egg/g feed), and hen housed production. There was 
an interaction on average egg weight (P < 0 .02) and the production 
of Extra Large eggs (P < 0 .04) . The NA Molted hens demonstrated 
beneficial effects on egg production parameters, especially at the lower 
stocking density .

Key Words: molt, non-anorexic, enriched colony cage, egg quality, 
laying hen

14   Effect of cooled perches on efficiency of induced molt 
during hot weather in caged hens. Jiaying Hu*1, Patricia Y . Hester1, 
and Heng-Wei Cheng2, 1Purdue University, West Lafayette, IN, 2Live-
stock Behavior Research Unit, USDA-ARS, West Lafayette, IN.

Induced molt is a management strategy used by the egg industry to 
extend the life cycle of the laying hen into a second period of lay . Induced 
molting causes stress which could be even more detrimental to hens 
when done during hot weather. Our objective was to determine if use of 
cooled perches by caged hens during an induced molt under heat stress 
conditions would improve post-molt performance. Hy-Line W-36 hens 
(n = 288) were assigned to 1 of 3 treatments: cages with perches filled 
with cooled water (CP), ambient air perches (AP), or no perches (NP). 
At 85 wk of age, hens were fed a molt diet (71% wheat middling and 
23% corn) ad libitum for 4 wk with lighting restricted to 8L:16D. Room 
temperature was increased to 32°C for 12 h (0600 to 1800 h) daily during 
the 4 wk molt. After molt, hens were fed a regular layer diet and given 
a 16L:8D photoperiod under normal ambient temperature up to 101 wk 

of age. Changes in BW were measured weekly on 2 marked birds per 
cage. Feed utilization was determined for 7 d during wk 1 and 3 of the 
molt. Number of eggs laid per cage was recorded daily. Five eggs per 
cage were collected weekly to measure shell quality. Data were subjected 
to an ANOVA with repeated measures. The 4 wk BW loss during molt, 
likely due to regression of the reproductive tract, was 13% (NP), 19% 
(AP), and 22% (CP) with CP and AP hens different from NP hens (P = 
0.02). Egg production during molt was low and did not differ between 
treatments . The CP hens had higher feed intake during molt (P = 0 .02) 
and better post-molt hen-day production beginning 8 wk into the second 
cycle (P = 0 .0002 for the treatment by age interaction) than AP and NP 
hens. Shell quality was not affected by treatment. In conclusion, cooled 
perches ameliorated the stressful effect of an induced molt plus cyclic 
heating episodes with better feed intake during molt resulting in a more 
optimum BW loss and improved post-molt egg production .

Key Words: cooled perch, molt, egg production, heat stress, hen

15   Production response of laying hens provided a photoperiod 
during incubation. William Hannah* and Bruce Rathgeber, Dalhou-
sie Agricultural Campus, Truro, NS, Canada.

Conventional incubation occurs in the dark but recent research has shown 
increased chick health as a result of applying a 12L:12D photoperiod 
during incubation . The suggested mechanism for the increased health of 
chicks administered a photoperiod during incubation is decreased stress 
by novel environments due to a synchronized circadian rhythm at hatch . 
With the chicks that have been provided light during incubation there is 
a concern of negative long-term production effects that would show up 
during the lifespan the laying hen . A total of 1,680 eggs in a completely 
randomized design experiment with 3 strains and 4 incubation photo-
period timing treatments were used to assess production parameters of 
laying hens. Barred Plymouth Rock, Lohmann Brown and Lohmann 
Lite hens were used for each of the 4 photoperiods treatments. The 4 
treatments were incubation in the dark, 12L:12D photoperiod throughout 
incubation, 12L:12D photoperiod at incubation d 9 and 17 until hatch . 
The experimental design included 9 cages for each treatment, with 5 
birds in each cage, as the experimental unit . Egg numbers, feed con-
sumption, body weight and egg quality were all monitored throughout 
laying hen production. Feed and body weight measurements were made 
monthly using all hens in each cage. Egg quality measurements used 
the average of 3 eggs from each cage and included specific gravity, egg 
weight, egg strength, albumen height, yolk weight, shell weight and shell 
thickness. No significant production responses were detected to 48 wk 
of age for the hens . The early evidence suggests that there are no det-
rimental effects of a photoperiod on laying hen production parameters .

Key Words: hen, incubation, photoperiod, production

16   Effects of genetic line and incubation temperature profiles 
on hatchability and hatchling characteristics. Albaraa Sarsour*1, 
Edgar O . Oviedo-Rondón1, Hernan A . Cordova1, Luis Carlos 
Bernal-Arango1,3, Beatriz Saldaña1,2, Ricardo Fasanaro1,4, Mariana 
Mesquita1,5, Michael J . Wineland1, Luke Borst6, and John Barnes6, 
1Prestage Department of Poultry Science, North Carolina State Uni-
versity, Raleigh, NC, 2Universidad Politécnica de Madrid, Madrid, 
Spain, 3Politécnico Colombiano Jaime Isaza Cadavid, Medellín, 
Antioquia, Colombia, 4Universidade Estadual Paulista, Botucatú, 
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SP, Brazil, 5Universidade Federal de Goiás, Goiânia, GO, Brazil, 
6College of Veterinary Medicine, North Carolina State University, 
Raleigh, NC.

Incubation temperature conditions affect embryo development and these 
effects may vary among genetic lines. This experiment was conducted 
to evaluate the effects of temperature incubation profiles on 4 genetic 
lines. A total of 1,000 eggs from: Cobb 500 × Cobb MX, Ross 708 × 
Ross, Cobb 500 × Hubbard M99, and Athens Canadian Random Breed 
Cross (ACRBC) were randomly distributed into 4 machines with 2 
incubation temperature profiles. In 2 machines, eggshell temperatures 
were maintained close to 37.8°C during the whole incubation period 
(Standard) to simulate single stage incubation . In the other 2 machines, 
eggshell temperatures were low (36.9°C) for the first 3d and later close 
to 37.8°C until the last 3d when eggs had elevated (38.9°C) eggshell 
temperatures (Low-High), as it is observed in multistage machines. 
Eggshell temperatures were measured 4 times per day with pipe-probes 
attached to eggs and read with a thermistor to avoid opening machines. 
Hatchability and fertility were evaluated at hatch. Additionally 12 chicks 
per treatment combination were sampled for BW, yolk-free BW, heart, 
liver, proventriculus, and gizzard weights. Ceca and intestine length 
were also recorded. Data were analyzed as a completely randomized 
design with a 4 × 2 factorial arrangement of treatments with genetic 
lines and incubation conditions (Standard and Low-High) as main fac-
tors. The ACRBC had significantly lower hatchability and fertility (P 
< 0.05) compared with the other genetic lines. There was no effect (P 
> 0.05) of incubation temperature profiles on hatchability. The ACRBC 
genetic line also had lower BW (P < 0 .05) and yolk free BW at hatch 
followed by the Ross × Ross genetic line. The heavier chicks at hatch 
came from the 2 Cobb crosses. Similar effect was observed on the gizzard 
and liver weights at hatch. Chicks incubated under optimum conditions 
(Standard) had heavier (P < 0.05) hearts than those from Low-High 
profile. It was concluded that genetic lines differed on hatchability and 
embryo development, and incubation temperature profiles had an effect 
on heart development at hatch .

Key Words: hatchability, genetic line, incubation temperature profile, 
broiler

17   Assessment of the penetration of eggshells of chickens of 
different genetic background by different bacteria. Xujie Li*, 
Breagh Quigley, and Bruce Rathgeber, Dalhousie University, Truro, 
NS, Canada.

The transmission of pathogenic bacteria to eggs is a major concern 
to the poultry industry . This study evaluated the ability of 2 bacteria 
strains (Salmonella enteritidis and Escherichia coli) to penetrate the 
eggshell of 4 different breeds, Lohmann LSL-Lite, Lohmann Brown 
Lite, Barred Plymouth Rock, and Ross 308. Egg weight, breaking force 
and shell thickness measurements were taken for 16 eggs per breed. An 
additional 48 empty and cleaned eggshells per breed were filled with 
plate count agar containing 30 ppm nalidixic acid and 0.1% 2,3,5-tri-
phenyltetrazolium chloride as the bacterial activity indicator . The shell 
opening was sealed with paraffin wax to prevent contamination. For 
each breed, all agar-filled eggs were labeled and randomly divided into 
2 groups with 3 replicates (8 eggs/bacteria strain/replicate). Agar-filled 
eggs were submerged for 5 min in an overnight culture of nalidixic 
acid-resistant Salmonella enteritidis or E. coli and incubated at 37°C 
for 40 h. Eggs were candled and visual colonies were counted. Eggshell 
quality characteristics and bacterial penetration data were subjected to 
ANOVA using Proc Mixed of SAS . Barred Plymouth Rock (53 .4 g) 
produced the smallest eggs compared with the other 3 breeds (P < 0 .05) . 

No significant differences were found in breaking force (P = 0 .0709) 
or shell thickness among breeds (P = 0 .429) . More E. coli (26 cfu/egg) 
penetrated the eggshells than Salmonella (18 cfu/egg) (P < 0 .05) . Bacte-
rial penetration was highest (P < 0.05) for Lohmann Brown Lite (30 cfu/
egg); no differences were found among Barred Plymouth Rock (23 cfu/
egg), Ross 308 (19 cfu/egg), and Lohmann LSL-Lite (16 cfu/egg). These 
results indicated that the ability to resist bacteria penetrating through 
eggshells were variable among breeds and bacteria strains. Lohmann 
LSL-Lite eggshells had a good ability to exclude bacterial penetration .

Key Words: Salmonella, Escherichia coli, eggshell, chicken breed, 
bacterial penetration

18   Effects of incubation temperature profiles on organ and 
gastrointestinal tract development of four genetic lines of broil-
ers. Hernan A . Cordova*1, Edgar O . Oviedo-Rondón1, Albaraa 
Sarsour1, Beatriz Saldaña1,2, Luis C . Bernal-Arango1,3, Mariana 
Mesquita1,4, Ricardo Fasanaro1,5, Michael J . Wineland1, Luke Borst6, 
and John Barnes6, 1Prestage Department of Poultry Science, North 
Carolina State University, Raleigh, NC, 2Universidad Politécnica de 
Madrid, Madrid, Spain, 3Politécnico Colombiano Jaime Isaza Cada-
vid, Medellín, Antioquia, Colombia, 4Universidade Federal de Goiás, 
Goiânia, GO, Brazil, 5Universidade Estadual Paulista, Botucatú, 
SP, Brazil, 6College of Veterinary Medicine, North Carolina State 
University, Raleigh, NC.

Incubation conditions affect organ and gastrointestinal tract develop-
ment, but these effects may differ among genetic lines . This experiment 
was conducted to evaluate the effects of incubation temperature profiles 
on organ and gastrointestinal tract development of 4 genetic lines post 
hatch. A total of 1,000 eggs from Cobb 500 × Cobb MX, Ross 708 × 
Ross, Cobb 500 × Hubbard M99, and Athens–Canadian Random Breed 
Cross (control) were randomly distributed into 4 machines with 2 incu-
bation temperature profiles. In 2 machines, eggshell temperatures were 
maintained close to 37.8°C during the whole incubation period to simu-
late single stage incubation (Standard) . In the other 2 machines, eggshell 
temperatures were low (36.9°C) for the first 3d and close to 37.8°C until 
the last 3d when eggs had elevated (38.9°C) eggshell temperatures, as 
it is observed in multistage machines (Low-High). At hatch, 960 d-old 
chicks were sexed, identified and placed in 80 floor pens (12 chicks/
pen), males and females were reared separately. At 14, 28, 42, and 56 d 
2 birds/pen were euthanized, organs (liver, heart, spleen, proventriculus 
and gizzard) and breast were weighed and duodenum, jejunum, ileum 
and ceca length were measured. Organ weights and gut length were 
calculated relative to BW. Data were analyzed as randomized complete 
block design with a 4 × 2 × 2 factorial arrangement of genetic lines, 
incubation profiles and sex as main effects. No interaction effects (P > 
0.05) were observed. There was an effect of genetic lines (P < 0 .001) 
on relative breast yield at 14 and 28 d of age. Ross × Ross broilers had 
more breast than the Cobb crosses as well as the control. No significant 
effects of incubation temperature profiles (P > 0.05) were detected on 
any of the parameters measured . Although, genetic lines differed (P < 
0.001) on organ weights and intestine length, only the control line was 
different from the other lines . We concluded that incubation temperature 
profiles did not affect organ and gastrointestinal tract development during 
grow-out, and genetic lines differed on breast development.

Key Words: genetic line, incubation temperature profile, organ, 
gastrointestinal tract, broiler

19   Withdrawn
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20   Effect of sex and feed ingredients on carcass yields of 
commercial broilers and Rhode Island Reds. Tatijana Fisher*1, 
Anthony J . Pescatore1, Jacqueline P. Jacob1, Austin Cantor1, Michael 
J . Ford1, and Tuoying Ao2, 1University of Kentucky, Lexington, KY, 
2Alltech Inc., Nicholasville, KY.

The objective of this study was to assess the effects of breed [com-
mercial broilers (BR) vs . Rhode Island Reds (RIR)], sex, and the use 
of alternative feed ingredients on carcass yields. A 2 × 5 factorial 
arrangement of breeds and dietary treatments was used with the fol-
lowing isocaloric (3,000 kcal of ME/kg) and isonitrogenous (20% CP) 
diets: (1) corn-soybean meal (CS)-based diet; (2) ~30% of CS in diet 1 
replaced with field peas (P); (3) diet 2 with a dietary enzyme complex 
(Allzyme SSF, Alltech Inc.) added at 0.02% of diet (P+); (4) ~50% of 
CS in diet 1 replaced with a mix of field peas, buckwheat, and flax seed 
(M); (5) diet 4 with 0.02% Allzyme SSF added (M+). For each treat-
ment, 3 replicates of 12 straight-run birds were housed in floor pens. 
At 42 and 96 d of age, 2 males and 2 females from each pen of BR and 
RIR, respectively, were weighed and processed. Average BW was 2,073 
g for BR males, 2,067 g for BR females, 1,796 g for RIR males, and 
1,328 g for RIR females. As a percent of BW, chilled carcass without 
giblets (WOG) yields were significantly (P < 0 .05) higher, and percent 
fat pad was significantly lower for BR than for RIR. As a percent of 
WOG, BR had significantly greater boneless skinless breast and tender 
yields, and lower wing and leg quarter yields than RIR. As a percent 
of BW, WOG yields, and percent fat pad were significantly higher for 
birds fed CS, P, and P+ than for birds fed M and M+ . As a percent of 
WOG, birds fed CS, P, and P+ had significantly higher breast yields, and 
lower wing and leg quarter yields than birds fed M or M+. As a percent 
of BW, females had similar WOG yields, but significantly higher fat 
pad yields than males. As a percent of WOG, females had significantly 
higher tender and lower leg quarter yields than males. However, sex did 
not affect breast or wing yields. WOG and breast yield were depressed 
by diets M and M+ for BR, but not for RIR. Traits were more similar 
between sexes for BR than for RIR. Inclusion of dietary enzymes did 
not affect carcass yields. In conclusion, percent yields of RIR were 
lower and more affected by sex, but less affected by feed ingredients, 
than commercial broilers .

Key Words: Rhode Island Red, carcass yield, field peas, buckwheat, 
flax

21   Sorghum inclusion levels and the addition of a serine 
protease on footpad dermatitis at 40 days of age. Pedro H . Fer-
zola*1,2, Edgar O . Oviedo-Rondón1, Albaraa Sarsour1, and Hernan A . 
Cordova1, 1Prestage Department of Poultry Science, North Carolina 
State University, Raleigh, NC, 2Universidade Federal do Rio Grande 
do Sul, Porto Alegre, RS, Brazil.

Feed ingredients and enzyme addition might affect fecal and litter traits 
and consequently footpad dermatitis (FPD) incidence. One experiment 
was conducted to evaluate the effects of sorghum-based diets and the 
addition of a serine protease on FPD incidence of broilers at 40 d of age . 
There were 4 dietary treatments from a 2 × 2 factorial arrangement of 
treatments with 2 feed ingredients (corn and sorghum) and presence or 
absence of a serine protease (0 or 500 g/ton for 600,000 U/g), as main 
factors. A total of 640 Ross 708 d-old male chicks were placed in 32 
pens with 20 chicks per pen raised on used litter in an open-sided house 
with clear curtains. Chickens were fed the 4 diets and water ad libitum. 
At 40 d of age, all broilers were individually evaluated for FPD, valgus, 

and hock burns. FPD was scored according to the method described by 
Allain et al. (2009; Br. J. Poult. Sci). Valgus and hock burns were scored 
as presence or absence of the condition. Additionally, litter samples were 
taken from each pen to evaluate moisture in a forced air oven for 48 h . 
Data was analyzed as a randomized complete block design with a 2 × 
2 factorial arrangement of treatments and pen location within the house 
as blocks . No interaction effects (P > 0.05) were observed. There was 
an effect of feed ingredient (P < 0 .05) on FPD and hock burns . Broilers 
that were fed corn diets had worse FPD scores and hock burns compared 
with broilers that were fed sorghum diets. There was no effect of prote-
ase (P > 0.05) on any of the parameters measured. However, when the 
protease was added to corn diets a 3% increase in litter moisture was 
observed and hock burns incidence reduced compared with corn diets 
without the enzyme. This effect was not observed on the sorghum diets. 
It was concluded that broilers fed sorghum-based diets could have lower 
incidence of FPD and hock burns than broilers fed corn-based diets, and 
protease addition does not significantly reduce FPD.

Key Words: footpad dermatitis, hock burns, sorghum, broiler

22   Effects of main and supplemental light spectrum on broiler 
breeder growth and maturation. Adriana Rodriguez*1, Martin J . 
Zuidhof2, Charlene Hanlon1, Brandi Sparling1, and Gregoy Y . Bede-
carrats1, 1University of Guelph, Guelph, ON, Canada, 2University of 
Alberta, Edmonton, AB, Canada.

Green and red lights have been shown to stimulate early growth and 
sexual maturation, respectively . In boiler breeders (BB), managing 
body weight (BW) during the rearing of pullets is key to optimum 
reproduction . We developed a precision feeding (PF) system for BB 
that automatically allocates feed to individual birds to precisely match 
real-time to BW targets. However, usage of the PF system during the 
pullet stage needs to be extended beyond the standard 8h day . Thus, the 
objectives of this study were to determine whether specific wavelengths 
and intensity could be provided 24h as supplemental lighting at the 
feeder level without negatively affecting growth and reproduction, and 
assess the effects and interactions with 2 primary daytime barn light-
ing spectrum. Four identical rooms (12 pens each) were used in a 2 × 
4 × 2 factorial arrangement of treatments, with 2 daytime light sources 
(60% red or 60% green LEDs; n = 2 rooms each), 4 supplemental light 
wavelengths (dark, red, blue or green; n = 12 pens each) at 2 intensities 
(low <2 lx, high >10 lx; n = 24 pens each). At 14 d of age (doa), 480 
female Ross 708 chicks were randomly distributed across pens (n = 10 
per pen). All birds were given the same daily feed allocation and were 
maintained under an 8-h photoperiod, before being photostimulated with 
14L:10D at 140 doa. Birds under green daytime light were significantly 
heavier (P ≤ 0.05) than birds under red light from 15 to 71 doa. Regard-
less of daytime light treatment, birds under supplemental red light were 
significantly heavier (P ≤ 0.05) at 29 and 36 doa, and from 50 to 86 doa. 
Hens under red daytime light produced significantly more eggs than 
under green light at 25 (6.6% increase) and 26 (9.0% increase) weeks of 
age . Regardless of daytime light, sexual maturation under supplemental 
red light was significantly delayed in an intensity dependent manner (2 
and 3 wk lag for low and high intensity, respectively). As birds under 
supplemental red light were also significantly heavier (P ≤ 0.05) between 
25 and 30 wk of age, delayed sexual maturation translated to energy 
diverted to growth.

Key Words: light spectrum, broiler breeders, precision feeding, 
growth, reproduction
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23   Feeding patterns in feed restricted broiler breeders. Carla 
D . Aranibar*1, Colin Usher2, Wayne D . Daley2, and Jeanna L . 
Wilson1, 1Department of Poultry Science, University of Georgia, 
Athens, GA, 2Georgia Tech Research Institute, Georgia Institute of 
Technology, Atlanta, GA.

Broiler breeders are selected for fast growth and have the potential 
to become overweight if fed ad libitum. The improvement in genetic 
selection for feed efficiency lead to the development of feed restriction 
programs for both males and females starting as early as 2 wk. As a 
result, they experience chronic hunger and exhibit abnormal behavior 
patterns that may indicate stress or frustration . One approach to mea-
suring hunger is to observe how the birds spend their time during an 
extended 4-h period after feed is available each day and the same 4 h 
period on off feed days . A second objective is to determine if there are 
differences in pullet and cockerel feeding patterns . In this study, 2 pens 
(4.5 × 7.3m) of 220 pullets and 2 pens of 120 cockerels were observed. 
Birds were fed on a skip-a-day (SAD) feeding regimen from 3 to 21 
weeks of age with feed allocation based on body weight suggested 
by primary breeder. Bird behavior was monitored via high definition 
cameras and focused on one side of 2.2 m length of feed trough (20% 
of feeder space) and nipple drinker (100% drinker line). Behavior scan 
sampling measurements (1 h every 5 min, remaining 3h every 10 min) 
were conducted every other week starting at 9 wk through 17 wk of age. 
All data was analyzed using PROC GLM in SAS, specific behaviors 
for each pen were used to compare male vs. female means. Feeding 
behaviors show significant differences based on the sex of birds in 
regards to time spent at the feeder (P < 0 .0001) and the drinker area (P 
= 0 .0004) . Pullets have a delay in going to the drinker area and are less 
aggressive toward it compared with the cockerels when feed is avail-
able . On an off feed day, both pullets and cockerels exhibit behavior 
indicative of feeding frustration such as pecking the floor. Overall, 
pullets and cockerels exhibit different feeding behaviors based on their 
sex and feeding program .

Key Words: behavior, feeding pattern, broiler breeder pullet, 
cockerel

24   Benefits of a hands-on production laboratory in an under-
graduate curriculum. Sara K. Orlowski* and Nicholas B. Anthony, 
University of Arkansas, Fayetteville, AR.

Incorporation of hands-on experience pertaining to all aspects of broiler 
breeder production in an undergraduate poultry science curriculum is 
key in helping to prepare students for careers in the poultry industry . 
Undergraduate students at the University of Arkansas in the Poultry 
Breeder Management course have the opportunity each semester to gain 
experience in a hands-on broiler breeder production laboratory . The class 
is split into small groups of 5 or 6 students, and each group is given 
their own broiler breeder chicks as well as a set of pullets to grow and 
maintain . With the chicks, students are responsible for creating a breeder 
feed-restriction program. Each week, students make decisions on feed 
allocations, lighting, and temperature to gain experience growing broiler 
breeders on a production curve through knowledge they have gained 
through class materials. Along with growing chicks on a production 
curve, students are responsible for bringing broiler breeder pullets into 
production. Students are also given various scenarios to see how differ-
ent management decisions can affect breeder growth and production. 
Scenarios in the pullet house can include managing non-uniform flocks, 
providing ad libitum consumption of feed or dealing with flocks that 
are either above or below the production curve. Weekly meetings with 
each group are critical to ensure that the groups are staying on task and 
that they understand how the decisions they make as a grower at any 
point in the growth phase can affect the livability and performance of 
the broiler breeders produced . At the end of the semester, each group 
presents how their management decisions made during the class have 
affected breeder performance . Throughout this semester long class, 
students are able to gain knowledge about broiler breeder production 
while also gaining essential management and leadership techniques in 
the process through experiential learning . Classes such as the Poultry 
Breeder Management course could potentially help better prepare 
undergraduates for careers in the poultry industry and make them well 
qualified individuals upon graduation.

Key Words: education, experiential learning, broiler-breeder, pro-
duction, management
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Student Competition: Metabolism and Nutrition, Enzymes

25   Effect of cysteine protease enzyme in diet to reduce soybean 
meal without affecting performance of Kadaknath birds in India. 
Sandeep Gupta* and Mukesh Mehta, Government College of Veteri-
nary Science and Animal Husbandry, Mhow, Madhya Pradesh, India.

Soybean meal is a highly acceptable vegetable protein source in the 
poultry industry, and due to this the demand of soybean meal is always 
high . The increased use of soybeans in human food is a major challenge 
of availability for poultry industry . The present study is conducted to 
determine the effect of cysteine protease to reduce use of soybean meal 
and improve performance of Kadaknath birds . The indigenous Kada-
knath breed is well known in India for its characteristic black beak, 
feathers, comb, and shanks, and for its delicious black flesh. The bird 
is very popular due to its aphrodisiac properties, adaptability to local 
environment, resistance to certain diseases, meat quality, and many other 
criteria specific to the breed type. It has been neglected commercially 
because of its poor production potential . In an experiment lasting 12 
wk, 100 day-old Kadaknath broiler chicks were randomly divided into 
2 equal groups with 5 replicates, each replicate consisting of 10 chicks. 
Experimental diets for pre-starter, starter, and finisher birds consisted 
of maize, soybean meal, and feed additives. One of the 2 diets was 
supplemented with cysteine protease (130,000 PU/gm) at level of 250 
g per ton with 5% reduction of crude protein, lysine, and methionine. 
The metabolizable energy was reduced at the level of 50 kcal/kg of diet 
to meet the requirement of the birds as per BIS (2007). Approximately 
20 kg of soybean meal (45% CP) was reduced in the cysteine protease 
supplemented diet per ton. The feed intake was significantly (P < 0 .05) 
lower in the cysteine protease supplemented group. The body weight 
gain and FCR were statistically similar in both groups. Profitability 
was significantly (P < 0 .05) higher in the cysteine protease group due 
to reduction of soybean meal in the diet. In the above study, it was 
concluded that cysteine protease is an economic enzyme to improve 
performance of birds and fulfil scarcity of high protein
ingredients such as soybean meal .

Key Words: cysteine protease, Kadaknath, enzyme, soybean meal, 
profitability

26   Effect of different proteases on performance, nutrient 
digestibility, and carcass response in broilers fed poultry by-
product meal-based diets from 1 to 35 days post-hatching. Tahir 
Mahmood*1, Muhammad Aslam Mirza1, Haq Nawaz1, Muhammad 
Shahid2, and Mubashar Hussain1, 1Institute of Animal Sciences, 
University of Agriculture, Faisalabad, Punjab, Pakistan, 2Depart-
ment of Biochemistry, University of Agriculture, Faisalabad, Punjab, 
Pakistan.

This study was planned to probe the effect of different proteases with 
varied pH (acid, neutral) range on performance, nutrient digestibility 
and carcass response in broilers fed poultry by-product meal based diets . 
The dose rate for enzymes in the diet was 80, 160 and 120 g per ton for 
acid, neutral and combination (50:50), respectively . The birds (n = 200) 
were divided into 5 treatment groups with 4 replicates under completely 
randomized design . Five isoenergetic and isonitrogenous diets (ME 
2850; CP 20) were formulated on digestible amino acid basis and fed to 
the experimental birds ad libitum from d 1 to 35 . A corn-soybean meal 
based diet with no poultry by-product meal served as negative control 
(NC) . All other diets including positive control (PC) contained poultry 

by-product meal at 3% level supplemented with acid (PC-A) or neutral 
proteases (PC-N) and or in combination (PC-C). Feed intake was not 
affected (P > 0 .05) in any of the dietary treatments throughout the trial 
while body weight gain was significantly improved (P < 0 .05) during d 
1 to 35. Feed conversion ratio was improved (P < 0 .05) by acid protease 
during starter phase (d 1–21) while it was improved significantly (P < 
0.05) with diet containing combination of acid and neutral proteases 
from d 1 to 35. Apparent digestibility coefficient for nitrogen, AME, 
Nret, and AMEn were significantly improved (P < 0 .05) by combination 
of acid and neutral proteases. However, carcass traits remained unaf-
fected (P > 0.05) in all the dietary treatments. It was noted that diet 
supplemented with combination of acid and neutral proteases resulted 
in better growth performance and nutrient digestibility as compared 
with diets supplemented with acid and neutral proteases individually.

Key Words: exogenous protease, broiler, growth performance, nutri-
ent digestibility

27   Evaluation of increasing levels of phytase in diets contain-
ing variable levels of amino acids on male broiler performance 
and processing yields. Kyle A . Smith*1, Austin T . Jasek1, Craig 
Wyatt2, and Jason T . Lee1, 1Texas A&M AgriLife Research, College 
Station, TX, 2AB Vista, Stilwell, KS.

The objective of the current study was to evaluate the influence of 
increasing levels of (super-dosing) phytase with 3 levels of amino acids 
(AA) on performance and breast yield. The experimental design was a 
randomized complete block with a 3 × 3 factorial of 3 levels of phytase at 
500, 1,500, and 3,000 FTU/kg respectively, and 3 AA densities. The first 
level of AA density represented a typical industry diet that met breeder 
recommendations (100%) with a 5 (95%) and 10% (90%) reduction for 
a total of 9 treatments. Each treatment included 7 replicate pens with 45 
Cobb 500 males placed per pen. The AA densities were formulated at 
1.20, 1.14, and 1.08% digestible lysine in the starter diet for the 100, 95, 
and 90% diets respectively. The dietary program consisted of 3 phases 
including the starter through d 18, grower through d 30, and finisher 
through d 44. Broilers were weighed and feed consumption determined 
on d 18, 30 and 44. On d 45, 5 broilers per replicate pen were processed 
to determine breast, tender, abdominal fat pad and carcass yield . The 
inclusion of super-doses (1,500 and 3,000 FTU/kg) of phytase increased 
(P < 0.05) body weight (BW) at d 18; however, 3,000 FTU/kg was 
needed for significant separation on d 44 when compared with the 500 
FTU/kg level. Similar responses were observed for feed conversion ratio 
(FCR) as both elevated levels of phytase improved FCR in the starter 
phase; however, 3,000 FTU/kg was needed to improve (P < 0 .05) FCR 
in later stages of growth and from d 1 to 44. Inclusion of elevated levels 
of phytase increased (P < 0.05) breast yield compared with the 500 FTU/
kg. The reduced levels of AA (5 and 10%) decreased (P < 0 .05) BW, 
BW gain, and FCR compared with the industry level AA treatments; 
while the 10% reduction in AA also reduced (P < 0.05) breast weight 
and yield and increased fat pad yield. Throughout the trial there were 
no significant interactions between levels of phytase and levels of AA; 
however, these data support the idea that “super-dosing” phytase can 
improve broiler performance and breast meat yield presumably through 
the elimination of over 90% of dietary phytate leading to improvements 
in nutrition retention .

Key Words: phytase, amino acid, broiler
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28   Efficacy of a novel protease provided to broiler chicks in 
diets that vary in composition and degree of processing. Danielle 
A . Reese* and Joseph S . Moritz, West Virginia University, Morgan-
town, WV.

Exogenous enzymes added at the mixer should demonstrate activity 
post-pelleting and improve bird performance to justify use in the broiler 
industry. Past research has shown that diet substrate and the pelleting 
process can effect enzyme efficacy. The objective of the study was to 
evaluate the feeding value of a novel protease in unprocessed mash 
and pelleted diets that were composed of all vegetable protein or an 
inclusion of animal protein. Treatments were arranged in a 2 × 2 × 2 
factorial within a randomized complete block design. Protease inclusion 
was either 0 or 2%. Diet composition was either all vegetable protein 
or an 8% porcine meat and bone meal inclusion. Diets were fed as 
unprocessed mash or ground pellets that were steam conditioned at 
70°C and extruded through a 4 × 45 mm pellet die. Pellets were ground 
before feeding to eliminate potentially confounding feed form effects . 
All diets were formulated to be 85% of crude protein and digestible 
amino acid recommendations for young broilers. Dietary treatments were 
fed to 9 replicate raised wire cages of 8 straight-run Hubbard × Cobb 
broiler chicks for 21 d. Protease activity was confirmed post pelleting 
and expressed in tyrosine releasing units that compare the absorbance 
of tyrosine liberated by protease digested casein to a standard curve 
generated by a tyrosine dilution . Protease and degree of processing 
interacted to effect chick weight gain and feed conversion ratio (FCR) 
(P < 0.05). Protease applied to pelleted diets improved 21 d weight 
gain by 57g and decreased 21 d FCR by 0 .07 . Similar improvements 
were not observed in unprocessed mash diets. Linear contrasts clari-
fied that protease applied to pelleted diets was most beneficial for all 
vegetable protein compositions (P < 0 .05) . Diet composition and degree 
of processing interacted to effect FCR (P < 0 .05) . Meat and bone meal 
inclusion increased feed conversion ratio in unprocessed mash diets but 
not pelleted diets. Protease efficacy was influenced by diet composition 
and degree of processing .

Key Words: protease, activity, pelleting, broiler, performance

29   Effects of dietary phytase on production, eggshell quality, 
and bone traits in laying hens from 55 to 74 weeks of age. Koon-
phol Pongmanee* and Douglas R . Korver, University of Alberta, 
Edmonton, AB, Canada.

Phosphorus and calcium are essential for bone health of laying hens 
late in production . Since little research has been done on phytase use 
in laying hens over 55 wk of age, the efficacy of an Escherichia coli 
6-phytase was determined in laying hens from 55 to 74 wk. The experi-
ment was a completely randomized design. Dietary treatments began at 
1 d of age; results to 54 wk of age have been previously reported. At 55 
wk of age, individually caged white egg layers (n = 172) remained on 
their respective treatments . The positive control (PC) diet in each phase 
was based on breeder management guide levels for available P (aP), Ca, 
and Na. The negative control (NC) diet for each phase was reduced by 
0.15, 0.16, and 0.035% units for aP, Ca, and Na, respectively. Dietary 
treatments from 55 to 74 wk were PC (0.40% aP, 3.73% Ca, and 0.16% 
Na); NC (0.25% aP, 3.57% Ca, and 0.13% Na); and the NC plus either 
300, 600, or 1,200 FTU phytase/kg feed. Body weight, feed intake, 
egg production, egg weight, and eggshell quality were determined at 
5 wk intervals. At 64 and 74 wk, the right femur was excised from 8 
birds/treatment and bone breaking strength (BBS) and ash determined. 
Data were analyzed using the mixed procedure of SAS; differences 
were considered significant at P < 0.05. From 55 to 74 wk, there were 
no treatment effects on feed intake (112 .02 ± 0 .64 g), feed conversion 

ratio (1.45 ± 0.01 kg feed/dozen eggs), or egg production (92.24 ± 
0.54%). At 74 wk, phytase did not affect egg specific gravity (1.0793 
± 0.0011) or eggshell breaking strength (3.34 ± 0.28 kgf). However, 
hens fed NC+1,200 had the highest egg mass (60 .52 ± 0 .78 g) . BBS 
and bone ash in NC+600 hens were nearly significantly higher (P = 
0 .062) and higher (P = 0 .031) than NC and NC+300 hens, respectively . 
Although low dietary aP and Ca did not have a profound effect on hen 
performance, phytase supplementation tended to increase bone quality 
in late production. Further reductions of dietary aP and Ca with phytase 
supplementation might still be possible .

Key Words: phosphorus, phytase, bone breaking strength, bone ash, 
laying hen

30   The efficacy of two phytases on inositol phosphate deg-
radation in different segments of the gastrointestinal tract and 
bone quality of broilers. Abiodun Bello*1, Yueming Dersjant-Li2, 
and Douglas R . Korver1, 1Department of Agricultural, Food, and 
Nutritional Science, University of Alberta, Edmonton, AB, Canada, 
2Danisco Animal Nutrition, DuPont Industrial Bioscience, Marlbor-
ough, United Kingdom.

The anti-nutritional (ANF) effects of various inositol phosphates (IP3–6) 
have been well recognized; IP6 is a much more potent ANF than the 
lower esters. The efficacy of Buttiauxella sp . (BP) and Citrobacter sp . 
(CP) phytases were evaluated on IP3–6 concentration in the digesta of 
proventriculus + gizzard (P+G) and distal ileum (DI), and IP3–6 DI 
disappearance (ID) at 22 d (n = 693) and bone quality at 8, 22, and 33 
d (n = 126 per age) in broilers. Female Ross 308 broilers [n = 1,890 
(30 birds × 7 diets × 9 replicates)] were fed corn-soy based diets. Treat-
ments were a nutritionally adequate positive control diet (PC); the PC 
with available P and Ca reduced by 0.146 and 0.134% units (NC1) or 
by 0.174 and 0.159% units (NC2); the NC1+BP or CP at 500 FTU/
kg (NC1+BP500 and NC1+CP500); and the NC2+BP or CP at 1,000 
FTU/kg (NC2+BP1000 and NC2+CP1000). A completely randomized 
experimental design was used; data were analyzed using Proc Mixed 
and means compared by LSD (SAS). Compared with the respective 
controls, NC2+BP1000 increased DI IP3, while each phytase treatment 
increased DI IP4 and decreased P+G and DI IP6 (P < 0.001). However, 
NC1+BP500 and NC2+BP1000 decreased P+G IP6 by 90 and 91%, 
respectively, and NC1+CP500 and NC2+CP1000 by 65 and 77%, 
respectively (P < 0 .05) . Also, DI IP6 was lowered by 46% for BP vs CP 
at 1,000 FTU/kg and by 29% at 500 FTU/kg (P < 0 .05) . Dietary BP at 
1,000 FTU/kg more efficiently degraded phytate (IP4, IP5, and IP6 ID) 
than at 500 FTU/kg. At d 33, NC2+ BP1000 increased (P < 0 .05) femur 
breaking strength and ash content vs NC2+CP1000 and controls . Hence, 
BP at 1,000 FTU/kg in broiler diets effectively reduced the ANF effects 
of IP esters, particularly IP6, to increase bioavailability of P and bone 
strength. Efficacy of phytase in liberating phytate-bound P depends on 
source and inclusion levels .

Key Words: broiler, Buttiauxella sp . phytase, Citrobacter sp . phy-
tase, inositol phosphates

31   Influence of a super-dose of a novel microbial phytase on 
growth performance and tibia ash in broilers raised under two 
light intensities. Maurice Frost*1, Karen D . Christensen1, and Craig 
Wyatt2, 1University of Arkansas, Fayetteville, AR, 2AB Vista, Stillwell, 
KS.

An experiment was conducted to evaluate the extra phosphoric effects 
of a microbial phytase on performance and tibia ash in broilers raised 
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under 2 light intensities. Male Cobb 500 broilers (n = 2,304) were placed 
in 4 commercial houses with 24 pens per house using a randomized 
complete block design. Three experimental diets: control (C) a corn/
soy diet with a phytase credit for minerals (lower AvP, Ca and Na), C+ 
500 U/kg microbial phytase (C+500) and C+1500 U/kg microbial phy-
tase (C+1500) were fed for 35 d. Body weights, feed intake and daily 
mortality were recorded. Crumbled starter diets were fed to 24 birds/
pen (16 reps/treatment; 32 reps for main effect of phytase dose) to d 13. 
On d 13, birds and feed were weighed, 2 birds/pen were euthanized for 
collection of left tibias for ash. From d 13 to 35, pelleted grower diets 
were fed. On d 35, birds and feed were weighed and 2 birds/pen were 
euthanized for collection of left tibias for ash. Statistical analyses were 
performed with JMP 12. Throughout the trial, there was a main effect 
of light intensity affecting feed (FCR) conversion with birds exposed to 
high intensity having a significantly poorer FCR. At d 13, bird weights 
were higher in the C+1500 trt (P < 0 .05) than the C+500 and C treat-
ment and the weight of the C+500 was higher than the C (P < 0 .05) . At 
d 13, no differences in feed conversions (FC) was found, however, the 
C+1500 tibia ash was higher (P < 0 .05) than C+500 and C . Also C+500 
showed a higher (P < 0.05) tibia ash than C. At d 35, bird weights were 
higher in C+1500 than C+500 (P < 0 .05) and C (P = 0 .0001) . Feed con-
versions were lower (P < 0 .05) in C+1500 and C+500 than C . Tibia ash 
was higher (P < 0 .05) in C+1500 and C+500 than C . Percent tibia ash 
by C+1500 was significantly higher at d 13 than C+500 and C, whereas, 
at d 35, % tibia ash showed no statistical difference between normal 
and super-dose of phytase . This may be attributed to a higher capacity 
of phosphorus deposition in the bone during the first days of life. The 
improvement in production parameters (FC and weight gain) with the 
super-dose of phytase may be attributed to phytate destruction beyond P .

Key Words: phytase, super-dose, lighting, bone ash

32   Evaluation of the effect of dietary fat inclusion on xylanase 
efficacy in broiler diets. Kyle D. Brown*1, Rocky E . Latham1, Omar 
Gutierrez2, and Jason T . Lee1, 1Texas AgriLife Research, College Sta-
tion, TX, 2Huvepharma Inc., Peachtree City, GA.

An experiment was conducted to evaluate the effect of dietary fat inclu-
sion on xylanase efficacy in reduced energy diets on male broiler growth 
performance. The experimental design included a 2 (fat inclusion) × 2 
(xylanase inclusion) factorial with the inclusion of a reference diet rep-
resenting an industry control diet (PC) . The 2 diets varying in fat content 
were formulated on an iso-nitrogenous and iso-caloric basis with a 110 
kcal/kg reduction in AME and a reduction of 2% in amino acids com-
pared with the PC diet. The first of the reduced energy diets (NC1) was 
formulated with a maximum of 0.5% supplemental fat inclusion while 
the other reduced energy diet (NC2) was formulated with a minimum 
of 1.5% supplemental fat. Each treatment included 9 replicates with 53 
broilers randomly placed per replicate (2,385 total chicks placed) . The 
dietary program consisted of 4 phases including the starter through d 

13, grower through d 28, finisher through d 40, and withdrawal through 
d 49 . Inclusion of xylanase increased (P < 0.05) early body weight at 
13 and 28 d of age. During the starter phase, broilers fed the low fat 
diet exhibited elevated body weight and improved feed conversion ratio 
(FCR) compared with the higher fat diet. This trend reversed during 
the grower phase with the higher fat diet exhibiting a lower (P < 0 .05) 
FCR compared with the lower fat diet. Factorial analysis indicated that 
xylanase reduced (P = 0 .05) cumulative FCR through 28 d as compared 
with the control. At the conclusion of the experiment, broilers reared on 
the 2 reduced-energy diets had similar body weight and feed conversion 
ratio indicating that supplemental fat content in the diet did not affect 
growth performance. Additionally, the NC1 and NC2 fed broilers had a 
weight-adjusted feed conversion ratio higher (P < 0 .05) than that of PC 
fed broilers. However, inclusion of xylanase in both the NC1 and NC2 
diets reduced weight-adjusted feed conversion ratio to levels similar 
to that of the PC, indicating that xylanase inclusion improves growth 
performance in broilers regardless of
dietary fat inclusion .

Key Words: xylanase, fat, broiler, performance

33   Amylase improves digestibility of pelleted diets. Vinícius 
Gonsales Schramm*1, Jean Fagner Durau1, Andreia Massuquetto1, 
Vitor Augusto Bernardini Zavelinski1, Vitor Barbosa Fascina2, and 
Alex Maiorka1, 1Federal University of Paraná, Curitiba, Paraná, 
Brazil, 2DSM Nutritional Products, São Paulo, São Paulo, Brazil.

This study was conducted to evaluate the effect of amylase and pelleted 
diets on crude protein and starch digestibility . Eighty 1-d-old male 
chicks Cobb 500 were allocated in a completely randomized design 
in factorial arrangement (2 × 2). The treatments were with or without 
amylase (80 KNU/kg feed of Ronozyme HiStarch) and mash or pel-
leted diets, totalizing 4 treatments, with 10 replicates of 2 broilers each. 
Birds were placed in boxes with water and feed ad libitum. At 47 d of 
age all birds were euthanized and the ileal content was collected. Diets 
and ileal content were analyzed to dry matter (DM), crude protein (CP), 
available starch (AS), resistant starch (RS), total starch (TS) . For ileal 
digestibility calculations it was added 1% of acid insoluble ash as marker 
in diet. Data were analyzed by ANOVA and differences between means 
were compared by Tukey test at 5% probability. There was interaction 
between physical of diets and amylase on CP digestibility (P < 0 .05) . 
The amylase supplementation improved CP digestibility in pelleted 
diets . The use of amylase increased DM (76 .99 vs 78 .87; P < 0 .05) and 
RS digestibility (75 .36 vs 81 .47; P < 0 .05) . The pelleted diets reduced 
DM (78 .74 vs 77 .13; P < 0 .05) and RS digestibility (80 .45 vs 76 .38; P 
< 0.05) when compared with mash diet. There was no effect of amy-
lase or diet physical form on AS and TS digestibility. It was concluded 
that amylase improved DM and RS digestibility in diets . Furthermore, 
amylase improved CP digestibility in pelleted diets .
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34   Effects of a direct-fed microbial on live performance of 
broilers challenged with an avian pathogenic Escherichia coli. 
Nathaniel W . Barrett*1, Miranda M . Ritzi1, Rami A . Dalloul1, Nicho-
las Evans1, Jason Sewell2, and Michael E . Persia1, 1Virginia Tech, 
Blacksburg, VA, 2Nutraferm Inc., North Sioux City, SD.

A direct fed microbial was evaluated using a broiler avian pathogenic 
Escherichia coli (APEC) challenge . The product is a single strain of 
Lactobacillus plantarum (GB-LP1) . In total, 432 d-old male broiler 
chicks were randomly assigned to 8 replicates of 9 birds for 6 treatments. 
Treatments included a non-challenged positive control (PC), a chal-
lenged non-treated negative control (NC), challenged with an antibiotic 
(BMD), and challenged with 0.05, 0.10, or 0.20% GB-LP1. Chicks were 
housed in raised-wire cages in an environmentally controlled room for 
the 28-d period with ad libitum access to feed and water. Challenge 
protocol included oral gavage with 108 cfu of APEC in 0 .5 mL on d 7 . 
Mortality were recorded daily and all dead birds were necropsied. Feed 
intake and body weight were recorded to calculate mortality corrected 
feed conversion ratio (FCR). On d 14, 3 birds/pen were euthanized to 
determine spleen weight (SW). Data were analyzed using one-way 
ANOVA with protected LS means to separate means with significance 
assigned at P = 0.05. Body weight was not affected by treatment, but 
APEC challenge increased FCR over the PC (P = 0.05), with inclu-
sion of BMD returning FCR to PC values . GB-LP1 treatment did not 
improve FCR and the 0.10% GB-LP1 resulted in FCR that was higher 
than the NC (P = 0.05). There were 7 mortality attributed to APEC in 
the infected non-treated NC and no mortalities in the non-infected PC 
birds. Treatment of birds with BMD, 0.05 and 0.20% GB-LP1 resulted 
in moderate reductions in mortality (5 each), but the 0.10% GB-LP1 
resulted in only 2 mortality attributed to APEC challenge . At D14, SW 
(% of body weight) was increased by APEC (P = 0.05) with the BMD 
and 0.05 and 0.20% GB-LP1 returning SW to an intermediate weight. 
Interestingly, the 0.10% GB-LP1 resulted in the highest spleen weight 
at 14 d. In conclusion, these data suggest that 0.10% GB-LP1 might be 
upregulating the immune response (increased spleen weight and FCR) 
of birds resulting in increased survivability when challenged with APEC.

Key Words: broiler, avian pathogenic Escherichia coli, direct-fed 
microbial, performance

35   The effect of synbiotic supplementation on immune param-
eters and Salmonella colonization in layer hens pre and post 
Salmonella challenge. Amanda E . Luoma*1, G . Raj Murugesan2, 
Michaela Mohnl3, Revathi Shanmugasundaram1, Ashley Markazi1, 
and Ramesh Selvaraj1, 1Department of Animal Sciences, The Ohio 
State University, Columbus, OH, 2Biomin America Inc., San Antonio, 
TX, 3Biomin Holding GmbH, Getzersdorf, Austria.

This experiment studied the effects of a synbiotic (PoultryStar ME) 
containing 4 live strains isolated from adult chickens (Lactobacillus 
reuteri DSM16350, Enterococcus faecium DSM16211, Bifidobacterium 
animalis DSM16284, and Pediococcus acidilactici DSM16210) with 
prebiotic (fructooligosaccharide) on layer production and local immune 
parameters following an experimental Salmonella infection . The synbi-
otic was added to the feed at a rate of 1 g/kg from day-of-hatch until 3 wk 
of age, reduced to 0.5 g/kg until the end of wk 23, and increased back to 
1 g/kg inclusion until the end of the project at wk 28. At 24 wk of age, 

birds were challenged with 250 µL of 109 cfu of Salmonella enterica 
Enteritidis. Birds were killed and samples were collected on d −5, 3, 
8, 10, 17, 22, 24, and 30 post-infection . Supplementation of synbiotic 
decreased (P < 0.05) age of bird at first egg as well as increased (P < 
0.05) weekly and total egg counts. Synbiotic increased (P < 0 .05) bile 
Salmonella-specific IgA concentrations over the control at 10 and 22 d 
post-challenge, increased (P < 0 .05) cecal tonsil IL10 mRNA expression 
nearly 8-fold at 3 d post-challenge, and decreased (P < 0 .05) cecal tonsil 
TNFα mRNA expression at 8 and 22 d post-challenge 4- and 8-fold 
respectively . Synbiotic also increased (P < 0 .05) average relative percent 
of Pediococcus acidilactici in the ceca post challenge, although it did not 
alter (P > 0 .05) BW or plasma Salmonella-specific IgA concentrations. 
We concluded that supplementing synbiotic to layer diets can improve 
egg production parameters, increase Salmonella-specific IgA concentra-
tions, and alter local cytokine profile pre and post Salmonella infection .

Key Words: probiotic, immunity, Salmonella, gut health, egg 
production

36   Evaluation of an encapsulated sodium butyrate on broiler 
performance following challenge with a nalidixic acid-resistant 
Salmonella Typhimurium. Jundi D . Liu*1, Douglas E . Cosby2, 
Nelson A . Cox2, and Justin Fowler1, 1University of Georgia, Athens, 
GA, 2US National Poultry Research Center, USDA-ARS, Athens, GA.

A study was designed to evaluate 3 different encapsulations of sodium 
butyrate (CMA, CMP, and CMS; King Techina Group) on broiler growth 
performance and intestinal morphology following challenge with a 
nalidixic acid resistant Salmonella Typhimurium (STNAR) . A total of 384 
Cobb-Cobb male birds were placed 8 birds per pen into 6 replicates for 
each of the 8 treatments. Treatments were arranged as a 2 × 3 factorial 
(500 and 1000 ppm of each product) plus 2 control treatments (non-
challenged and challenged control). Birds were orally gavaged with 
0 .1 mL of a 107 cfu/mL STNAR at d 4. Ceca were collected from 5 birds 
per pen on d 11 and analyzed for colonization of STNAR. Body weight 
and feed intake were recorded on d 4 and 11. On d 11, tissue samples 
were collected for quantifying ileal histology. Data were analyzed as a 
2 × 3 factorial arrangement, with the effect of the Salmonella challenge 
evaluated via ANOVA using GLM procedures of SPSS . On d 4, there 
was a significant main effect (P ≤ 0.05) for BW, with the CMP product 
having the highest value. BW, FCR and Productivity Index showed 
no significant differences between treatments after the Salmonella 
challenge . Results from the Salmonella recovery data indicate that the 
challenge had a significant (P ≤ 0.05) but mild effect because it did not 
affect the performance variables but did result in a significant (P ≤ 0.05) 
increase in log cfu between challenged and unchallenged treatments 
(3.72 vs 1.42). However, there were no effects between treatments in the 
birds who had been challenged. Both CMA at 500 ppm and CMP at 1000 
ppm showed higher villus height (P ≤ 0.05) than the challenged control. 
Although this study demonstrates that sodium butyrate has an effect on 
BW for broilers at an early age, there was no difference between the 
3 coating techniques following the challenge with STNAR. There were 
improvements to intestinal morphology during this time, indicating that 
sodium butyrate positively influences intestinal absorptive surface area.

Key Words: sodium butyrate, gut health, Salmonella, broiler
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37   Effects of antibiotic alternatives and Eimeria challenge on 
growth and carcass yields of male broilers. Xi Wang*, E . David 
Peebles, Aaron S . Kiess, Kelley G . S . Wamsley, and Wei Zhai, 
Department of Poultry Science, Mississippi State University, Missis-
sippi State, MS.

Effects of antibiotic (bacitracin), anticoccidial (narasin), and antibiotic 
alternative (Bacillus subtilis and zinc) feed additives provided from D0 to 
54 on the growth performance and carcass yields of commercial broilers 
with or without an Eimeria-challenge were determined. A total of 1,344 
one-day-old male Ross × Ross 708 broilers were administered a coc-
cidiosis vaccine and then were randomly distributed into 12 treatments 
(8 replication pens/treatment and 14 chicks/pen). The 12 treatments 
were assigned in a 6 (dietary treatment) × 2 (Eimeria-challenged or not) 
factorial arrangement. The 6 dietary treatments were: a control diet (corn 
and soybean-meal basal diet), a probiotic diet (basal diet + 1011 cfu of 
Bacillus subtilis/ton of feed), a zinc diet (basal diet + 100 ppm zinc), 
a probiotic and zinc combined diet (basal diet supplemented with both 
probiotics and zinc), an anticoccidial diet (basal diet + 54 g of narasin/
ton of feed), and a practical diet (basal diet + 54 g of narasin and 50 g 
of bacitracin/ton of feed). At d 21, each chick in the Eimeria-challenged 
groups was gavaged with a 10× dose of a commercial vaccine contain-
ing live Eimeria oocytes. Two-way ANOVA was used to test the main 
and interactive effects of dietary and Eimeria challenge treatments . An 
Eimeria challenge increased D15 to 28 and D29 to 40 feed conversion 
ratio and overall mortality (P = 0 .041, 0 .034, and 0 .007 respectively) . 
As compared with the other diets, the anticoccidial and practical diets 
decreased feed conversion ratio and increased BW gain and feed intake 
from d 15 to 28 (all P < 0 .001) . These diets also increased carcass, breast, 
and drumstick weights at d 40, and decreased overall mortality (P = 
0.001, 0.002, 0.006, and 0.050, respectively). Compared with control 
diets, the probiotics diets lowered BW gain from d 15 to 28 (0.026 
respectively). Growth performance from d 41 to 54 and carcass yield 
on d 54 were not affected by any of the dietary additives. The addition 
of narasin in the diets benefited early growth and decreased mortality. 
However, the effects of the dietary additives on growth diminished 
during the latter phase of grow-out.

Key Words: bacitracin, broiler, Bacillus subtilis, narasin, zinc

38   Response of broilers to refined functional carbohydrates 
(RFC) dosage and early coccidiostat withdrawal. Coltin T . 
Caraway*1, Satid Auttawong1, Sangita Jalukar2, and John T . Brake1, 
1Prestage Department of Poultry Science, North Carolina State Uni-
versity, Raleigh, NC, 2Arm and Hammer Animal Nutrition, Princeton, 
NJ.

The dose response of male broilers to refined functional carbohydrates 
(RFC; Aviator SCP, Arm and Hammer Animal Nutrition, Princeton, NJ) 
in diets with or without salinomycin was evaluated in a 2 × 4 factorial 
arrangement where 48 pens were used with 6 replicates per interaction. 
Broilers were subjected to 1 of 4 dosimetry schemes. Schemes for addi-
tion of RFC per ton were as follows in the starter, grower, and finisher 
diets, respectively: (1) 50 g, 50 g, 50 g; (2) 50 g, 100 g, 200 g; (3) 100 g, 
100 g, 100 g, and (4) 200 g, 100 g, 50 g . All diets included salinomycin 
for the first 16 d, at which point salinomycin was removed from the 
diets of half of the experimental pens, thus creating the factorial . Body 
weight and feed consumption were determined at 16, 28, 35, and 49 d 
of age and feed conversion ratio (FCR) calculated. Data were analyzed 
using PROC GLM of SAS 9.4 with P ≤ 0.05 being accepted as statisti-
cally significant. For 0–16 d, FCR of broilers in scheme 1 (1.38 g:g) 

was improved (P ≤ 0.05) compared with schemes 3 and 4 (1.42 and 
1.44 g:g, respectively) with scheme 2 intermediate (1.41 g:g). Scheme 
1 also increased BW (2,387 g; P ≤ 0.01) at 35 d compared with schemes 
3 and 4 (2,287 and 2,304 g), with scheme 2 (2,331 g) intermediate. 
The 35 d BW results were independent of salinomycin withdrawal 
and remained numerically apparent to 49 d . As expected, salinomycin 
withdrawal after 16 d resulted in poorer FCR (P ≤ 0.01) from 16 to 28 
d (1 .59 vs . 1 .53 g:g), 29–35 d (1 .84 vs . 1 .77 g:g), and cumulatively to 
49 d (1.80 vs 1.76 g:g). Worsened FCR due to salinomycin withdrawal 
resulted in an increased (P ≤ 0.05) feed intake throughout the study, thus 
resulting in similar BW. The effects of salinomycin withdrawal on FCR 
were observed across all RFCs schemes with the exception of scheme 1 
from 16 to 28 d, where FCR was not negatively affected. Results from 
this study indicated that an excessive dosage of RFCs to young broilers 
might not be beneficial, particularly in the starter diet, where amounts 
greater than 50 g may result in a negative FCR response .

Key Words: refined functional carbohydrates, broiler, coccidiostat, 
salinomycin

39   Effect of corn distillers solubles oil on broiler chicken skin 
pigmentation and plasma carotenoid content. Marta Viguie*, Kim-
berly A . Livingston, Ramon Malheiros, and Peter R . Ferket, North 
Carolina State University, Raleigh, NC.

Corn distillers solubles oil (CDSO) is a co-product of the corn etha-
nol distillation process and may have value as a carotenoid source to 
enhance pigmentation of broiler skin besides its dietary energy value . 
The objective of this study was to examine the bioavailability of CDSO 
both by skin pigmentation and by the concentration of carotenoids in 
blood plasma. A trial was performed using broiler chicks from 1 to 28 
d. Basal diets were formulated using white corn and soybean meal to 
minimize dietary carotenoids, diets were supplemented with 0, 25, 50, 
75, and 100% CDSO added in place of 4% soybean oil. To serve as 
positive controls, Yellow Pixafil Liquid-LZ (Alcosa Biotec, S.A., Apaseo 
El Grande, Mexico) or Oro Glo 15 Liquid (Kemin, Des Moines, IA) 
supplied the same level of total carotenoids as the 100% CDSO diet. 
Ross 344×708 chicks were randomly assigned among 7 replicates/treat-
ment (10 chicks/replicate) with ad libitum access to feed and water in 
Alternative Design cages. Feed intake and body weight were recorded 
weekly. Foot-shank color values (a*, b*, and L) were evaluated using 
a Minolta colorimeter at 14, 21, and 28 d of age . At 28 d of age blood 
samples were taken, blood was spun down and the plasma was extracted. 
Carotenoid levels in plasma were determined using spectrophotometry 
utilizing the iCheck (DSM Nutritional Products). Data were analyzed 
as a one-way ANOVA using JMP (SAS Institute, Cary, NC). No dif-
ferences were observed in body weight, feed intake, feed conversion 
ratio, or mortality among any of the treatments. Shank yellowness (b*) 
increased linearly as dietary CDSO level increased (P < 0 .001), and 
100% CDSO resulted in similar pigmentation as the commercial prod-
ucts (P > 0 .05) . Plasma carotenoid concentration increased linearly as 
dietary CDSO increased (P < 0.01) and the 100% CDSO treatment was 
not different from that of either of the positive controls (P < 0 .05) . In 
conclusion, CDSO inclusion increased shank pigmentation and plasma 
carotenoid levels linearly. In addition, 100% CDSO results in similar 
shank pigmentation and plasma carotenoids as commercially available 
products up to 28 d of age .

Key Words: corn distillers solubles oil, carotenoids, skin pigmenta-
tion, broiler



Poult. Sci. 95(E-Suppl. 1)14

40   Effect of a Bacillus-based direct fed microbial on broiler 
growth performance in low and high DDGS diets. Cody A . 
Flores*1, Hunter G . Walters1, Nathan Augspurger2, and Jason T . Lee1, 
1Department of Poultry Science, Texas A&M AgriLife Research, Col-
lege Station, TX, 2JBS United Inc., Sheridan, IN.

This experiment evaluated the effect of a Bacillus-based direct-fed 
microbial (DFM) on broiler growth performance in low and high dried 
distillers grains with solubles (DDGS) diets. Four dietary treatments 
were fed in a randomized complete block 2 × 2 factorial design with 
10 replications/treatment. Each pen consisted of 42 Cobb 500 males, 
totaling 1,680 broilers for a 42-d evaluation period . Non-medicated 
control diets comprised a standard corn/soy diet and were manufactured 
at the low level of DDGS (5%, starter; 7.50%, grower; 10%, finisher) 
and the high level of DDGS (10%, starter; 15%, grower; 20%, finisher) 
and were fed individually or supplemented with a Bacillus-based DFM 
delivering 7.35 × 107 cfu/kg. Three diet phases were fed throughout the 
trial: starter (d 0–14, crumble), grower (d 15–28, pellet), and finisher (d 
29–42, pellet). Body weight (BW) and feed consumption measurements 
were taken at the conclusion of each phase and were used to calculate 
body weight gain (BWG), feed intake (FI), and feed conversion ratio 
(FCR). All birds were spray vaccinated with a commercially available 
coccidiosis vaccine in a commercial spray cabinet and allowed to preen 
1 h before randomization and placement. No significant differences in 
BW or BWG were observed between the low or high levels of DDGS 
or with DFM supplementation. When evaluating feed intake (g/bird/d), 
a DDGS main effect was observed cumulatively through d 42 with 
the high level of DDGS yielding a higher intake than the low level of 
DDGS. A DDGS main effect was also observed during finisher phase 
FCR as well as cumulative FCR through d 42 with the high level of 
DDGS producing increased FCR values compared with the low level 
of DDGS. A DFM main effect was observed for starter phase FCR as 
well as d 0–28 and d 0–42 FCR. A significant interaction was observed 
for cumulative FCR through d 28. One-way analysis indicated that the 
non-medicated control with high level of DDGS significantly increased 
FCR compared with all other treatments. In conclusion, the high level 
of DDGS negatively affected broiler performance by increasing FCR . 
Also, the inclusion of the Bacillus-based DFM decreased FCR compared 
with the non-medicated control.

Key Words: droiler, DDGS, direct-fed microbial, performance

41   Withdrawn

42   The changes of short-chain fatty acids and cecal bacteria 
in response to a lignocellulose supplementation in wheat or corn 
based diet. Sarbast Khidher Kheravii*, Robert A. Swick, Mingan 
Choct, and Shu-Biao Wu, University of New England, Armidale, 
NSW, Australia.

This study evaluated the response of broiler cecal bacteria to a ligno-
cellulose-rich fiber (OptiCell) in wheat or corn based diet. A total 912 
day-old male Ross 308 chicks were allocated to 48 floor pens. Birds 
were randomly allocated to 8 treatments with 6 replicate pens each with 
19 birds. The experimental employed a 2 × 2 × 2 factorial arrangement 
of treatments. Factors were grain basal diet (wheat or corn), OptiCell 
(10 kg/Mt) with or without, and Zn-bacitracin (Albac 150) with or with-
out. On d 24, the cecal contents were collected from 2 birds to analyze 
short-chain fatty acids (SCFA) and bacteria (Bifidobacterium spp ., Lac-
tobacillus spp ., Campylobacter spp ., Clostridium spp ., Salmonella spp ., 
Enterobacteriaceae, and total anaerobic bacteria). The results showed 
that birds fed wheat-based diets had higher amount of acetic acid and 

butyric acid compared with those fed corn diets. The concentration of 
isobutyric and isovaleric acids in cecal content of birds fed corn were 
higher than those fed wheat-based diets. The supplementation of diets 
with OptiCell significantly increased the concentration of lactic acid. 
A grain × OptiCell interaction was detected for butyric acid. Birds fed 
wheat-based diet supplemented with OptiCell had higher concentra-
tions of butyric acid compared with birds fed corn-based diet. The 
Zn-bacitracin had no effect on SCFA . Cecal formic, propionic, valeric, 
and succinic acids were not affected by OptiCell or grain type. Birds 
fed corn-based diets had increased counts of bifidobacteria, lactobacilli, 
clostridia, and total anaerobic bacteria and reduced counts of Campy-
lobacters and Salmonella compared with those fed wheat-based diets. 
OptiCell had no effect on the quantity of cecal bacteria. However, there 
was an interaction between OptiCell and grain type on Bifidobacterium . 
Birds fed corn diets containing OptiCell had numerically increased 
the number of bifidobacteria. Birds fed wheat-based diets containing 
OptiCell had lower numbers of bifidobacteria. This study suggests that 
dietary OptiCell would be beneficial to birds by increasing the concen-
tration of cecal lactic and butyric acids .

Key Words: cecal bacteria, short-chain fatty acids, OptiCell, 
lignocellulose

43   Effect of GalliPro supplementation on performance and 
jejunum morphology of broiler challenged with heat stress. 
Matheus de P . Reis*1, Elizabeth Pritchett2, Sara Jastrebski2, Antonio 
G . Bertechini1, Paulo B . Rodrigues1, and Carl J . Schmidt2, 1Universi-
dade Federal de Lavras, Lavras, MG, Brazil, 2University of Dela-
ware, Newark, DE.

Heat stress (HS) reduces poultry performance, affects their overall 
welfare and reduces profitability. Furthermore, chronic HS could also 
modify the intestinal epithelium morphology, altering villus height (VH) 
and crypt depth (CD) changing the stability of intestine surface absorp-
tion . GalliPro is a probiotic used successfully in commercial poultry 
production globally and a modification on intestine morphology health 
status may occur, with GalliPro supplementation, which could reduce 
the effects of the HS on poultry yield. One trial was conducted to evalu-
ate the effect of supplementation of GalliPro (Bacillus subtilis strain 
DSM 17299), to broiler chickens, heat stressed or not . Four hundred 
eighty male broiler chickens (Ross 708) were raised in 24 experimental 
units, assigned to 2 treatments (12 repetitions each), from d 1 to 21 
(with and without probiotic supplementation). At d 22, an additional 
factor was implemented (HS) until the end of the experiment on d 42. 
Eight experimental units were maintained without heat stress (4 rep-
etitions with and 4 repetitions without probiotic supplementation) and 
16 experimental units were set with heat stress (8 repetition with and 
8 repetition without probiotic supplementation), performing an unbal-
anced factorial design 2 × 2. Performance was collected weekly through 
measurement of average feed intake (AFI), average body gain (ABG), 
and feed conversion ratio (FCR). Jejunum segment were also collected 
to perform measurements of VH, CD, and VH:CP . An alteration on CD 
occurred on d 21 and CD and VH for d 42 (P < 0 .05), suggesting an 
increase on surface absorption for GalliPro-supplemented birds, which 
may be responsible for an improvement of FCR (P < 0 .05) observed at 
d 21 until the end of the experiment . Supplemented birds also had an 
improvement of the ABG measurement (P < 0 .05) at d 35 and 42 . The 
influence of probiotic supplementation on intestine surface of birds may 
lead to an improvement of performance and a reduction of production 
cost, also for broilers challenged with high temperature.

Key Words: probiotic, Bacillus subtilis, DSM 17299, microbiota, 
poultry
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44   Emulsifier additive improves energy utilization in broiler 
chickens. Levy Teixeira*1, Lislaine Batista1, Luiz Rombola2, Marc 
Rovers2, Arno Aa2, and Antonio Bertechiini1, 1Federal University 
of Lavras, Lavras, Minas Gerais, Brazil, 2Orffa, Werkendam, the 
Netherlands.

The objective of this study was to evaluate the effects of an emulsifier-
additive on nutrient digestibility and nitrogen-corrected apparent 
metabolizable energy (AMEn) in broilers receiving diets with different 
soybean oil levels in the starter (14–21 d) and finisher (35–42 d) phases. 
Two trials were conducted using mash corn/soybean/meat bone meal-
based diets with or without inclusion (350 g/ton) of emulsifier (Excential 
Energy Plus) and 5 levels of soybean oil (0, 1.5, 3.0, 4.5, 6.0%). A total 
of 600 male Cobb 500 in the starter and 360 male broilers in the finisher 
phase were allocated (metabolic cages) in a complete randomized design 
with 10 treatments and 6 reps each. Total excreta were collected from d 
19 to 21 and from d 40 to 42 to determine AMEn, apparent digestibility 
coefficients for dry matter (ADCDM) and crude protein (ADCCP). Data 
were analyzed using ANOVA (PROC GLM/SAS) and CONTRAST test 
among treatments. In the starter phase, there were no effects (P > 0 .05) 
for ADCCP and ADCDM. AMEn was improved (P < 0 .05) by 59, 67 
and 71 kcal/kg when emulsifier was used in the treatments with 3.0, 4.5, 
and 6.0% of soybean oil. In the finisher phase, there was no effect (P > 
0.05) for ADCCP. However, emulsifier increased (P < 0 .05) ADCDM 
in the treatments with 3.0 and 6.0% of oil (76.48 vs 74.33; 76.47 vs 
73.61). The AMEn was improved (P < 0.05) by 86, 76 and 92 kcal/
kg when emulsifier was used in the treatments with 3.0, 4.5, and 6.0% 
of soybean oil. In conclusion, Excential Energy Plus can significantly 
improve AMEn when higher levels of oil are used in the diets.

Key Words: feed additive, broiler, nutrient digestibility, AMEn, oil 
level

45   Effect of in-feed supplementation of phytochemicals on the 
response of hepatic transcriptome to aflatoxin in broilers. Hsinbai 
Yin*1, Indu Upadhyaya1, Chihung Chen1, Abhinav Upadhyay2, Jill 
Wegrzyn1, Michael J . Darre1, Dan J . Donoghue2, Annie M . Dono-
ghue3, and Kumar Venkitanarayanan1, 1University of Connecticut, 
Storrs, CT, 2University of Arkansas, Fayetteville, AR, 3University of 
Arkansas, USDA-ARS, Fayetteville, AR.

Aflatoxins (AF) are hepatotoxic metabolites produced by Aspergillus 
flavus and Aspergillus parasiticus, which frequently contaminate a 
variety of chicken feed ingredients. Contamination of poultry feed with 
AF is a major concern to the poultry industry, because aflatoxicosis in 
chickens results in significant economic losses due to decreased chicken 
performance and increased mortality . Our previous research revealed that 
in-feed supplementation of 2 GRAS (generally recognized as safe)-status 
phytochemicals, namely carvacrol (CR) and trans-cinnamaldehyde (TC), 
significantly reduced aflatoxicosis in broiler chickens and decreased 
AF-induced toxic effect to chicken liver. In this study, we investigated 
the effect of in-feed supplementation of CR and TC on the response of 
hepatic transcriptome to AF in broiler chickens. Chicken livers were 
collected from birds fed with AF contaminated feed (~2.5 ppm) with 
or without supplementation of 0.75% CR or TC for 3 wk. Whole-
transcriptome profile of liver samples from control and treated chickens 
were analyzed using RNA-seq on Illumina NextSeq 500 platform. 
Briefly, total RNA was extracted from chicken liver (5 liver samples/ 
group). RNA-seq libraries were created and run on 4 flow cell lanes to 
produce over 481M reads totaling ~37 Gb of sequence. Approximately 
29,181 predicted transcripts were de novo assembled, of which 156 
genes had significant differential expression in at least one pair-wise 
comparison between control and treatment groups. Results revealed that 
numerous genes associated with the metabolism of lipid and protein 
were significantly downregulated by AF diet compared with control; 
however, supplementation of CR and TC modulated the expression of 
these genes. Genes identified through transcriptome analysis provide 
candidates for further study of aflatoxicosis in chickens and elucidate 
the potential protective mechanisms to liver mediated by CR and TC 
from aflatoxicosis in chickens. 

Key Words: aflatoxin, transcriptome, phytochemical, chicken
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46   An in vitro technique for measuring the digestion kinetics 
of dietary proteins fed to poultry. Dervan D. S. L. Bryan*, Dawn A. 
Abbott, and Henry L . Classen, University of Saskatchewan, Saska-
toon, SK, Canada.

Obtaining digestion kinetics data for CP ingredients before diet for-
mulation is difficult. An in vitro technique is proposed for measuring 
the digestion kinetics of protein sources fed to poultry using a 30-min 
gastric and 4-h intestinal phase to mimic digestion in chickens . Protein 
sources (500 mg of CP = % N × 6.25) were digested with 0.05 mg 
of guar gum, 8 .5 mL of 0 .1 N HCl, and 1 .5 mL of pepsin in 50-mL 
polyethylene centrifuge tubes for 30 min in a shaking water bath (150 
strokes/min; 30-mm stroke length) at 41°C. After the gastric phase, all 
tube pH were adjusted to 7 ± 0.5 with 500 µL of 4.9 N NaOH, 9 .5 mL 
of sodium acetate buffer (pH 12.5), followed by the addition of 6.5 mL 
of pancreatin. Three glass marbles were placed in each tube and all 
tubes were incubated in the water bath for 4 h. At 0, 15, 30, 45, 60, 90, 
120, 150, 180, and 240 min during the intestinal phase, 0.5-mL aliquots 
were collected. Digestion (DIG) was measured calorimetrically via a 
ninhydrin assay where aliquots were diluted (1:820) with 10 mL of 0.1 
N HCl followed by 10 mL of sodium acetate buffer pH 6.5 and H2O . 
Samples were mixed with ninhydrin reagent (2:1) at 100°C ± 2 for 15 
min and absorbance read at 568 nm on a spectrophotometer after 10 
min of cooling. Each meal CP DIG was calculated over time as meal 
aliquots absorbance expressed as a percentage of total absorbance of 
meal after 24-h digestion in 6 N HCl at 110°C. To validate the assay, 5 
replications per run of soybean (SBM), corn gluten (CGM), and corn 
distillers dried grains with solubles (CDDGS) meals were digested in 
2 runs. Data were modeled with PROC NLIN procedure and inter and 
intra coefficient of variation (CV) assessed with PROC MEANS of SAS 
9.4. The DIG values at 150 min were SBM 87 ± 4%, CGM 63 ± 10%, 
and CDDGS 60 ± 4%. Intra-assay CV for SBM, CGM and CDDGS 
were 3 to 4, 3 to 4, and 2 to 4%, respectively, whereas the inter-assay 
CV values were 5, 15, and 4%, respectively. The respective estimated 
digestion rates for SBM, CGM and CDDGS were 0.58, 0.42, and 0.40 
(%/min). In conclusion, the proposed in vitro technique determined the 
rate and extent of digestion for the meals while achieving low intra- and 
inter-assay variability .

Key Words: in vitro, digestion kinetics, soybean meal, corn gluten 
meal, corn distillers grains

47   Effects of modifying diet and feed manufacture concern 
areas that are notorious for decreasing pellet quality. Tyler R . 
Rigby*, Brian G . Glover, Kolby L . Foltz, and Joseph S . Moritz, West 
Virginia University, Morgantown, WV.

The production of high quality pellets has often been described as more 
art than science due to the multitude of variables that affect pellet quality. 
Variables may interact with one another to exacerbate negative effects 
on the pelleting process. The objectives of the current study were to 
examine the feed manufacture and pellet quality effects of 4 different 
feed milling concern areas utilizing semi-wet corn (>15% moisture) 
in all formulations. Each area of concern was evaluated using either a 
condition of high concern or a corresponding condition of low concern. 
Treatments included high or low mixer added fat (2.5 vs. 0.5%), high 
or low distillers dried grains with solubles (DDGS; 8 vs. 2%), high 
or low dicalcium phosphate (1.63 vs. 0.31%), and high or low steam 
conditioning temperature (82 vs. 74°C). All diets were formulated to 

similar broiler starter requirements based on commercial nutrient values. 
A randomized complete block design using a 4 × 2 factorial arrange-
ment was implemented with 3 replications per treatment and 136-kg 
allotments of feed as the experimental unit. Contrasts were performed 
to better understand main effect interactions. Semi-wet corn was ana-
lyzed to contain 16.6% moisture. Area of concern and level of concern 
interacted to effect pellet durability, percent pellets, and particle size (P 
< 0.05). High mixer added fat and low dicalcium phosphate decreased 
pellet durability, percent pellets, and feed particle size (P < 0 .05) . Condi-
tions of high concern for DDGS and steam conditioning did not produce 
similar negative effects (P > 0 .05) . Pellet production rate, conditioner 
electrical energy usage, and pellet mill electrical energy usage were not 
affected by treatments (P > 0.05), likely due to semi-wet corn inhibit-
ing opportunities for treatments to improve lubrication at the mash die 
interface. A greater appreciation of variable interactive effects benefits 
pellet mill operators, nutritionists, and pelleting aid vendors to better 
circumvent hurdles encountered during the pelleting process .

Key Words: pellets, fat, DDGS, dicalcium phosphate, steam 
conditioning

48   Maternally derived anti-fibroblast growth factor 23 anti-
body as new tool to reduce phosphorus requirement of chicks. 
Zhouzheng Ren*, Daniel E . Bütz, Jordan M . Sand, and Mark E . 
Cook, Department of Animal Sciences, University of Wisconsin-
Madison, Madison, WI.

Novel means to reduce phosphate input into poultry feeds and increase 
its retention would preserve natural reserves and reduce the environ-
mental effect of poultry production. Here, we show that a maternally 
derived antibody to a fibroblast growth factor-23 (FGF-23) peptide 
(GMNPPPYS) alleviated phosphorus deficiency in chicks fed low 
non-phytate phosphorus (nPP, 0.13 and 0.20%) diets. White Leghorn 
laying hens were vaccinated with either an adjuvant control or the 
synthetic FGF-23 peptide, and chicks with control or anti-FGF-23 
maternal antibodies were fed a diet containing either 0.13 or 0.45% 
nPP (experiment 1), and 0.20 or 0.45% nPP (experiment 2) for14 d. In 
both experiments, independent of maternal FGF-23 antibody, decreas-
ing nPP from 0.45 to 0.13 or 0.2% decreased (P < 0.05) body weight 
(>15%), feed efficiency (>20%), tibia ash (>12%), excreta phosphorus 
(>22%), plasma phosphorus (>28%) and plasma FGF-23 (>17%). In 
experiment 1, chicks with maternal anti-FGF-23 antibody had increased 
bone ash (10.5%), and decreased excreta phosphate (7.4%) compared 
with chicks with control antibody (main effects, P < 0 .05) . In addition, 
mortality, posture scores and bone lesion scores were decreased and 
plasma phosphate increased (2 fold) in anti-FGF-23 chicks fed 0.13% 
nPP, compared with those with control antibody on the same diet (P < 
0.05). In experiment 2, chicks with maternal anti-FGF-23 antibody had 
decreased excreta phosphate (4.4%, P = 0 .064) and increased plasma 
phosphate (13.7%) and plasma 1,25 (OH)2D3 (20.4%) compared with 
chicks with control antibody (main effects, P < 0 .05) . In addition, body 
weight (24.7%) and feed efficiency (46.2%) was increased in chicks 
with maternal anti-FGF-23 fed 0.20% nPP, compared with those with 
control antibody on the same diet (P < 0 .001) . In conclusion, maternally 
derived anti-FGF-23 antibody reduced signs of phosphorus deficiency 
in chicks fed diets containing either 0.13 or 0.20% nPP, probably by 
way of increased phosphorus retention.

Key Words: FGF-23, antibody, phosphorus, requirement, chick
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49   Split feeding as an alternative system to improve shell qual-
ity of aged hens. Anikó Molnár*1,2, Luc Maertens1, Johan Buyse3, 
Johan Zoons2, and Evelyne Delezie1, 1Institute for Agricultural and 
Fisheries Research, Melle, Belgium, 2Experimental Poultry Center, 
Geel, Belgium, 3KU Leuven, Leuven, Belgium.

In this experiment, we investigated the effect of 5 split feeding treat-
ments on performance and egg quality of individually housed layers 
(75–90 wk, Dekalb White, n = 12/treatment). The control treatment 
(T1) received the same feed in the morning (M) and in the afternoon 
(A), which contained fine (F) and coarse limestone (CLS) at ratio 50:50. 
For the split treatments, the ratio of FLS and CLS was 50:50 or 30:70 
and time of administration (M/A) differed. The following treatments 
were given: T2 = 50CM:50FA, T3 = 30FA:70CA, T4 = 50FM:50CA, 
T5 = 30FM:20FA+50CA, and T6 = 30FM:70CA. Data were analyzed 
with a linear mixed effects model in R 3.1. Due to an unexpectedly low 
feed intake and laying percentage, T1 could not be compared with the 
split treatments and was excluded from the analysis. Results indicated 
that time of feeding FLS and CLS affect production and shell quality. 
When only FLS was fed in the afternoon (T2) shell formation had to 
be supported by bone reserves during the night which resulted in low 
shell thickness (ST) . Although ST decreased in all treatments from 
403.2 to 390.2 µm between 76 and 90 wk of age (P = 0 .016), highest 
ST was obtained in T4 (408.0 µm) and T5 (401.7 µm), whereas ST of 
T2 (388.2 µm) and T3 (394.3 µm) was the lowest (P = 0 .058) . When all 
LS was fed in the afternoon (T3), egg weight (EW) increased and ST 
decreased. At 88 wk of age, eggs weighed 60.4 g in T2, whereas EW 
was 66.3 g in T3 and 67.3 g in T6 at 88 wk (P ≤ 0.05). Providing FLS in 
the morning and CLS in the afternoon in ratios of 50:50 (T4), 30:20+50 
(T5), or 30:70 (T6), however, resulted not only in favorable shell qual-
ity but also performance: laying percentage of hens in T4 (89.6%) and 
T5 (92.9%) was higher than in T2 (66.1%) at 89 to 90 wk of age (P ≤ 
0.05). Laying percentage of T3 (71.7%) was lower than that of T5, and 
T6 (86.8%) did not differ from the other treatments. Feed conversion 
ratio (FCR) in T2 was higher than in T5, T3, and T6 at 87–88 wk (P ≤ 
0.05). At 89–90 wk, FCR of T3 increased, and T2 and T3 had a higher 
FCR compared with T4, T5 and T6. Therefore, T4, T5, and T6 can be 
considered for further research to study whether this feeding system 
could also be applied under field conditions.

Key Words: split feeding, egg quality, limestone, aged layer, 
performance

50   Evaluation of the lysine requirement of 7- to 28-day-old 
Bobwhite quail. Ariel N . Bergeron*, Jose W . Charal, and Theresia A . 
Lavergne, LSU Agricultural Center, Baton Rouge, LA.

Two trials were conducted to evaluate the lysine requirement of 7- to 
28-d-old Bobwhite quail. A total of 360 Bobwhite quail were used. In 
each trial, 180 quail were allotted and placed on 1 of 5 treatment diets 
with 6 replications of 6 quail per replicate on d 7 of age. The treatment 
diets were formulated to contain 1.33, 1.53, 1.73, 1.93, or 2.13% total 
lysine . All diets contained the same amounts of corn and soybean meal, 
and various amounts of Biolys (54.6% l-lysine) were substituted for 
isonitrogenous amounts of l-glutamic acid. Diets were formulated to 
contain 2,900 kcal/kg ME and 4.36% N. Feed and water were provided 
ad libitum. Each trial was conducted for 21 d. Quail were weighed at 
initiation of the experiment (d 7 of age), at d 14 of age, at d 21 of age, 
and at the termination of the experiment (d 28 of age) to determine 
body weight (BW), average daily gain (ADG), average daily feed 
intake (ADFI), and feed efficiency (GF). In both trials, there were no 
differences (P > 0.05) in BW, ADG, ADFI, or GF for quail fed any of 
the lysine levels. In the first trial, average BW, ADG, ADFI, and GF 

were 73.97 g, 2.73 g, 6.04 g, and 0.45, respectively. Average BW, ADG, 
ADFI, and GF were 59.28 g, 1.82 g, 5.92 g, and 0.32, respectively, in 
the second trial . The results of these trials indicate that the NRC (1994) 
recommended lysine requirement of 1.73% is adequate for 7- to 28-d-
old quail. Additional research is needed to determine the exact lysine 
requirement of 7- to 28-d-old Bobwhite quail.

Key Words: Bobwhite quail, lysine, average daily gain, average 
daily feed intake, feed efficiency

51   Effects of feed form, environment, and caloric density on 
energy partitioning and subsequent broiler performance. Brian 
G . Glover*, Kolby L . Foltz, Kenneth J . Ryan, and Joseph S . Moritz, 
West Virginia University, Morgantown, WV.

Benefits of improved pellet quality on broiler performance have been 
well documented. Feed prehensive energy savings acquired from an 
improved crumble/pellet percentage could affect dietary caloric require-
ments. The objective of the study was to assess the effect of variations 
of crumble/pellet percentages and dietary caloric density on broilers 
reared on clean shavings and built-up litter. All diets were batched, 
mixed, steam conditioned to approximately 80°C, extruded through a 
4- × 38-mm pellet die, and crumbled at the West Virginia University 
pilot feed mill. Bird density and feeder space access was 0.06 m2/bird 
and 1.2 cm/bird, respectfully. A split-plot design was used. Whole plot 
treatments of clean shavings or built-up litter were randomly assigned 
to a room (11 × 7.32 m). The design at the subplot level within room 
was a randomized block design with 8 blocks and a 2 × 2 factorial 
treatment structure . The subplot treatment structure consisted of either 
a standard (30% crumble/pellet) or improved feed form (80% crumble/
pellet), and either standard or increased (+110 kcal/kg) caloric density. 
Study replication allowed testing for the presence of room effect at the 
whole plot level. The main effects of improved feed form and increased 
caloric density significantly decreased feed conversion ratio (P < 0 .05) . 
Broilers consuming an improved feed form increased feed intake, live 
weight gain, hot breast weight, and visceral fat pad weight (P < 0 .05) . 
A feed form by caloric density 2-way interaction was observed for 
visceral fat pad weight and yield responses (P < 0 .05) demonstrating 
improved crumble/pellet percentage in combination with increased 
caloric density provided the most energy on average for storage in the 
form of adipose tissue . These data suggest that improvements in feed 
form may provide feed prehensive energy savings that could be parti-
tioned to other biological processes .

Key Words: feed form, pellet, broiler, caloric density, crumble

52   Diet induced thermogenesis in broilers: A precision feeding 
approach. Sasha A . S . van der Klein*, Chris A . Ouellette, and Martin 
J . Zuidhof, Department of Agricultural, Food and Nutritional Sci-
ence, University of Alberta, Edmonton, AB, Canada.

Understanding individual bird and diet effects on net energy available 
for productive processes is the next step in optimal feed formulation . The 
aim of this study was to gain insight into factors contributing to energy 
lost via heat . We estimated the effect of dietary metabolizable energy 
(ME) level and ME intake on ME requirements for maintenance (MEm) 
and residual feed intake (RFI) . We hypothesized that diets containing 
low or high ME would have different rates of associated diet induced 
thermogenesis (DIT), and that reduced feed intake would reduce heat 
loss, and thus result in a lower RFI. At hatch, 48 Ross 308 broilers were 
randomly allocated in 1 of 4 pens, all of which were equipped with a 
precision feeding station . Isonitrogenous diets varying in ME content 
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were fed at different levels using a precision feeding station. Pens were 
randomly assigned to a high ME (3,150 kcal/kg) or a low ME (2,900 
kcal/kg) diet. Birds were trained to use the station as a group from 0 to 
10 d of age. At d 10, birds received a radio frequency identification tag 
and were transitioned to individual feeding. At d 19, 2 birds per pen were 
assigned to ad libitum treatment and used as master birds . The other 
birds were randomly coupled to one of the 2 master birds per pen, and 
received daily 90, 80, 70, 60, or 50% of its master feed intake. MEm 
and growth were estimated by a non-linear mixed model explaining 
ME intake (MEI) as a function of metabolic BW and gain. The RFI was 
the random error term of the model. MEm were significantly different 
between birds fed the low and high ME diets (127 and 140 kcal/kg0 .57, 
respectively; P < 0.001). There was a linear relationship between MEm 
and MEI (P < 0.001). As feed intake increased, MEm was increased by 
0 .20 kcal0 .57/kcal consumed. Hence, 20% of additional ME consumed 
was lost as heat. The high ME diet increased MEm by 8.41 kcal/kg0 .57 . 
There was also a linear relationship between RFI and MEI (P < 0 .001) . 
For every kcal increase in MEI, RFI increased by 0 .09 kcal . The high 
ME diet increased RFI by 4.20 kcal. Thus, we conclude that lower 
dietary ME level and ME intake both reduced DIT and decreased RFI .

Key Words: precision feeding, energy, maintenance, residual feed 
intake, requirements

53   The rate and extent of starch digestion affects digestive 
tract morphology and ileal brake activation in broiler chick-
ens. Eugenia Herwig*, Rachel Savary, Karen Schwean-Lardner, 
and Henry L . Classen, University of Saskatchewan, Saskatoon, SK, 
Canada.

Slowly digested starch (SDS) positively affects broiler performance, 
but little is known of the mechanisms involved. It was hypothesized 
activation of the ileal brake by the presence of starch in the distal small 
intestine increases digesta retention time and nutrient digestibility. Two 
semi-purified starch sources with differing in vitro digestibility (wheat, 
rapidly digested starch, RDS; pea, SDS) were used in 6 diets with dif-
fering RDS/SDS ratios: 100/0, 80/20, 60/40, 40/60, 20/80 and 0/100. 
The diets were fed to male Ross 308 broilers housed in litter floor pens 
from 0 to 28 d. At 14 and 28 d, digestive tract (full and empty weights, 
length) and digesta pH measurements were recorded. Serum samples 
were taken at 28 d to measure chicken Peptide YY (PYY), as an indicator 
of ileal brake activation. Data were analyzed with regression analysis 
using SAS 9.4, with P < 0.05 considered significant. At 14 d, relative 
empty weights of the proventriculus, ileum and ceca increased linearly 
with SDS level, whereas jejunum weight changed quadratically with a 
maximum at 80% SDS birds. Besides the ileum, the relative contents of 
the gizzard, duodenum, jejunum and ceca increased linearly with SDS 
inclusion, while crop and ileal contents increased quadratically. At 28 d, 
the relative weight of the digestive tract segments increased with SDS 
level, except for the gizzard and duodenum, along with the crop, jejunum 
and ileum contents. Only the relative ileum length increased with SDS 
at 14 d, while the relative length of the small intestine increased with 
SDS at 28 d. Cecal pH decreased linearly with SDS level at 14 d, but 
not 28 d. Crop pH at 28 d showed a quadratic response to SDS level, 
with the lowest pH for the 60% SDS diet. There were no significant 
differences in PYY concentration . In conclusion, changes in digestive 
tract size and content suggest ileal brake activation in broiler chickens 
fed SDS, but this was not confirmed by serum PYY level.

Key Words: slowly digested starch, rapidly digested starch, digestive 
tract morphology, ileal brake, broilers

54   Starch digestibility and apparent metabolizable energy 
of western Canadian wheat market classes in broiler chickens. 
Namalika D . Karunaratne*, Pierre Hucl, Ravindra N . Chibbar, Curtis 
J. Pozniak, Dawn A. Abbott, and Henry L. Classen, University of 
Saskatchewan, Saskatoon, SK, Canada.

Wheat is the primary grain fed to poultry in western Canada, but 
its nutritional quality, including the nature of its starch digestibility, 
may be affected by wheat market class. The objectives of this study 
were to determine the rate and extent of starch digestibility of wheat 
market classes in broiler chickens, and to determine the relationship 
between starch digestibility and wheat AMEn . In vitro starch digestion 
was assessed using gastric and small intestinal phases mimicking the 
chicken digestive tract, while in vivo evaluation used 468 d-old male 
broiler chickens randomly assigned to dietary treatments (6 cages/
treatment, 6 birds/cage) from 0 to 21 d of age. The study evaluated 2 
wheat cultivars from each of 6 western Canadian wheat classes: Cana-
dian Prairie Spring (CPS), Canadian Western Amber Durum (CWAD), 
CW Hard White Spring (CWHWS), CW Red Spring (CWRS), CW 
Soft White Spring (CWSWS), and General Purpose (GP). Data were 
analyzed as a randomized complete block design and cultivars were 
nested within market class. Pearson correlation was used to determine 
correlations. Significance level was P ≤ 0.05. The starch digestibility 
range and wheat class rankings were: proximal jejunum: 23.7 to 50.6% 
(CWHWSc, CPSbc, CWSWSbc, CWRSab, GPa, CWADa); distal jejunum: 
63.5 to 76.4% (CWHWSc, CPSbc, CWSWSbc, CWRSab, GPa, CWADa); 
proximal ileum: 88.7 to 96.9% (CWSWSc, CPSbc, CWHWSbc, CWRSb, 
GPb, CWADa); distal ileum: 94.4 to 98.5% (CWSWSb, CWHWSb, 
CPSb, CWRSab, GPab, CWADa); excreta: 98.4 to 99.3% (CPSb, CWRSb, 
CWHWSb, CWSWSab, GPab, CWADa). Wheat class affected wheat 
AMEn with levels ranging from 3,203 to 3,411 kcal/kg at 90% DM 
(CWRSc, CWSWSc, CPSb, GPb, CWADa, CWHWSa). Significant, but 
low positive correlations were observed between in vitro and in vivo 
starch digestibility, but no correlations were found between AMEn and 
starch digestibility . In conclusion, rate and extent of starch digestibility 
and AMEn were affected by western Canadian wheat class, but starch 
digestibility did not predict AMEn .

Key Words: energy retention, slowly digestible starch, rapidly 
digestible starch

55   Profile of synthesized versus preformed n-3 fatty acids in 
chicken egg, liver and adipose tissue and the expression of genes 
associated with hepatic lipid metabolism. Neijat Mohamad*, Peter 
Eck, and James D . House, University of Manitoba, Winnipeg, MB, 
Canada.

Dietary sources of omega-3 polyunsaturated fatty acids (n-3 PUFA), 
including α-linolenic acid (ALA) and preformed long-chain PUFA 
(LCPUFA, primarily docosahexaenoic acid, DHA), differ in their egg 
LCPUFA enrichment efficiency. However, mechanisms leading to these 
differences are unclear . To this end, the amount and distribution of n-3 
PUFA in different lipid classes, including triacylglycerol (TAG) and total 
phospholipid (PL) in yolk, liver and adipose, as well as the expression 
of key hepatic enzymes in lipid metabolism were evaluated in laying 
hens in response to changes in dietary supply . Seventy Lohmann LSL-
classic hens (n = 10/treatment) consumed either a control diet containing 
0.03% total n-3 PUFA, or the control supplemented with 0.36, 0.77, and 
1.19 g/100 g feed of flaxseed oil or 1.00, 2.18, and 3.36 g/100 g feed of 
DHA-Gold from either flaxseed oil or DHA-Gold, as sources of ALA 
(precursor) or DHA (preformed), respectively; each corresponding 
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level supplying 0.20, 0.40, and 0.60% total n-3 PUFA. The study was 
arranged in a completely randomized design, and data were analyzed 
using the Proc Mixed procedure of SAS . ALA accumulated in a dose-
dependent manner (P < 0 .0001) in total and lipid classes of yolk, liver, 
and adipose (TAG only) for ALA- and DHA-fed hens. Unlike flaxseed 
oil, preformed DHA contributed to greater (P < 0 .0001) accumulation 
of LCPUFA in total PL and TAG pool of yolk, and adipose TAG . This 
may have been due to the elevated (P < 0 .0001) expression of fatty 
acid activation gene, acyl-CoA synthetase (ACSL1). There was no 
difference in the level of eicosapentaenoic acid (EPA) incorporated in 
the liver total lipids between the flaxseed oil or DHA-Gold treatments; 
EPAliver = 2 .1493x – 0 .0064; R2 = 0 .70, P < 0 .0001 (combined data) . 
The latter result may indicate that the levels of EPA in the liver could 
be involved in the regulation of LCPUFA metabolism in laying hens .

Key Words: egg yolk and tissues, fatty acid profile, flaxseed oil, 
DHA-Gold, gene expression

56   Dietary n-3 fatty acids did not attenuate performance 
during sustained inflammation on commercial broilers. Julianna 
Jespersen*1, Isa Ehr1, Cheryl Morris1, Brian Kerr2, Anna Johnson1, 
Nicholas Gabler1, and Elizabeth Bobeck1, 1Iowa State University, 
Ames, IA, 2USDA-ARS, Ames, IA.

Dietary n-3 fatty acids (omega-3) have been shown to attenuate inflam-
matory processes and improve health . Therefore, utilizing a lipopoly-
saccharide (LPS) challenge model, our objective was to assess the 
beneficial effects of dietary n-3 flaxseed and fish oils on broiler perfor-
mance. Commercial broilers were fed either (1) a basal control diet (no 
supplemented n-3); (2) basal diet + flaxseed oil (4% total n-3 consisting 
of α-linolenic acid); or 3) basal diet + fish oil (4% total n-3 consisting 
of eicosapentaenoic acid and docosahexaenoic acid) for a 4-wk (6–34 
d of age) enrichment period followed by a 8-d LPS challenge (3 × 2 
factorial). The LPS challenge was administered by injections of either 
LPS (Escherichia coli 0111:B4) or sterile saline administered 4 times in 
total (1 mg/kg BW every 48 h, with 20% increasing dosage from 35 to 
42 d of age). Treatments were assigned in a randomized complete block 
design with pen as the experimental unit (2 male Ross broilers/pen) with 
10 replicates. All broilers were offered feed and water ad libitum. Broiler 
body weight (BW) and feed intake (FI), feed conversion ratio (FCR), and 
average daily gain (ADG) over the 8 d LPS challenge was analyzed for 
the interaction (diet × LPS) or the main effects (diet and LPS). Means 
were then separated using Tukey’s test (P ≤ 0.05). Body weight was 
different at the start of the challenge (P < 0.01); therefore, it was used 
as a covariate. No interactions were observed (P > 0.05). There was no 
Diet effect on any measures (P ≥ 0.15). Saline broilers had heavier BW 
(P < 0 .01) and greater FI (P < 0 .01) than the LPS-challenged broilers . 

Additionally, ADG was reduced (P < 0 .01) in LPS challenged broilers, 
resulting in poorer FCR (P < 0.01) compared with the saline broilers. 
In conclusion, flax and fish oil did not attenuate LPS-induced changes 
in broiler performance. However, repeated challenges with LPS over 
an 8-d period reduced broiler growth and feed intake, and attenuated 
feed efficiency compared with the saline control broilers.

Key Words: broiler chicken, lipopolysaccharide, n-3 fatty acid, 
inflammation

57   Effect of fat application site and percentage fines on feed 
manufacturing characteristics, broiler live performance, and car-
cass parts yield. .Jeffrey T . Pope*, Adam C . Fahrenholz, and John T . 
Brake, Prestage Department of Poultry Science, North Carolina State 
University, Raleigh, NC.

The effects of 2 fat application sites and 2 percentage fines when fed from 
16 to 44 d of age on feed manufacturing, broiler live performance, and 
broiler carcass yield were studied. The effect of pellet quality entering a 
post-pellet liquid application (PPLA) system was also studied. Each bird 
was fed 908 g of a common crumbled broiler starter before transition-
ing onto one of 5 dietary treatments. The experiment was a randomized 
complete block 2 × 2 design with one additional treatment to study the 
effect of pellet quality entering a PPLA system. The fat application sites 
used were in the mixer (MAF) and PPLA. The percentage added fines 
used were 0 and 30%. Fines were initially separated by screening the 
pelleted feed. Thus, there were initially 4 treatments MAF-0, MAF-30, 
PPLA-0, and PPLA-30 . With the PPLA-30 treatment, 2 mixing methods 
were used to generate a fifth treatment. One PPLA-30 treatment had 
fat added to a mixture of pellets and fines and the fifth treatment had 
fat partitioned to the pellets and fines separately before recombining 
to make the complete diet. The dietary treatments were assigned to 40 
mixed-sex pens of 8 males plus 8 females resulting in 8 replicate pens 
per treatment. BW and feed consumption were determined at 14, 28, 
35, and 42 d of age and feed conversion ratio (FCR) was calculated on 
the respective days . At 44 d, 2 males and 2 females that represented the 
house average BW were selected from each pen for carcass yield and 
weights of gizzard and proventriculus. PPLA fines had significantly 
more energy and crude fat than PPLA pellets (P0 .05) . Females consum-
ing PPLA-30 diets were significantly heavier than females consuming 
MAF-30% diets (P0.05). We concluded that fat laden fines improved 
performance of the birds coming to the feeder after many of the pellets 
had been consumed .

Key Words: fat application site, pellet quality, percentage fines, feed 
manufacturing
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Student Competition: Microbiology and Food Safety I

58   The effects of varying short-term steam conditioning tem-
peratures on the mitigation of Enterococcus faecium 8459, a non-
pathogenic surrogate of Salmonella. John W . Boney* and Joseph S . 
Moritz, West Virginia University, Morgantown, WV.

Animal welfare, evolving regulatory programs, and consumer perception 
drive the continued need to provide safe feed to animals . Cereal grains 
and protein meals may be contaminated by microorganisms during har-
vest, processing techniques, transportation, and storage. The objective 
of the current study was to determine the effects of steam conditioning 
temperature (71, 82, and 88°C) on the viability of Enterococcus faecium 
8459, an appropriate nonpathogenic surrogate for Salmonella . Data 
were analyzed through a one-way ANOVA in a randomized complete 
block design. Treatments were replicated 3 times across 3 d of feed 
manufacture. A common, uninoculated diet was used to obtain desired 
conditioning temperature, after which 10 kg of inoculated feed was 
placed in the feed screw auger delivering feed to the conditioning barrel 
containing 21 picks and a shaft speed of 429 rpm . Here, inoculated feed 
was subject to saturated steam for ~10 s before extrusion through a 4 
× 45 mm die. Inoculated mash and subsequent cooled, pelleted feed 
samples were collected, flash frozen in liquid nitrogen, and stored at 
−80°C awaiting analysis. Relative reduction of E. faecium 8459 was 
analyzed using both culture-based and q-PCR techniques. A Nanodrop 
spectrophotometer was used to confirm nucleic acid presence before 
q-PCR. Culture-based methods decreased (P = 0 .012) E. faecium 8459 
colonies compared with inoculated mash, regardless of conditioning tem-
perature. Threshold count values for pelleted feed samples from q-PCR 
decreased (P = 0 .017) E. faecium 8459 compared with inoculated mash 
samples, regardless of conditioning temperature . Higher conditioning 
temperature increased pellet quality and hot pellet temperature as well as 
decreased pellet mill amperage (P < 0.05). Colony reduction was 96.2% 
for 71°C conditioning, and increased to 99.2% and 99.5% reduction for 
82 and 88°C conditioning, respectively. Within the parameters of this 
study utilizing E. faecium 8459, short-term steam conditioning displays 
the potential to mitigate Salmonella .

Key Words: mitigation, Salmonella, conditioning temperature, feed 
safety, q-PCR

59   Eugenol wash and chitosan-based coating reduces Campy-
lobacter jejuni counts on poultry products. Basanta R . Wagle*1, 
Annie M . Donoghue2, Komala Arsi1, Abhinav Upadhyay1, Sandip 
Shrestha1, Pam J . Blore1, Kumar Venkitanarayanan3, and Dan J . 
Donoghue1, 1University of Arkansas, Fayetteville, AR, 2Poultry Pro-
duction and Product Safety Research Unit, ARS-USDA, Fayetteville, 
AR, 3University of Connecticut, Storrs, CT.

Campylobacter, a leading cause of foodborne illness globally in humans, 
is strongly associated with the consumption of contaminated poultry 
products . Unfortunately, current strategies to reduce Campylobacter 
counts in poultry have had limited success . Our study investigated the 
efficacy of eugenol (EG), a generally recognized as safe compound 
derived from cloves, as an antimicrobial dip and coating to reduce 
Campylobacter in post-harvest poultry. In the first 2 trials, skin samples 
were inoculated with a mixture of 4 wild strains of Campylobacter 
jejuni (~106 cfu/sample) and allowed to adhere for 30 min. Inoculated 

skin samples were dipped in treatment solutions (0, 0.25, 0.5, 1 or 2% 
EG) for 1 min, drip dried for 2 min and then processed at 0, 8, and 24 
h (n = 5 samples/treatment/time point). For this and subsequent trials, 
Campylobacter counts were logarithmic transformed and data were 
analyzed by the PROC GLM procedure of SAS . In both skin trials, the 
1% and 2% EG doses reduced Campylobacter counts by 2 and 3 Log 
cfu/sample respectively across all time points. In follow-up trials, doses 
of EG with or without chitosan were evaluated on wingettes. Inoculated 
wingettes were randomly assigned to controls, EG (0.5, 1 or 2%), chi-
tosan (2% CH) or their combinations in 2 separate trials. Following 1 
min of coating with the given treatments, wingettes were air-dried for 
1 h and sampled at 0, 1, 3, 5, and 7 d for Campylobacter and aerobic 
counts (n = 5 wingettes/treatment per day). The 2% EG, 2% CH and 
the combination of either 0.5, 1, or 2% EG plus 2% CH significantly 
reduced both Campylobacter and aerobic counts from d 0 through d 
7. The 2% EG and 2% CH combination produced a greater reductions 
than 2% CH across all days (P < 0 .05) . These studies demonstrate the 
potential of EG as a post-harvest intervention against Campylobacter 
contamination .

Key Words: Campylobacter, eugenol, chitosan, antibacterial, post-
harvest poultry

60   Screening of lactic acid bacteria-based probiotics for in ovo 
application in poultry. Lucas E . Graham*1, Kyle D . Teague1, Jacob 
Lum2, Ross E . Wolfenden2, and Billy M . Hargis1, 1University of 
Arkansas, Fayetteville, AR, 2Pacific Vet Group-USA Inc., Fayetteville, 
AR.

Modern poultry production has separated the newly hatched chick 
from the hen and the complex microbiota that is maternally transmit-
ted. Chicks are now born into the sanitized environment of the hatch-
ing cabinet where the first gut colonizers are often pathogens such as 
Escherichia coli or Salmonella . Early application of probiotics has been 
shown to lead to lifelong performance improvements in poultry. Before 
hatching, the environment within the egg exists in a sterile state. In ovo 
application of probiotics may allow colonization of beneficial bacteria 
before the chick is ever exposed to pathogens within the hatching envi-
ronment . In this research, multiple lactic acid bacteria (LAB) isolates 
were screened for their effect on hatchability and their ability to colonize 
the gut after in ovo application. Eighteen day-old embryos were in ovo 
injected with individual LAB isolates. Hatchability was recorded on day 
of hatch. Chicks were humanely euthanized and whole-gut samples were 
homogenized and evaluated for LAB recovery. Out of 7 isolates that were 
screened, 4 were shown to be efficient colonizers and have no negative 
effect on hatchability. These isolates were moved to the next screening 
phase. These 4 isolates significantly increased the LAB numbers in the 
gut compared with the control while having no effect on hatchability. 
Three of these 4 isolates will be moved to the next screening phase. 
This data shows that in ovo application of LAB-based probiotic is an 
effective method of colonizing the gut with beneficial bacteria before 
exposure to the hatching environment .

Key Words: lactic acid bacteria, probiotic, in ovo, hatchery, gut 
health
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61   Thermal destruction of Salmonella during rendering of 
chicken byproduct meal. Amie M . Jones-Ibarra*1, Gary R . Acuff1, 
Ansen R . Pond2, T. Matthew Taylor1, and Christine Z . Alvarado1, 
1Texas A&M University, College Station, TX, 2Darling Ingredients 
Inc., Irving, TX.

The Food Safety Modernization Act specifies the development and 
application of food safety preventive controls for companion and live-
stock animal foods/feeds; such products are commonly processed from 
rendered animal byproducts. Recalls following cross-contamination 
of companion foods with enteric pathogens have resulted in increased 
concern regarding the microbiological safety of animal foods . The 
objective of this project was to determine thermal inactivation kinetics of 
Salmonella enterica in rendered poultry offal. Poultry offal was obtained 
from a commercial processor, inoculated with an 8.0 log10 cfu/mL of 
S. enterica cocktail and subjected to heating at 150, 155, and 160°F 
for up to 15 min; surviving salmonellae were then enumerated by plat-
ing. Data were analyzed by one-way ANOVA to determine significant 
differences between treatments at P = 0.05, and significantly differing 
means were separated by use of Tukey’s honestly significant differences 
(HSD) test at P < 0 .05 . Mean D-values for Salmonella at 150, 155, and 
160°F were 0.254, 0.172, and 0.086 min, respectively, indicative of 
increasing susceptibility to increased heat application during process-
ing. The mean process Z-value was 21.95 + 3.87°F. As a result of rapid 
inactivation to undetectable levels during sample come-up periods, 
Salmonella were inoculated after the come-up period. At 150°F, a slow 
decline in survivors was detected with survival observed up to 5 min of 
heating, with loss of detection after 10 min (5.1 log10 reduction) . Loss 
of detection was observed after 1 min at 155°F. A 5.8 log10 reduction 
was determined to occur at 0.25 min of exposure to 160°F. The limit 
of detection for the assay was 1.0 log10 cfu/g. Experiments indicated a 
minimum 6 .0 log10-cycle inactivation of Salmonella may be obtained 
from the cumulative lethality encountered during come-up and render-
ing of poultry offal at temperatures not less than 150°F. Current poultry 
rendering temperatures typically exceed 200°F; therefore, the cooking 
process is expected to surpass the necessary log reductions required for 
adequate pathogen control.

Key Words: Salmonella, pet food, chicken byproduct, chicken meal, 
thermal destruction

62   Comparison of thermal resistance of rugose phenotype of 
Salmonella Typhimurium with normal smooth morphology at 
different growth phases. Janak Dhakal*, Rama Nannapaneni, and 
Chander S . Sharma, Mississippi State University, Starkville, MS.

In this study, we compared the thermal resistance of rugose phenotype 
of Salmonella Typhimurium (generated after sequential oxidative 
stress by sublethal concentrations of chlorine) with wild type smooth 
morphology. The decimal reduction time (D values) of rugose and wild 
type Salmonella Typhimurium (ATCC 14028) at 55°C and 58°C were 
calculated in tryptic soy broth (TSB) during logarithmic and stationary 
growth phase using microcapillary tube method. The stationary phase 
cells were collected after 18h of incubation in TSB at 37°C whereas 
log phase cells were harvested after 4 h of growth in TSB at 37°C. The 
rugose morphotype of Salmonella Typhimurium survived longer (P < 
0.05) as compared with wild-type smooth Salmonella Typhimurium 
cells at 55°C. Significantly higher D55°C values were obtained for rugose 
morphotype as compared with smooth morphology both in stationary 
and logarithmic phase of growth in TSB. The D55°C values for rugose 
vs. smooth morphology were 9.17 min vs. 7.34 min during stationary 
phase cells and 8 .52 min vs . 5 .81 min for log-phase cells, respectively . 
Although the D58°C values for rugose cells were slightly higher than 

smooth but that difference was not significant (P > 0.05). These findings 
suggest that display of rugose morphology by Salmonella Typhimurium 
to sublethal chlorine exposure provides a certain level of protection 
against heat treatment at lower temperatures, while at higher tempera-
tures there are no observed differences between the thermal resistance 
of rugose and smooth morphology of S. Typhimurium . We also observed 
that stationary-phase Salmonella Typhimurium cells were more resistant 
to heat treatment compared with log-phase cells. These findings further 
highlight the concern over development of such variants of Salmonella 
in the processing environment after consistent exposure to sublethal 
chlorine stress for long time and hence signifies the need of thorough 
cleaning and sanitation in the processing facilities .

Key Words: Salmonella, log, stationary, rugose, thermal inactivation

63   Effect of lighting intensity on transmission of Salmonella 
among broiler chicks. Ayoola A. Onafowokan*1, James A . Byrd2, 
Gregory S . Archer3, and Christine Z . Alvarado3, 1Food Science and 
Technology and Nutrition, Texas A&M University, College Station, 
TX, 2Southern Plains ARS-USDA, College Station, TX, 3Poultry Sci-
ence, Texas A&M University, College Station, TX.

Poultry farm management practices have been shown to affect the 
level of Salmonella transmission . This study investigated the effect 
of lighting intensity on the horizontal transmission of Salmonella in 
broiler chicks. One hundred day-old Ross broiler chicks were screened 
for Salmonella and divided into 4 pens of 25 birds each (A1, A2, B1, 
and B2). On d 3, 5 birds were selected from each pen, wing banded, 
and either orally challenged with 7.92 log of cfu/ mL of antibiotic 
resistant Salmonella Typhimurium (A2 and B2 pens) or remained as 
unchallenged controls (A1 and B1 pens) before return to their respec-
tive pens. The lighting intensity for group A was 50 lx, and group 
B lighting intensity was 5 lx. On d 10 and 20, blood samples of the 
5 wing-banded birds in all the groups were collected and used for 
leukocyte and heterophil:lymphocyte ratio . Motion activities of birds 
in groups A2 and B2 were recorded between d 10 to 20 with passive 
infrared detector. On d 20, the wing-banded birds in groups A1, B1, 
and all the birds in A2 and B2 were euthanized, and crop, liver-spleen, 
and cecum were tested for Salmonella while cecum content was used 
to determine the prevalence of Salmonella colonization . The estimated 
motion activities, leukocyte, heterophil:lymphocyte ratio, and Salmo-
nella Typhimurium (log of cfu/ mL) of birds in groups A2 and B2 were 
analyzed using Proc GLM (SAS) with P < 0.05 to determine significance. 
The percentage of birds that were Salmonella positive were compared 
using Chi square. There was also no significant difference (P > 0 .05) 
in the leukocyte, heterophil:lymphocyte ratio, and the population of 
Salmonella Typhimurium between both groups. As far as the prevalence 
between the 2 groups, there was no Salmonella prevalence difference 
(P > 0.05) between A2 controls (28%) and the treated B2 (12%). This 
study revealed that lighting parameter of 5 and 50 lx do not negatively 
affect Salmonella transmission .

Key Words: broiler chick, lighting intensity, Salmonella

64   Propionibacterium freudenreichii reduces cecal colonization 
of multidrug-resistant Salmonella Heidelberg in turkey poults. 
Divek V . T . Nair*, Jijo V . Thomas, and Anup Kollanoor-Johny, Uni-
versity of Minnesota, Saint Paul, MN.

Salmonella Heidelberg is an emerging pathogen having high coloniza-
tion potential in poultry, including turkeys . Turkeys can serve as carrier-
hosts for Salmonella Heidelberg, and fecal contamination of meat during 
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processing could present significant food safety hazard. We previously 
reported that a beneficial probiotic bacterium, Propionibacterium 
freudenreichii (PF), reduced 4 major virulence factors of Salmonella 
Heidelberg responsible for colonization in poultry . In the current study, 
we report the efficacy of PF in reducing Salmonella Heidelberg coloniza-
tion in poults in 2 independent experiments . In each experiment, 48 (n 
= 48/experiment), straight run, day-old, commercial turkey poults were 
randomly assigned to 4 treatments of 12 birds each: a negative control 
(−S. Heidelberg, −PF), PF control (−S . Heidelberg, +PF), positive control 
(+S. Heidelberg, −PF), and combination (+S . Heidelberg, +PF) . On d 1, 
the incoming flock was screened for any inherent Salmonella. Birds were 
given ad libitum access to Salmonella-free feed and water. On d 1, birds 
in the PF control and the combination group were given PF supplemen-
tation via oral gavage (109 cfu/m:), and subsequently through drinking 
water until d 14. On d 7, birds were challenged with the 2011 ground 
turkey outbreak isolate of Salmonella Heidelberg (6 and 4 log10 cfu/mL 
in experiments 1 and 2, respectively) . On d 9, 2 birds from each group 
were killed to ensure cecal colonization of Salmonella Heidelberg . All 
birds were slaughtered on d 14 (n = 10 birds/group) for determination 
of Salmonella Heidelberg populations in the cecum, liver, and spleen . 
PF reduced Salmonella Heidelberg in all samples in both experiments 
(P < 0 .05) . In the cecum, PF reduced Salmonella Heidelberg coloniza-
tion by 1 .6 and 2 .3 log10cfu/g in experiments 1 and 2, respectively (P 
< 0.05). Body weights did not differ between the groups (P > 0 .05) . 
Histopathological analysis revealed no abnormal changes in the tissues 
due to PF treatment . The results suggest that PF supplemented through 
water could reduce Salmonella Heidelberg colonization in turkey poults .

Key Words: Salmonella Heidelberg, Propionibacterium freuden-
reichii, turkey poult, beneficial bacteria, probiotic

65   Effect of a lactic acid bacteria-based probiotic adminis-
tered in ovo on body weight, bacterial recovery, and Salmonella 
incidence in broiler chicks. Kyle D . Teague*1, Lucas E . Graham1, 
Juan D . Latorre1, Brittney D . Mahaffey1, Mikayla F . A . Baxter1, Lisa 
R . Bielke1, Ross E . Wolfenden2, Billy M . Hargis1, and Guillermo 
Tellez1, 1University of Arkansas, Fayetteville, AR, 2Pacific Vet Group-
USA Inc., Fayetteville, AR.

In ovo administration of probiotics has shown to be an effective mecha-
nism to introduce beneficial bacteria in the embryo. The objective of 
this study is to evaluate the effects of probiotics administered in ovo on 
body weight (BW) and bacterial recovery. In Exp 1, we evaluated the 
effects of FloraMax (FM) on GIT recovery of selected bacterial groups 
on d 1, d 3, and d 7 post-hatch. At d 19, embryos were injected into the 
amnion with either saline (CON) or 1 × 105 cfu of FM . After hatch, d 1 
intestinal samples were collected for microbial recovery (Log10 cfu) of 
lactic acid bacteria (LAB) on MRS plates and gram-negative bacteria 
(GNB) on MacConkey agar plates . Chickens receiving FM had a sig-
nificant increase in LAB (4.33 vs. 0.0) in foregut (duodenum-Meckel’s 
diverticulum) and hindgut (6 .00 vs . 0 .84; Meckel’s diverticulum-cecum) 
when compared with CON chickens. Recovery of GNB was higher in 
the CON group for foregut (2 .58 vs . 0 .31) and hindgut intestinal seg-
ments (7.68 vs. 0.85) compared with the FM group. At d 3, intestinal 
samples followed a similar trend on GNB recovered as the CON was 
higher than the FM group in both the foregut and hindgut sections . At 
d 7, samples only showed a difference in MRS recovery in the hindgut 
as CON was higher (P < 0.05) when compared with the FM group (8.05 
vs . 4 .60) . In Exp 2, in ovo injection of FM (104 cfu) or saline on Salmo-
nella incidence and BW at d 1, 3, and 7 were evaluated. At placement 
chicks were orally gavage with (104 cfu) Salmonella Enteriditis (SE) . 
Intestinal samples were collected for Salmonella recovery on BGA w/

NO-NA . On d 1, CON chickens had a higher SE colonization (7 .13 vs 
5.45) compared with FM chickens. The trend continued for d 3 and 7 as 
the FM group recovered numerically lower counts compared with the 
CON group. BW at d 3 and 7 were also significantly higher in the FM-
treated group compared with CON. These studies suggest that FloraMax 
administered in ovo can promote beneficial bacteria colonization of the 
GIT, increased BW, and reduced Salmonella incidence in the first 7 d 
of age in broiler chicks .

Key Words: in ovo, probiotics, lactic acid bacteria, Salmonella, 
broiler

66   Recovery of Salmonella Enteritidis and Heidelberg from 
market age broilers when inoculated as chicks. Elle Chadwick*, 
James Krehling, Laci MacKay, Bradley Schrader, and Kenneth S . 
Macklin, Auburn University, Auburn, AL.

Salmonella enterica serovars Enteritidis (SE) and Heidelberg (SH) 
continue to be leading causes of foodborne illness, with poultry products 
acting as a main vector . Not only is this pathogen moving through pro-
cessing plants, but there is a drastic increase in the amount of Salmonella 
found in ground chicken or mechanically deboned meat in comparison 
to whole birds. There is a lack of understanding of factors that allow 
for entry of Salmonella into birds, as well as what organs and tissues 
this pathogen will colonize affecting food safety. The objective of this 
study was to infect chicks on d 0 with 104 SE [naladixic acid (NAL) 
and novobiocin resistant] or SH (NAL resistant) to identify sites of 
colonization at d 35. Straight run broilers were inoculated in the eye 
with either SE or SH then grown for 5 wk. The birds were euthanized 
and the following samples were harvested: a pooled sample of the bursa 
and thymus (BT), breast meat, ceca, crop, kidney, a pooled sample of the 
liver and spleen (LS), skin from the neck (NS), spinal cord (SC), thigh 
meat (TM) and trachea. Swab samples were taken from the abdominal 
cavity, bone marrow, cloaca and lung. In total, 100 SH and 80 SE birds 
were necropsied over 3 d. Samples were stored in buffered peptone 
water at 4°C until d 4. This was followed by enrichment and plating of 
the samples for Salmonella recovery. Data were collected on a yes/no 
basis for Salmonella growth. These data were then analyzed with the 
GLM method in SPSS (P ≤ 0.05) and, if appropriate, Tukey HSD test 
was performed. Comparative means analysis for SE and SH showed 
that the only significantly different samples between the serovars were 
from cloaca and crop (P ≤ 0.05). When the samples within each serovar 
were compared, there was a noticeable trend in percent Salmonella 
prevalence. The trachea (SE = 11.3%, SH = 7%), LS (12.5%,7%), NS 
(16.3%,9%), BT (17.5%,13%), ceca (21.3%, 30%), cloaca (9%, 22.5%), 
and crop (28.8%, 17%) were common in both serotypes and more 
prevalent compared with the other samples taken. These trends point 
to organs and tissues that need to be closely monitored for Salmonella 
colonization when poultry are processed.

Key Words: Salmonella, Salmonella Enteritidis, Salmonella 
Heidelberg

67   The effect of refined functional carbohydrates (RFC) from 
enzymatically hydrolyzed yeast on the presence of Salmonella 
spp. in broiler breeders and their progeny. Grayson K . Walker*1, 
John T . Brake1, and Sangita Jalukar2, 1Prestage Department of Poul-
try Science, North Carolina State University, Raleigh, NC, 2Arm and 
Hammer Animal Nutrition, Princeton, NJ.

Enzymatic hydrolysis of yeast can produce refined functional carbo-
hydrates (RFC) that have activities against gram-negative bacteria . 
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Specifically, Aviator SCP (Arm and Hammer Animal Nutrition, 
Princeton, NJ) interferes with Salmonella attachment to the intestinal 
lumen. Broiler breeder females were managed until 64 wk with half 
receiving 50 g/MT of RFC in their diet continuously and half remaining 
as controls. There were 8 pens of 60 females and 8 males fed each diet 
and no effort was made to isolate pens from daily foot traffic. Control 
breeders were 71.4 and 40% positive for Salmonella spp . in their ceca 
at 23 and 64 wk of age, whereas RFC-fed breeders were negative at 
both times. At 33 wk of age, 8 replicate trays of 180 eggs per treatment 
were collected, incubated separately, and then hatched. Thereafter, 24 
chicks from each tray were selected and had their intestines aseptically 
removed and tested for Salmonella spp. with selective plate culturing 
methods . Salmonella spp. were not isolated in intestines from either 
parental dietary treatment group, but intestines from RFC-fed parents 
exhibited a significantly greater incidence (24%) of no growth of other 
Enterobacteriaceae on the selective media used when compared with 
chicks from control parents (1%). At 51 wk of age, 96 male progeny 
broiler chicks per treatment were obtained as at 33 wk of age. Breeder 
parents and their broiler progeny received either 50 g/MT of RFC in 
their diet or a control diet in a 2 × 2 design with treatments assigned 
to 4 replicate pens of 12 males per interaction. All broilers were tested 
for cecal Salmonella spp . at 34 d of age as above . Salmonella spp . 
was isolated in broilers from one pen of control broilers that were also 
progeny of control breeders out of 4 replicates, yielding 25% positive 
Salmonella spp. with pen as the experimental unit for this treatment. 
Salmonella spp. was not isolated in any additional broiler pens. These 
data demonstrated that RFC reduced vertical transmission of Salmonella 
spp . from breeder hens to their progeny .

Key Words: Salmonella, refined functional carbohydrates, broiler 
breeder, broiler

68   Antibacterial effect of lemon grass (Cymbopogon citratus) 
essential oil on multidrug-resistant Salmonella Heidelberg in 
poultry drinking water. Claire Peichel*, Divek V . T . Nair, Grace 
Dewi, and Anup Kollanoor-Johny, University of Minnesota, Saint 
Paul, MN.

Drinking water can be a significant source of Salmonella for poultry . 
Salmonella Heidelberg, a highly invasive serotype among the poultry-
associated Salmonella, can survive in poultry drinking water resulting 
in the cecal colonization of poultry by the pathogen . In this study, lemon 
grass essential oil (LGEO), a natural, generally recognized as safe 
(GRAS) oil obtained from Cymbopogon citratus, was evaluated for its 
efficacy to inactivate multidrug-resistant (MDR) Salmonella Heidelberg 
in poultry drinking water. Farm water (100 mL) containing 0, 0.03, 0.06, 
0.125, 0.25, and 0.5% LGEO was inoculated with a 2-strain mixture of 
~6.0 log cfu/mL MDR Salmonella Heidelberg (Source: 2014 Tennessee 
correctional facility outbreak). Water samples containing 0.5% litter, 
feces or feed were also included in the study to determine the effect 
of LGEO on the pathogen in the presence of common contaminants 
encountered in poultry drinking water. The samples were stored at 22°C 
for 7 d and analyzed for bacterial populations on d 0, 1, 3, 5, and 7 . A 
complete reduction of MDR Salmonella Heidelberg (6.0 log cfu/ml) in 

poultry drinking water was obtained with 0.125% and 0.03% LGEO on d 
3 and 5, respectively (n = 4; P ≤ 0.05). All concentrations of LGEO above 
0.03% completely inactivated the pathogen from d 5 onward (n = 4; P 
≤ 0.05). LGEO at ≥0.125% completely inactivated MDR S. Heidelberg 
in water containing feces on d 5 and 7, compared with the control (n = 
4; P ≤ 0.05). However, in water containing litter, 0.5% LGEO resulted 
in a reduction of 5.3 log cfu/mL MDR Salmonella Heidelberg on d 7 (n 
= 4; P ≤ 0.05). The presence of feed in water reduced the antibacterial 
efficacy of LGEO significantly, compared with the addition of litter or 
feces. However, LGEO at 0.5% resulted in 0.7 log cfu/mL reduction of 
MDR Salmonella Heidelberg in water containing feed on d 7 (n = 4; P 
≤ 0.05). Results indicate that LGEO is effective in inactivating MDR 
Salmonella Heidelberg in water and may decrease the likelihood that 
water will contribute to colonization of poultry by the pathogen.

Key Words: Salmonella Heidelberg, multidrug resistant, inactiva-
tion, lemon grass essential oil, drinking water

69   Prevalence and characterization of antimicrobial-resistant 
Salmonella isolated from a broiler processing plant. Matthew A. 
Bailey*, Jagpinder S. Brar, Sydney C. Corkran, Carmen Velasquez, 
Estefania Novoa Rama, and Manpreet Singh, Department of Food 
Science, Purdue University, West Lafayette, IN.

Antimicrobial-resistant (AMR) pathogens are an important food safety 
issue to the poultry industry, especially AMR Salmonella, which causes 
numerous deaths annually . Management practices addressing this con-
cern, such as eliminating antibiotic use during broiler production, have 
become increasingly popular. The purpose of this study was to assess 
the prevalence of AMR Salmonella in a commercial broiler processing 
plant that markets antibiotic-free (ABF) chicken. Samples were collected 
during 8 separate processing days over 5 mo . On each of these days, 92 
samples were collected (35 carcass rinses, 12 equipment swabs, 15 water 
samples, 5 fecal grab samples, and 25 air samples) for 736 total samples . 
Samples were stored on ice and processed for Salmonella enrichment 
within 12 h. Two isolates per sample were collected, if available, con-
firmed by PCR, and analyzed for resistance to 14 antimicrobials using 
a broth microdilution method. Out of 736 samples, 51 were positive 
for Salmonella (6.9%). A total of 95 isolates were collected, of which 
18 (18.9%) were resistant to at least 1 antimicrobial and 14 (14.7%) 
were multidrug resistant. The most common resistance observed was 
against amoxicillin/clavulanic acid (15.8%), followed by cefoxitin 
(14.7%), ampicillin (13.7%), and ceftiofur and ceftriaxone (both 11.6%). 
The results of this study showed that AMR Salmonella could still be 
present in ABF broilers. Of most concern was the incidence of isolates 
resistant to drugs commonly used to treat severe salmonellosis, such 
as ceftriaxone, which highlights the need for more research concerning 
interventions to manage AMR pathogens. This experiment was part of 
ongoing research using whole-genome sequencing methods to identify 
shared genetic characteristics between persistent AMR pathogens, 
providing a basis for further investigation .

Key Words: food safety, Salmonella, antimicrobial resistance, 
antibiotic-free, broiler
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70   Microbiological status of broiler respiratory tracts before 
and after feed withdrawal during catching. Dianna V . Bourassa*, 
Kim M . Wilson, and R . Jeff Buhr, US National Poultry Research 
Center, USDA-ARS, Athens, GA.

A significant point of entry for Salmonella into a processing plant is 
within broilers to be processed. Prior to transport to the processing 
plant, feed is withdrawn from broilers for on the farm, then birds are 
caught and cooped . During catching, an increased presence of litter 
dust in the house air is visible and may affect the presence of bacteria 
within the respiratory tract. The objective of this study was to examine 
the effect of feed withdrawal plus catching on levels of aerobic bacteria 
(APC) and the presence of Enterobacteriaceae (EB) and Salmonella 
within broiler respiratory tracts. To determine house Salmonella status, 
litter was sampled for the presence of Salmonella using intermittently 
stepped-on-drag swabs at 5 wk of age, and all 4 houses were Salmonella 
positive. Also at 5 wk, the respiratory tracts from 5 full-fed male broilers 
per house were sampled for APC, EB, and Salmonella by respiratory 
tract flushing and the ceca were sampled only for Salmonella. At 6 wk, 5 
full-fed male broilers and 5 feed/water withdrawn broilers were collected 
when half of the broilers were caught from each house, transported to 
the lab, and were sampled for APC, EB, and Salmonella in respiratory 
tracts and for Salmonella in the ceca. At wk 5, broilers had 2.73 log10 
cfu/mL APC, 8/20 EB positive, 11/20 Salmonella positive respiratory 
tracts, and 17/20 Salmonella positive ceca . The day before catching 
at 6 wk, broilers had 2.60 log10 cfu/mL APC, 8/20 EB positive, 10/20 
Salmonella positive respiratory tracts, and 12/20 Salmonella positive 
ceca. Following feed/water withdrawal and catching, broilers had 
3 .06 log10 cfu/mL APC, 7/20 EB positive, 4/20 Salmonella positive 
respiratory tracts, and 11/20 Salmonella positive ceca . Although the 
levels of APC and the prevalence of EB were not affected in respiratory 
tracts during catching, the prevalence of Salmonella was significantly 
decreased . All 4 Salmonella combinations occurred, positive respiratory 
tracts with positive ceca, positive respiratory tracts with negative ceca, 
negative respiratory tract with positive ceca, and negative respiratory 
tracts with negative ceca.

Key Words: respiratory tract, Salmonella, Enterobacteriaceae, aero-
bic plate count, broiler

71   Influence of aviary forage substrate on environmental and 
egg microbial indicator organisms and pathogen prevalence. 
Deana R . Jones*1 and Darrin M . Karcher2, 1US National Poultry 
Research Center, USDA ARS, Athens, GA, 2Department of Animal 
Science, Michigan State University, East Lansing, MI.

A rapid shift to cage-free egg production systems is occurring in the 
United States . The effect of management decisions on food safety in 
cage-free production is not completely understood . Bovans White 
laying hens was housed in commercial-style aviary housing systems. 
Each aviary was divided into 4 segments, with each segment contain-
ing a different forage substrate: concrete, Astroturf, wood shavings, 
and straw. Four rooms of aviary housing were used with each substrate 
present within a room. At 4 hen ages (25, 37, 51, and 64 wk) eggshell 
pools (4 eggs/pool; 6 pools/substrate) and environmental swabs were 
collected for microbial analysis . Environmental sampling consisted 
of swabbing: nest boxes, system wires, and forage drag swabs (n = 4/
substrate/sampling time). Hens produced so few system and floor eggs 
that adequate numbers of eggshell pools could not be formed. Indicator 

populations of total aerobes, Enterobacteriaceae, and yeasts and molds 
were enumerated. The prevalence of Salmonella, Listeria, and Campy-
lobacter spp. were also determined. Levels of nest box shell emulsion 
total aerobes (P < 0.05) were affected by forage substrate, yet overall 
counts among treatments were within 1 log cfu/mL. Levels of all indi-
cators in environmental swabs were influenced by hen age (P < 0 .05) 
and not forage substrate . The greatest amount of nest box and system 
wire contamination was found at 37 wk for all populations enumerated, 
with similar counts for both environmental samples (approximately 6 
log cfu/mL total aerobes; 4.5 log cfu/mL Enterobacteriaceae; 4 log cfu/
mL yeasts and molds) . No Salmonella spp. were detected in any of the 
samples . Although Listeria (8% nest box swabs; 34% system swabs; 
70% drag swabs) and Campylobacter spp. (6% nest box shells; 2% nest 
box swabs; 39% system swabs; 25% drag swabs) were detected, no dif-
ferences were found between the substrates (P > 0 .05) . In commercial 
aviary housing, hen age has a greater influence on levels of indicator 
organisms than forage substrate . Furthermore, forage substrate does 
not significantly influence the prevalence of Salmonella, Listeria, or 
Campylobacter spp .

Key Words: aviary, forage substrate, Salmonella, Listeria, 
Campylobacter

72   Colonization of internal organs by Salmonella serovars Hei-
delberg and Typhimurium in experimentally infected laying hens 
housed in enriched colony cages at different stocking densities. 
Richard K . Gast*1, Rupa Guraya1, Deana R . Jones1, Jean Guard1, 
Kenneth E . Anderson2, and Darrin M . Karcher3, 1US National Poultry 
Research Center, USDA-ARS, Athens, GA, 2Department of Poultry 
Science, North Carolina State University, Raleigh, NC, 3Department 
of Animal Science, Michigan State University, East Lansing, MI.

Contaminated eggs produced by infected commercial laying flocks 
are often implicated as sources of human infections with Salmonella 
Enteritidis, but Salmonella serovars Heidelberg and Typhimurium have 
also been significantly associated with egg-transmitted illness. Contami-
nation of the edible contents of eggs is a consequence of Salmonella 
colonization of reproductive tissues in systemically infected hens . In 
recent years, the animal welfare implications of diverse poultry housing 
and management systems have been vigorously debated, but the food 
safety significance of laying hen housing remains uncertain. The present 
study evaluated the effects of 2 different bird stocking densities on the 
invasion of internal organs by Salmonella Heidelberg and Salmonella 
Typhimurium in groups of experimentally infected laying hens housed 
in colony cages enriched with perching and nesting areas. Laying hens 
were distributed at 2 different stocking densities (648 and 973 cm2/
bird) into colony cages and (along with a group housed in conventional 
cages) orally inoculated with doses of 107 cfu of 2-strain cocktails of 
either Salmonella Heidelberg or Salmonella Typhimurium . At 5–6 d 
post-inoculation, hens were euthanized and samples of internal organs 
(cecum, liver, spleen, ovary, and oviduct) were removed for bacteriologic 
culturing. The overall frequency of isolation of Salmonella Heidelberg 
from ceca (83.3%) was significantly (P < 0 .001) greater than the cor-
responding value for Salmonella Typhimurium (53.8%). Conversely, 
Salmonella Typhimurium was recovered significantly more often from 
both livers (85.2% vs. 53.7%; P < 0.0001) and spleens (78.7% vs. 56.5%; 
P = 0.0008) than was Salmonella Heidelberg. However, there were no 
significant differences (P > 0.05) between stocking densities or cage 
systems in the frequencies of isolation of either Salmonella Heidelberg 
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or Salmonella Typhimurium from any of the 5 sampled tissues . These 
results contrast with prior studies that reported increased susceptibility 
to internal organ invasion by Salmonella Enteritidis among hens in 
conventional cages at higher stocking densities .

Key Words: Salmonella Heidelberg, Salmonella Typhimurium, 
enriched colony cage, stocking density

73   Evaluation of recombinant Salmonella Typhimurium 
and Enteritidis vaccines to protect against Salmonella Heidel-
berg infection. Amanda D . Wolfenden*1, Yichao Yang1, Olivia 
B . Faulkner1, Rabindra K . Mandal1, Luc R . Berghman2, Billy M . 
Hargis1, Young M. Kwon1, and Lisa R . Bielke3, 1University of Arkan-
sas, Fayetteville, AR, 2Texas A&M University, College Station, TX, 
3The Ohio State University, Columbus, OH.

Historically, Salmonella vaccines have been either live attenuated or 
killed bacterin vaccines that fail to offer cross-protection against other 
serogroups, which limits true risk mitigation and protection of con-
sumers . Subunit recombinant vaccines that possess highly conserved 
antigens offer potential to provide cross-serogroup protection, and 
ability to express immune-enhancing molecules that promote uptake 
and recognition by the immune system . Six Salmonella subunit vaccine 
candidates were developed in either attenuated Salmonella Enteritidis 
(SE) or Salmonella Typhimurium (ST) with high mobility group box 1 
immune-enhancing sequence (H), peptidoglycan associated lipoprotein 
(P), and Omp18 protein Cj0113 (C) in different pattern arrangements for 
evaluation against Salmonella Heidelberg (SH) challenge in broilers . In 
exp. 1, chicks were orally vaccinated with SE-CPH, SE-HCP, SE-CHP, 
ST-CPH, ST-HCP, or ST-CHP at 1 × 107 cfu/chick, or saline control 
on d 1 and d 14. On d 17 all birds were challenged with 6 × 106 cfu/
chick SH, and ceca collected on d 23 and d 28 . On d 23, only SE-CPH 
reduced (P < 0 .05) SH recovery, 0 .34 ± 0 .23 log10 cfu compared with 
control at 1 .19 ± 0 .26 log10 cfu . On d 28, SE-CPH and ST-HCP reduced 
SH recovery at 0 .40 ± 0 .40 and 0 .51 ± 0 .26 log10 cfu, respectively . For 
exp. 2, chicks were orally vaccinated with 1 × 108 cfu/chick SE-CPH, 
SE-HCP, SE-CHP or saline on d1. At d 7 all chicks were orally chal-
lenged with 7 × 106 cfu/chick SH by and ceca collected on d 28 and d 
35 . Only SE-CPH reduced (P < 0 .05) SH recovery on d 28 compared 
with control. In exp 3, chicks were vaccinated by spray in a commercial 
vaccination cabinet with SE-CPH vaccination, estimated at 1.6 × 107 
cfu/chick, and controls received a saline sham. Birds were challenged 
on d 14 with 3 × 107 cfu/chick SH and ceca collected on d 18 and d 25. 
SE-CPH reduced SH recovery (P < 0 .05) on d 18, 2 .75 ± 0 .05 log10 
cfu, and d 25, 1 .89 ± 0 .43 log10 cfu, compared with control chickens at 
5 .6 ± 0 .37 (d 18) and 3 .98 ± 0 .5 log10 cfu (d 25) . The results of these 
experiments suggest that cross serogroup protection is possible using 
these SE and ST vectored subunit vaccines .

Key Words: Salmonella, poultry, vaccine

74   Effectiveness of various feed additives for reduction of 
Salmonella Enteritidis colonization of ceca and ovaries in com-
mercial layers. Charles L . Hofacre*1, Greg Mathis2, Karl Dawson3, 
and Brett S . Lumpkins2, 1Poultry Diagnostic and Research Center, 
The University of Georgia, Athens, GA, 2Southern Poultry Research 
Inc., Athens, GA, 3Alltech Inc., Nicholasville, KY.

Salmonella Enteritidis (SE) is reported by the CDC to be one of the lead-
ing causes of Salmonella foodborne illness . The objective of this study 
was to determine if natural products can be used to reduce or prevent 
SE colonization in commercial layer pullets . This study utilized 336 

Hyline W-36 pullets at 10 wk of age housed in individual commercial 
layer cages. The treatments were all in the feed and began at 10 weeks 
of age. Treatments were no additive and no SE challenge; no additive 
and SE challenge; Actigen and SE challenge; Bio-Mos and SE challenge; 
Lacto-Sac and SE challenge; Acid-Pak and SE challenge; a commercially 
available yeast metabolite and SE challenge. At 12 wk of age pullets 
were light stimulated then at 16 weeks each pullet was orally gavaged 
9.0 × 108 cfu/bird of a nalidixic acid-resistant SE and 7 d post chal-
lenge ovaries and ceca were collected. Forty-eight pullets were in each 
treatment. Prevalence of SE was determined by culture in tetrathionate 
(42°C for 24 h) then XLT-4 (25 mg/mL nalidixic acid). Enumeration of 
SE in ceca was by the MPN method of Berghaus and Thayer. Statistical 
analysis was by Kruskal-Wallis test and Dunn’s procedure and MPN 
were log-transformed before statistical analysis; values with superscripts 
in common do not differ (P < 0.05). Ceca prevalence was unchallenged 
0%; challenge untreated 100%ª; yeast metabolite 93.8%ª; Actigen 
97.9%ª; Bio-Mos 93.8%ª; Lacto-Sacc 95.8%ª; Acid-Pak 93.8%ª. Ceca 
enumeration was (median SE log10 per gram): Challenged untreated 
1 .40ab; Actigen 1 .29 ab; Bio-Mos 1 .23a; Lacto-Sacc 1 .36ab; Acid-Pak 
1 .11a. Ovary prevalence was unchallenged 0%; untreated challenged 
8.3%a; yeast metabolite 54.2%b; Actigen 52.1%b; Bio-Mos 62.5%b; 
Lacto-Sacc 41.7%b; Acid-Pak 64.6%b. The SE challenge was effective 
in colonizing ceca and ovaries. Lacto-Sacc was the most effective in 
numerically lowering SE prevalence in ovaries. All treatments reduced 
SE prevalence in ceca, with Bio-Mos and Acid-Pak significantly reduc-
ing SE level in ceca .

Key Words: Salmonella Enteritidis, feed additive, ceca, ovaries, 
layer

75   The effect of different spectrums of LED light on Salmo-
nella in laying hens. James A . Byrd*1 and Gregory S . Archer2, 
1Food and Feed Safety Research Unit, USDA, ARS, College Station, 
TX, 2Department of Poultry Science, Texas A&M University, College 
Station, TX.

Light-emitting diode (LED) light bulbs are more efficient than con-
ventional bulbs and concerns have arisen on their effect on food safety 
issues. One question that arises is whether the spectrum of light that is 
produced by the bulb can affect Salmonella shedding of laying hens . 
To investigate how different wavelengths of light affect these factors, 
we raised 3 sets of hens under either a bulb that produced mainly blue 
light (Once Inc .: AgriShift MLBG; BLUE), a bulb that produced mainly 
red light (Once, Inc .: AgriShift MLL: RED), or a bulb that produced 
mainly a yellow light (Overdrive, 3000K; YELLOW). Each light treat-
ment consisted of 30 White Leghorn hens and the study was conducted 
in 2 experiments. The first experiment had separate light treatments 
with the following layer hen groups: (1) unvaccinated/unchallenged 
(UVUC); (2) Salmonella Enteritidis (SE) vaccinated/unchallenged 
(VUC); (3) unvaccinated/SE challenged (108 cfu/mL; UVC); and (4) 
SE vaccinated/SE challenged (VC). The second experiment consisted 
of the same light treatments and included only VUC and VC . At d 0, 2, 
4, 6, 8, and 12 d post-SE challenge, Salmonella was measured in RV-
enriched ceca, liver, spleen, and ovaries. The ceca were also enumerated 
using XLT4 agar plates at 37°C for 24 h. YELLOW (3.79 ± 0.9 Log10 
cfu g/mL cecal contents) and RED (4.92 ± 3.5Log10 cfu g/mL cecal 
contents) UVC layers had significantly (P < 0 .05) higher Salmonella 
than either the YELLOW (1 .00 ± 1 .2 Log10 cfu g/mL cecal contents) or 
RED (1 .24 ± 1 .7 Log10 cfu g/mL cecal contents) VC layers. However, 
BLUE (3 .23 ± 1 .83 Log10 cfu g/mL cecal contents) UVC layers were 
not significantly different from their VC layer (1.01 ± 2.27 Log10 cfu g/
mL cecal contents) counterparts. Differences were also observed in the 
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Salmonella titers between the vaccinated versus unvaccinated groups. 
The results indicate that the spectrum of LED light can affect the cecal 
Salmonella contamination when combined with SE-vaccinated laying 
hens . To determine vaccinations and lighting can affect the Salmonella 
status of poultry, more research is needed but it is clear that the Salmo-
nella status can be affected by lighting .

Key Words: layer, light, LED, Salmonella, vaccination

76   Phytochemicals reduce Campylobacter jejuni virulence 
factors in vitro and down-regulate expression of virulence genes. 
Abhinav Upadhyay*1, Komala Arsi1, Ann M . Donoghue2, Basanta 
R . Wagle1, Sandip Shrestha1, Pam Blore1, and Dan J . Donoghue1, 
1Department of Poultry Science, University of Arkansas, Fayetteville, 
AR, 2Poultry Production and Product Safety Research Unit, Agricul-
tural Research Service, USDA, Fayetteville, AR.

Campylobacter jejuni is a poultry-associated foodborne pathogen that 
causes severe diarrhea in humans . In the human gut, C. jejuni adheres to 
and invades the intestinal epithelium followed by cytolethal distending 
toxin-mediated cell death and enteritis . Reducing the attachment and 
invasion of intestinal epithelium and expression of virulence factors 
(motility, toxin production) could potentially reduce C. jejuni infec-
tion in humans. This study investigated the efficacy of sub-inhibitory 
concentrations of 4, generally regarded as safe status phytochemicals in 
reducing the attachment and invasion of C. jejuni on human intestinal 
cells (Caco-2). The phytochemicals used were trans-cinnamaldehyde 
(TC; 0.005, 0.01%), eugenol (EG; 0.005, 0.01%), naringenin (NG; 
0.005, 0.01%), and carvacrol (CR; 0.001, 0.002%). Caco-2 monolayer 
was grown in 96-well tissue culture plates (105 cells/well) and inocu-
lated with C. jejuni (6 log cfu/well) either in the presence or absence of 
phytochemicals followed by incubation at 37°C for 90 min. The cells 
were lysed and C. jejuni that attached and invaded Caco-2 cells were 
enumerated . Additionally, the effect of phytochemicals on C. jejuni 
motility and toxin production was studied using standard bioassays and 
gene expression analysis . All experiments had duplicate samples and 
were replicated 3 times on 3 strains of C. jejuni. Data were analyzed 
using ANOVA with GraphPad ver. 6. Differences between means were 
considered significant at P < 0 .05 . All phytochemicals reduced C. jejuni 
adhesion to and invasion of Caco-2 cells . In addition, the phytochemicals 
reduced pathogen motility, and production of cytolethal distending toxin . 
Real-time PCR revealed that majority of phytochemicals reduced the 
transcription of C. jejuni genes critical for infection in humans by at 
least 2 fold as compared with control (P < 0 .05) . Results suggest that 
TC, EG, NG, and CR could be used to control Campylobacter virulence 
and infection in humans . A similar concept can be applied to modulate 
C. jejuni chicken colonization factors and reduce cecal carriage in birds .

Key Words: Campylobacter, phytochemical, virulence, gene 
expression

77   Withdrawn

78   Treatment of eggs using an advanced oxidation process san-
itizer reduces Salmonella contamination in broiler chicks. Andrew 
C . Rehkopf*1, James A . Byrd2, Craig D . Coufal1, and Tri Duong1, 
1Department of Poultry Science, Texas A&M University, College Sta-
tion, TX, 2USDA-ARS, Southern Plains Agriculture Research Center, 
College Station, TX.

Reduction of Salmonella contamination of eggs during incubation and 
hatch is important for improving the microbial food safety of poultry and 

poultry products . Safe and effective interventions to reduce Salmonella 
contamination of eggs will be important to improving the microbial 
quality of eggs entering the hatchery. The hydrogen peroxide (H2O2) 
and UV light (UV) advanced oxidation process (AOP) was demonstrated 
previously to be effective in reducing Salmonella on the surface of 
experimentally contaminated eggs. The objective of this study was to 
evaluate the effect of treatment of eggs using of a prototype AOP egg 
sanitizer on Salmonella contamination during incubation and hatch . 
Experimentally contaminated eggs were treated using the prototype 
egg sanitizer and incubated for 21 d . Salmonella was enumerated from 
the surface and selectively enriched from the surface, crushed shell and 
contents of eggs at 0, 1, 5, 12, and 19 d post-inoculation . Treatment 
with the AOP egg sanitizer reduced Salmonella greater than 6 log10 
cfu egg−1 from the surface of experimentally contaminated eggs (P < 
0 .05) and reduced the number of Salmonella positive eggs by 65% (P 
< 0.05) immediately post-inoculation when compared with untreated 
eggs. Additionally, approximately 30% fewer treated eggs were posi-
tive for Salmonella through incubation than untreated eggs (P < 0 .05) . 
Chicks were hatched and raised through 14 d post-hatch. Salmonella was 
selectively enriched from the cecum of chicks at d 0 and 14 d post-hatch . 
The number of Salmonella positive chicks was greater when chicks were 
hatched from untreated eggs than from eggs treated using the prototype 
AOP sanitizer (P < 0 .05) . These data suggest reduction of Salmonella 
contamination on the surface of eggs using the H2O2 AOP egg sanitizer 
may reduce gastrointestinal colonization of chicks .

Key Words: advanced oxidation process, hydrogen peroxide, ultra-
violet light, egg sanitizer, Salmonella

79   Effect of inoculum level on cecal colonization and organ 
invasion by multidrug-resistant Salmonella Heidelberg in turkey 
poults after experimental oral challenge. Anup Kollanoor-Johny*, 
Divek V . T . Nair, and Jijo V . Thomas, University of Minnesota, Saint 
Paul, MN.

Salmonella Heidelberg, an emerging serotype of Salmonella associated 
with some recent foodborne outbreaks, has high colonization potential in 
poultry . Salmonella Heidelberg can colonize turkey ceca, invade internal 
organs and may potentially reach skeletal muscles . The objective of 
the current study was to determine cecal colonization, organ invasion 
and potential skeletal muscle deposition of multidrug-resistant (MDR) 
Salmonella Heidelberg (Source: 2011 ground turkey outbreak) after the 
experimental oral challenge of turkey poults. Two 21-d turkey poult 
experiments were conducted. In each experiment, 60 (n = 60 poults/
experiment), day-old, straight-run, commercial turkey poults were 
randomly assigned to 5 challenge groups of 12 poults each . On d 1, the 
incoming flock was screened for any inherent Salmonella . Salmonella-
free water and feed were provided ad libitum. On d 7, groups 1, 2, 3, 4 
and 5 received one-time oral inoculum dose of 100 (control), 102, 104, 
106, and 108 cfu/mL of Salmonella Heidelberg in phosphate buffered 
saline (pH = 7 .2), respectively, via oral gavage . On d 9, 2 poults from 
each group (n = 2 poults/group) were killed for cecal samples to ensure 
Salmonella Heidelberg colonization . On d 21, the remaining poults (n = 
10/group) from each group were euthanized, and samples were collected 
to determine Salmonella Heidelberg colonization in the cecum, invasion 
of liver and spleen, and potential deposition in the thigh, drumstick, and 
breast muscles. Histopathology and immunohistochemistry were also 
conducted on the samples . Results indicate that the MDR Salmonella 
Heidelberg outbreak isolate showed high colonization potential in the 
poult ceca with as low as ~4.5 log10cfu/g in the 102 inoculum group to 
as high as ~5.9 log10cfu/g in the 108 group, in both experiments . Spleen 
had more Salmonella Heidelberg than liver (P < 0 .05) . In addition to 
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cecum, liver and spleen, some of the muscle samples also tested positive 
for Salmonella Heidelberg, as revealed by the microbiological analysis .

Key Words: Salmonella Heidelberg, turkey poult, colonization, 
organ invasion, tissue deposition

80   Effects of feeding Diamond V Original XPC on Salmonella 
prevalence, numbers, virulence, and antibiotic resistance in ceca 
samples taken from commercial turkeys. Donald R . McIntyre*1, 
Hilary O . Pavlidis1, Steve A . Carlson2, and Douglas P . Smith1, 
1Diamond V, Cedar Rapids, IA, 2Department of Biomedical Sciences, 
Iowa State University College of Veterinary Medicine, Ames, IA.

The effect of feeding Diamond V Original XPC on reducing pre-harvest 
pathogens in commercial turkeys was evaluated by determining preva-
lence, numbers, virulence, and antibiotic resistance of Salmonella in ceca 
collected in processing plants . In this study, 20 commercial turkey barns 
from 3 different companies were evaluated; birds in 8 barns were fed a 
diet that contained 1.25 kg/MT of Original XPC (XPC), and 12 were fed 
a typical diet (CON) . Depending on the company protocol, at processing, 
one cecum was collected from between 50 and 100 birds per barn (1,003 
total cecum samples) during evisceration at the processing plant . Ceca 
samples were shipped overnight to Iowa State University where they 
were analyzed for Salmonella prevalence and numbers, with positive 
samples tested for both virulence and antibiotic resistance. Data were 
analyzed in SAS using the GLM procedure with feeding treatment as the 
main effect and significance considered at P ≤ 0.05. Feeding XPC signifi-
cantly reduced (P < 0 .0001) Salmonella prevalence compared with CON 
(5.50% vs. 30.35%, respectively). A significant reduction (P = 0 .0010) 
was also observed for Salmonella numbers in XPC birds versus CON 
(7.08 vs. 92.22 cfu/g, respectively). Isolates were assessed for virulence 
and resistance to the antibiotics florfenicol, ceftiofur and enrofloxacin. 
Salmonella virulence was measured by a human cell culture invasive-
ness assay. Virulence was significantly lower (P = 0 .0006) in isolates 
from XPC birds compared with CON (0.20 vs. 1.08%, respectively), 
representing a 5-fold reduction in virulence . Total antibiotic resistance 
was significantly lower (P = 0 .0065) in isolates from XPC fed birds 
compared with CON (4.84 vs. 17.56%, respectively). Feeding XPC 
to turkeys resulted in a significant reduction in Salmonella prevalence 
and numbers . Salmonella recovered from XPC birds were 5 times less 
likely to cause human illness and are more likely to be susceptible to 
antibiotics . These data suggest that the addition of Original XPC to the 
diet is an effective pre-harvest intervention for Salmonella in turkeys .

Key Words: Salmonella, virulence, antibiotic resistance, turkey, XPC

81   Effects of feeding Diamond V Original XPC on Salmonella 
prevalence, numbers, virulence, and antibiotic resistance in ceca 
samples taken from commercial broilers. Hilary O . Pavlidis*1, 
Douglas P . Smith1, Steve A . Carlson2, and Donald R . McIntyre1, 
1Diamond V, Cedar Rapids, IA, 2Department of Biomedical Sciences, 
Iowa State University College of Veterinary Medicine, Ames, IA.

A study was conducted to determine the effects of feeding Diamond V 
Original XPC on reducing pre-harvest Salmonella in broilers in commer-
cial processing plants, including an evaluation of Salmonella virulence 
and antibiotic resistance . In this study, a total of 18 commercial broiler 
houses from 4 companies were monitored; 8 houses were fed a diet 
that contained 1.25 kg/MT of Original XPC (XPC), and 10 were fed a 
typical diet (CON) . Depending on the company protocol, at processing, 
one cecum was collected from between 50 to 100 birds per house (1140 
total cecum samples) during evisceration at the processing plant . Ceca 

samples were shipped overnight to Iowa State University where they 
were analyzed for prevalence and numbers of Salmonella, with positive 
samples tested for both virulence and antibiotic resistance. Data were 
analyzed in SAS using the GLM procedure with feeding treatment as 
the main effect and significance considered at P ≤ 0.05. Feeding XPC 
significantly reduced (P < 0 .0001) Salmonella prevalence compared 
with CON (6.96% vs. 32.41%, respectively). A significant reduction (P 
< 0.0001) was also observed for Salmonella numbers in XPC fed birds 
vs. CON (25.56 vs. 255.91 cfu/g, respectively). Positive samples were 
measured for virulence and resistance to the antibiotics florfenicol, ceft-
iofur and enrofloxacin. Salmonella virulence was measured by a human 
cell culture invasion assay. Virulence was significantly lowered (P = 
0.0002) in isolates from XPC birds compared with CON birds (0.16 vs. 
1.18%, respectively), representing a 7-fold reduction in virulence. Total 
antibiotic resistance was significantly lowered (P = 0 .038) in isolates 
from XPC birds compared with CON (1.53 vs. 8.17%, respectively). 
The addition of XPC resulted in a significant reduction in Salmonella 
prevalence and numbers . Salmonella recovered from XPC birds were 
7 times less likely to cause illness in a downstream host and are more 
likely to be susceptible to antibiotics . These data suggest that the addi-
tion of Original XPC to the diet is an effective pre-harvest intervention 
for Salmonella in broilers .

Key Words: Salmonella, virulence, antibiotic resistance, broiler, 
XPC

82   The effects of feeding Diamond V Original XPC on produc-
tion performance parameters and Salmonella prevalence and 
numbers in commercial broilers. Hilary O . Pavlidis*1, Sharon 
Heins-Miller1, Paul T . Price1, Steve A . Carlson2, and Douglas P . 
Smith1, 1Diamond V, Cedar Rapids, IA, 2Department of Biomedi-
cal Sciences, Iowa State University College of Veterinary Medicine, 
Ames, IA.

A trial was conducted with a vertically integrated broiler company to 
evaluate the efficacy of feeding Diamond V Original XPC on production 
parameters such as body weight, feed conversion and livability, as well as 
Salmonella prevalence and numbers . In this study, 4 paired commercial 
broiler houses on 2 different farms were evaluated; 2 houses were fed a 
diet that contained 1.25 kg/MT of Original XPC (XPC), and 2 houses 
were fed a typical basal diet (CON). Placement numbers averaged 
23,750 birds per house (n = 95,000 total) and birds were reared to an 
average age of 49 d. Production performance parameters (body weight, 
feed conversion, livability) were measured between CON and XPC fed 
flocks. Body weight in XPC-fed flocks averaged 2.985 kg compared 
with CON flocks at 2.867 kg, a difference of 0.118 kg. Feed conver-
sion was adjusted to a constant body weight of 2.722 kg in accordance 
with company standards, and XPC-fed flocks averaged 1.702 versus 
1 .800 in CON birds for a difference of 0 .098 points in adjusted feed 
conversion. Livability was reported at 97.51% for CON fed flocks and 
96.72% for XPC-fed flocks. Ceca samples were collected from indi-
vidual birds from each house before processing and samples (n = 240) 
were sent overnight to Iowa State University where they were analyzed 
for Salmonella prevalence and numbers . Salmonella prevalence was 
reduced (P < 0.059) for XPC-fed flocks compared with CON (1.67% 
vs. 8.89%, respectively). The total numbers of Salmonella were also 
reduced (P < 0.0522) in XPC-fed flocks compared with CON (0.48 
vs. 7.39 cfu/g, respectively). The addition of Original XPC resulted 
in an improvement of production parameters such as body weight and 
feed conversion while also reducing the prevalence (81%) and number 
(93.5%) of Salmonella pre-harvest .

Key Words: Salmonella, XPC, broiler, body weight, feed conversion
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83   Chemical characteristics of soybean meals available in the 
European Union market: A 2015 survey. P . Guzmán, L . Cámara, 
P . García-Rebollar, R . Lázaro, and G . G . Mateos*, Departamento de 
Producción Agraria, Universidad Politécnica de Madrid, Madrid, 
Spain.

The aim of this research was to determine the chemical composition and 
nutritive value of soybean meals (SBM) from beans of different origins 
collected in the European Union in 2015 . Based on a previous survey 
conducted from 2008 to 2014, we hypothesized that the SBM from the 
different countries could show differences in chemical composition, 
protein quality, and nutritional value. In total, 40 SBM samples from 
USA (n = 14), Brazil (BRA; n = 15), and Argentina (ARG; n = 11) 
were collected at random from 5 key feed compounders and analyzed 
for proximal components, minerals, sugars, fibers, amino acids (AA), 
and protein quality. SBM from BRA had more CP, CF, and NDF and 
less sucrose content than the SBM from the USA and ARG (P < 0 .001) . 
Raffinose content was lowest in USA SBM (P < 0 .001) . Calcium (P < 
0.01) content was higher for the USA SBM than for the ARG and BRA 
SBM whereas P level was higher (P < 0 .001) in SBM from ARG than in 
SBM from USA or BRA. In general, the profile (% CP) in indispensable 
AA was better for the USA meals than for the BRA meals, with ARG 
meals being intermediate . In fact, Lys (P < 0 .01), Met (P < 0 .001), Cys 
(P < 0 .001), and Trp (P < 0.01) contents per unit of CP were higher in 
USA and ARG SBM than in BRA SBM . Moreover, PDI (P < 0 .001) and 
KOH solubility (P < 0.001) values were higher and heat damage index 
(P < 0 .001) and urease activity (P < 0.01) were lower in the USA meals 
than in the ARG and BRA meals. However, no differences among origins 
were detected for TIA. In general, the data of the present annual survey 
are in agreement with data reported in a previous research conducted in 
Europe from 2008 to 2014, involving 515 SBM samples . In conclusion, 
in isoproteic SBM samples, protein quality indicators, levels of fiber and 
sucrose, and AA profile, favor the use of USA meals in poultry feeding. 
The origin of the meals should be specified in feed tables for accurate 
and precise formulation of poultry diets .

Key Words: bean origin, chemical analysis, soybean meal

84   Feeding program and pelleting affects broiler performance. 
Vinícius Gonsales Schramm*1, Andréia Massuquetto1, Jean Fagner 
Durau1, Josiane Carla Panisson1, Vivian Izabel Vieira1, Diego Surek2, 
Everton Luís Krabbe2, and Alex Maiorka1, 1Federal University of 
Paraná, Curitiba, Paraná, Brazil, 2Embrapa Suínos e Aves, Concór-
dia, Santa Catarina, Brazil.

The objective of the present study was to evaluate the effects of feed-
ing program and feed processing on performance of growth broilers. 
Male Cobb500 broilers (768) from 21 to 35 d of age were distributed 
in a completely randomized design with 6 treatments and 8 replicates 
of 16 birds each . Treatments consisted of mash diet provided ad libi-
tum (control), pellet ad libitum or provided according to different feed 
programs (100, 95, 90 and 85% of the amount consumed by the control 
treatment). Broilers were fed the same diets until 16 d of age and after 
4 d of adaptation started to intake the experimental diets with 21 d of 
age. Feed intake (FI), body weight gain (BWG) and feed conversion 
ratio (FCR) corrected for the weight of dead birds were determined. 
Data were submitted to ANOVA and the means were compared by the 
Dunnett test at 5% probability using mash as control. For pellet diets 
provided 100, 95, 90 and 85% of control were performed regression 

analysis . Broilers fed pellet diet ad libitum had greater FI and BWG (P 
< 0.01) than control treatment. When there was restriction of consump-
tion, birds fed pellet had lower BWG (P < 0 .01) than control . Regarding 
FCR, there was difference only between the pellet diet ad libitum and 
control . For pellet diets using different feeding programs, as the feed 
restriction increased, BWG decreased linearly (P < 0 .01; Table 1) . 
Therefore, pellet diets improve broiler performance . Feed restriction 
affected BWG but not FCR .

Table 1. Feed program and processing on growth broiler performance

Treatment Feed intake (g) BW gain (g)1
Feed conversion 

ratio (g/g)
Mash (control) 1,902 1,240 1,532
Pellet ad libitum 2,108* 1,447* 1,442*
P100% of control 1,900 1,231 1,545
P95% of control 1,805* 1,191* 1,516
P90% of control 1,710* 1,132* 1,510
P85% of control 1,615* 1,067* 1,511
P-value <0 .0001 <0 .0001 <0 .0001
CV 9 .089 10 .234 3 .066
*Differed from control (P < 0 .05) by Dunnett’s test .
1Linear effect for the different feed programs (P < 0 .01); y = 0 .0121x 
+ 0 .0395; R2 = 0 .9996 .

Key Words: bird, feed intake, feed restriction, pellet, processing

85   Withdrawn

86   Withdrawn

87   Proteomic characterization and the nutritive potential 
of hatchery egg shell membrane. Narayan C . Rath*1, Rohana 
Liyanage2, Sarbjeet K . Makkar3, and Jackson O . Lay Jr .2, 1USDA-
ARS, Fayetteville, AR, 2Statewide Mass Spectrometry Facility, 
University of Arkansas, Fayetteville, AR, 3Department of Poultry 
Science, University of Arkansas, Fayetteville, AR.

Egg shells constitute a significant part of hatchery waste, largely com-
prising of calcareous shells, membranes, and microbial contaminants . 
Based on proteomic analyses of egg shell membranes and their beneficial 
effect as nutritional supplement of poultry diet, we were interested to 
explore the protein constituents of hatchery egg shell membrane (HESM) 
for its potential use as feed supplement. The hatchery waste egg shells 
were dried and the membranes were pulverized using a mill. The mem-
brane powders were subjected to extraction by 2 methods: (a) acidified 
aqueous methanol used to extract the peptides and small protein frag-
ments then identified by matrix assisted laser desorption ionization time 
of flight (MALDI-TOF) mass spectrometry and liquid chromatography-
tandem mass spectrometry (LC-MS/MS) and (b) by extraction with a 4 
M guanidine hydrochloride buffer, a chaotropic extractant, to identify 
rest of the soluble proteins. Both extracts were dialyzed through 1-kDa 
membrane against ammonium bicarbonate and subjected to reduction 
and alkylation followed by in solution digestion with trypsin followed 
by mass spectrometry . The results from 2 separate replicate analyses 
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were analyzed by Skyline and DAVID bioinformatics program for func-
tional annotations and quantitative abundance. The results showed the 
presence of over 200 proteins and peptides belonging to antimicrobial, 
structural matrix, cell and enzyme regulatory categories . Besides, the 
HESM also contained several proteins of blood, bacterial and a parasite 
Eimeria necatrix origins . These results suggest that the HESM can be 
a high value feed supplement not only because of its bioactive peptide 
and protein content but also due to its microbial remnants, which may 
help develop immunity to pathogens during post hatch development .

Key Words: hatchery waste, eggshell membrane processing, pro-
teomics, mass spectrometry

88   Effect of sampling location on L* values and pH mea-
surements and their relationship in broiler breast fillets. Hong 
Zhuang* and Brian Bowker, US National Poultry Research Center, 
Athens, GA.

Lightness (CIELAB L*) and pH values are the most widely measured 
quality indicators for broiler breast fillets (pectoralis major). Measure-
ment of L* values with a spectrophotometer can be done through 
specular component included (SCI) or specular component excluded 
(SCE) modes. The intra-fillet location and measurement time used to 
collect L* and pH of broiler fillets vary between laboratories. There is 
also a lack of comparison between SCI L* and SCE L* values for broiler 
fillets. This study investigated the effects of sampling location on L* 
and pH values of breast fillets, and the relationship between the 2 color 
collection modes and with pH. In each of 6 independent replications, 30 
breast fillets (deboned at 6–8 h PM) were collected from a commercial 
broiler processing plant. Meat color (dorsal side) was measured using a 
Minolta CM-2600d spectrophotometer at 3 different locations (cranial 
end, center, and caudal end). pH was measured with a spear probe at 
2 different locations at the cranial end. Means separation between the 
locations was conducted with a paired t-test and Pearson correlation 
coefficients were calculated. Data showed that there were no differences 
between the locations for L* and pH in 5 out of 6 replications (P > 0 .05) . 
For L* values, the only significant difference noted between the cranial 
end and caudal end was less than 1.5 units. The only significant loca-
tion difference for pH was 0.05 units. Overall, the L* values from SCI 
mode were consistently higher than those from SCE mode; however, 
the differences were less than 0.2 units and the correlation coefficient 
between the modes was greater than 0.99. Differences in the correlation 
coefficients between SCI L* or SCE L* values with pH were minimal 
(less than 0 .03) . These results indicate that taking one measurement at 
the center location of fillets for L* values and one at the cranial end for 
pH is sufficient for the assessment of broiler fillet quality. Either SCI 
or SCE mode can be used to collect L* values from broiler fillets and 
correlated with pH without affecting the overall results.

Key Words: broiler meat color, L*, pH, specular component 
included (SCI), specular component excluded (SCE) 

89   The effects of fermentation and enzymatic predigestion 
of pea on nutrient digestibility in broilers. Farshad Goodarzi 
Boroojeni*1, Martin Senz2, Krzysztof Kozlowski3, Klaus Männer1, 
Denise Rose4, and Jürgen Zentek1, 1Department of Veterinary 
Medicine, Institute of Animal Nutrition, Freie Universität Berlin, 
Berlin, Germany, 2Department Bioprocess Engineering and Applied 
Microbiology, Research and Teaching Institute for Brewing in Berlin, 
Institute of Biotechnology and Water, Berlin, Germany, 3Department 
of Poultry Science, Faculty of Animal Bioengineering, University 
of Warmia and Mazury in Olsztyn, Olsztyn, Poland, 4Department of 
Food Biotechnology and Food Process Engineering, Berlin Univer-
sity of Technology, Berlin, Germany.

The anti-nutrients in pea have limited its use in poultry diet . Fermentation 
with probiotics and enzymatic predigestion may offer an interesting per-
spective to improve the nutritional quality of pea. This study examined 
the effects of different inclusion levels of raw, fermented or pre-digested 
peas on nutrient digestibility in broilers. For the fermentation, pea was 
mixed with water (1:1) containing 2.57 × 108 Bacillus subtilis (GalliPro, 
Chr. Hansen, Denmark) spores/kg pea and then fermented for 48 h at 
30°C. For the predigestion, pea was soaked in water (1:1) containing 3 
enzymes, AlphaGal (α-galactosidase, Kerry, USA), Ronozyme ProAct, 
and VP (protease and pectinases, respectively, DSM, Switzerland), and 
incubated for 24 h at 30°C. Nine corn-wheat-soy diets were formulated 
by supplying 10, 20, and 30% of the protein with raw, fermented and 
predigested peas. The performance was recorded and the apparent ileal 
digestibility of Ca, P, K, protein, AAs and fat were measured at d 35. 
Data were subjected to ANOVA using the GLM procedure. Both types 
of processes reduced the raffinose equivalents, trypsin inhibitor, phytate 
and resistant starch . Increasing level of pea products reduced BWG and 
FI . Broilers fed pre-digested pea had the best FCR at d 35 (P ≤ 0.05). 
Both processes had an identical effect on ileal digestibility of all nutri-
ents except starch. The ileal digestibility of starch in raw pea was lower 
compared with both processed groups (P ≤ 0.05). The inclusion levels of 
products had no effect on digestibility of most nutrients . The digestibility 
of Thr, Lys and Met were higher at 30% inclusion level compared with 
10% group, whereas chickens fed 10% pea products showed highest 
digestibility of starch . In conclusion, both processes could relatively 
improve the nutritional quality of pea. Replacement of soybean by pea 
products at less than 20% inclusion level might have no negative effects 
on the nutrient digestibility and growth performance. These indicate the 
feasibility of both processes for improving the nutritional quality of pea 
as a partial replacement for soybean in broiler feed .

Key Words: fermentation, enzymatic predigestion, pea, nutrient, 
broiler
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90   Evaluating laying hen EEGs in response to environmental 
stressors during ventilation shutdown (VSD) for the development 
of humane methodologies used for mass depopulation amid a 
disease outbreak. Kenneth E . Anderson*1, Kimberly A . Livingston1, 
Sanjay B . Shah1, Michael P . Martin1, Krista N . Eberle1, Ramon D . 
Malheiros1, Jason A . Osborne1, and Wallace D . Berry2, 1North Caro-
lina State University, Raleigh, NC, 2Auburn University, Auburn, AL.

In 2015, the egg industry was challenged with the worst highly patho-
genic avian influenza outbreak in US poultry history. Timely and humane 
depopulation was identified as a critical measure to contain the outbreak. 
Current depopulation methods, including CO2 kill carts, CO2 injection, 
and fire-fighting foam, were quickly overwhelmed and prolonged suffer-
ing of infected birds. The objective was to examine the humane aspects 
and effectiveness of ventilation shutdown (VSD) for depopulating caged 
laying hens by evaluating EEG, environmental parameters, behavior, and 
stress physiology . Four chambers 3 .4 ft3 were constructed to represent 
industry standards for cage facilities . The treatments VSD, VSD+Heat 
(VSDH), VSD+CO2 (VSDCO), and VSD+Heat+CO2 (VSDHCO) were 
repeated 4 times with one hen/chamber. EEG electrodes were affixed 
to the hens to monitor brain activity. Data was analyzed with GLM 
with full factorial effects for CO2 and heat were fit to each of several 
response variables and all pairwise comparisons used Tukey’s HSD. 
The transformed EEG analysis used the integral area under the curve 
calculated using the trapezoid method, using a NPARM analysis . The 
chamber temperature, % CO2, and % RH similar at the start averaging 
89°F, 0.22% and 31.6%, respectively. The VSDH temperature was higher 
at 107°F (P < 0 .0001) and VSDCO, and VSDHCO had the highest 
CO2% at 34.4 and 31.5%, respectively. RH increased (P < 0 .0004) in 
the VSD and VSDH to 62.5 and 66.0%, respectively. The starting core 
body temperature (CBT) ranged from 105.1 to 106.4°F. At time of death 
(TOD) the CBT was highest (P < 0.0001) for VSD (113.1°F) and VSDH 
(115.3°F). The time to reach TOD was longest in the VSD at 5,497 s 
followed by VSDH, VSDCO, and VSDHCO the lowest at 552 s. Hen in 
the VSD treatment spent 82% of their time in an insensible (0–0.01mV) 
range whereas the VSDH, VSDCO and VSDHCO were at 56, 65, and 
65%, respectively. The integral area under the curve for all 4 treatments 
were not significantly different (P = 0 .2007) . The conclusion is there is 
no significant difference between the methods other than TOD.

Key Words: laying hen, cages, depopulation, ventilation shutdown

91   The effect of chronic ammonia exposure on plasma physi-
ological parameters of laying hens. Yanan Wu*1, Fei F . Yan1, 
Christina M . Tucker3, Angela R . Green3, and Hengwei W. Cheng2, 
1Department of Animal Sciences, Purdue University, West Lafayette, 
IN, 2USDA-ARS, Livestock Behavior Research Unit, West Lafayette, 
IN, 3Department of Agricultural and Biological Engineering, Univer-
sity of Illinois, Champaign, IL.

Gaseous ammonia (NH3) concentrations greater than 25 ppm have 
adverse health effects and reduce production performance in laying hens . 
A previous study in our lab found some immunological parameters, such 
as immunoglobulin M (IgM) and complement 4 (C4), were reduced in 
laying hens exposed to 30 ppm atmospheric NH3 for 25 wk. The objec-
tive of this study was to determine the effect of chronic NH3 exposure 
on plasma physiological and immune parameters in laying hens . At 18 
wk of age, Hy-line W-36 hens were randomly assigned to 4-bird cages 

and evenly distributed between 2 environmentally controlled chambers. 
Hens were allowed 7 wk to acclimate to their new housing arrangement. 
At 25 wk of age, one of the chambers began injection to maintain NH3 at 
30 ppm for 45 wk and the other chamber was maintained continuously 
with fresh air (<5ppm NH3). Blood samples were collected at 70 wk of 
age (n = 8). Plasma acute phase protein [α-1-acid glycoprotein (AGP) 
and albumin (ALB)], pro-inflammatory cytokines [interleukin 6 (IL-6) 
and IL-10], complement components (C3 and C4), and immunoglobulin 
(IgG, IgM, and IgA) were measured using commercial ELISA kits. Data 
were analyzed using one-way ANOVA and means were separated (P 
< 0.05) using least significant differences. Compared with the hens in 
fresh air, there were no treatment effects on any measured parameters 
in NH3 exposed hens . The current results suggest that NH3 exposure at 
30 ppm for 45 wk does not affect biological homeostasis in laying hens, 
based upon these measured physiological and immune parameters . The 
results indicate that hens may have the capability to adapt to the chronic 
stimulation as compared with hens exposed to NH3 for shorter durations .

Key Words: ammonia, acute phase protein, pro-inflammatory cyto-
kines, immunoglobulin, laying hen

92   Dietary supplementation of Original XPC to reduce stress 
in heat stressed and non-heat stressed broilers. Paul T . Price*1,3, 
Hilary O . Pavlidis1, Donald R . McIntyre1, James A . Byrd2, and 
Gregory S . Archer3, 1Diamond V, Cedar Rapids, IA, 2USDA-ARS, 
College Station, TX, 3Texas A&M University, College Station, TX.

Reduction of stress is an important factor in improving poultry welfare 
especially during periods of heat stress. A study was conducted to 
evaluate the effects of feeding Diamond V Original XPC to broilers 
reared under ambient or heat stress temperatures . Dietary treatments 
included T1, control feed (CON); T2, XPC added to the feed at 1 .25 
kg/MT (XPC); and T3, XPC fed at 2.0 kg/MT (XPC2). Half the birds 
in each dietary treatment were subjected to either no heat stress (70°F 
constant) or heat stress (95°F:70°F for 18:6 h daily) from 28 to 42d. At 
the end of the heat stress period, blood was collected from 40 birds/T. 
Blood was analyzed for plasma corticosterone (CORT), plasma HSP70 
(HSP70), and heterophil:lymphocyte ratios (HL) . At 42 d, bilateral 
metatarsal traits were also measured in 40 birds/T to assess physical 
asymmetry. Hocks and footpads were also scored as a measure of bird 
welfare. Birds fed either XPC or XPC2 had significantly lower CORT 
levels than CON (5129 ± 617 and 4660 ± 510 pg/mL vs. 8433 ± 730, 
respectively, P < 0.001). Physical asymmetry scores were also higher 
(P < 0.001) in CON compared with XPC and XPC2 fed broilers (1.50 ± 
0.13 vs. 0.54 ± 0.05 and 0.61 ± 0.07, respectively). And HL ratios were 
significantly greater in CON than for XPC and XPC2 birds (0.81 ± 0.05 
mm vs . 0 .62 ± 0 .05 mm and 0 .61 ± 0 .05 mm, respectively, P < 0 .01) . 
No differences were observed between CON broilers and those fed XPC 
in HSP70 (5.15 ng/mL, P > 0.05). However, heat stress did increase 
(P < 0.001) HSP70 (5.65 ± 0.12 vs. 4.78 ± 0.11 ng/ml, for heat stress 
and non-heat stress, respectively). Feeding XPC did not significantly 
influence footpad or hock scores because all treatment scores were 
acceptable. Feeding XPC to broiler chickens improved animal welfare 
via reduced stress indicators while under heat stress or non-heat stress 
conditions . These results indicate that XPC may be used as a means to 
improve the poultry welfare by reducing stress susceptibility.

Key Words: broiler, stress, physical asymmetry, XPC
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93   The effects of dietary n-3 fatty acids on commercial broiler 
bird bone health. Isa Ehr*1, Samaneh Azapajouh1, Elizabeth 
Bobeck1, Brian Kerr2, Cheryl Morris1, Kenneth Stalder1, Nicho-
las Gabler1, and Anna Johnson1, 1Iowa State University, Ames, IA, 
2USDA-ARS, Ames, IA.

Current research suggests that n-3 (omega-3) fatty acids, such as those 
found in flaxseed and fish oils are beneficial to laying hen bone health. 
However, little is known about n-3 effects on broiler bird bone health. 
Therefore, an experiment was conducted over 4 consecutive weeks to 
determine the effects of (1) a control diet consisting of a basal diet with 
no supplemental n-3 source (2) basal diet + flaxseed oil (4% total n-3 
consisting of α-linolenic acid) and (3) basal diet + fish oil (4% total n-3 
consisting of 18% eicosapentaenoic acid and 12% docosahexaenoic 
acid) on broiler bone health. The experiment was a randomized com-
plete block design with pen as the experimental unit [4 male Ross birds 
(871 cm2/broiler) per pen]. There were 20 replications for lameness and 
bone palpation, and 10 replications (one bird per pen) for bone mineral 
density (BMD). Lameness and bone palpation was observed weekly, 
and birds were assigned a score. For lameness, a score of 2 = the bird 
walked normally and a score of 5 = the bird was nonambulatory and 
was removed from the trial. For bone palpation, a score of 2 = keel, 
long, and wing bones were normal, and a score of 5 = one bone was 
sigmoid and/or broken. At the end of wk 4, birds were euthanized and 
DEXA scanned to determine whole-body BMD (g/cm2). Lameness and 
keel score data were analyzed using PROC GLIMMIX and BMD data 
were analyzed using PROC MIXED of SAS with a P ≤ 0.05 considered 
significant. Lameness scores did not differ between dietary treatments 
(P = 0.97), week (P = 0 .36) or the interaction (P = 0 .98) . Keel palpa-
tion did not differ between dietary treatments (P = 0.97), week (P = 
0 .97) or the interaction (P = 0.99). There was a trend for birds feed 
flaxseed oil to have a higher BMD compared with control and fish oil 
respectively (P = 0.06). In conclusion, birds were not considered lame, 
nor did they display bone deformities. Flaxseed oil may have benefit 
to broiler bone health .

Key Words: broiler, n-3 fatty acids, welfare

94   Effects of UV light on broiler behavior. Rachel L . Dennis* 
and Antonia Patt, University of Maryland, College Park, MD.

Chickens are tetrachromatic (perceive UV as well as the visible spec-
trum of colors) . Birds use the UV spectrum to identify social cues 
and discriminate between foodstuffs. In wild birds, UV lighting can 
alter behavioral displays . The present study investigated the effect of 
UV light on broiler behavior, including fearfulness, feeding behavior, 
and lighting preference. All birds were maintained in 9-bird pens and 
exposed to the same white (visible) lighting schedule as well as one of 
the following UV lighting treatments: continuous UV, early UV exposure 
(wk 1–4), late UV exposure (wk 5–6), white light only (controls; n = 
12). In-pen behaviors were measured for feeding behaviors, fearfulness 
was investigated using isolation and flight distance tests, and lighting 
preference was testing for both spectrum and intensity. In-pen behaviors 
showed that while UV lights were on, less foraging behavior was seen 
(P = 0.04), and birds that had early UV exposure to UV were seen to 
spend more time eating while UV lights were on (P = 0 .04) compared 

with controls. Latency to vocalize in isolation tended to be shorter 
in UV birds compared with control (P = 0 .09) . Differences in 1st (P 
= 0 .01) and 3rd (P < 0.0001) quartile frequencies indicate a higher 
energy distribution in calls of UV compared with control birds. Flight 
distance was shorter in UV birds compared with controls. In a 4-arm 
maze spectral preference test (consisting of UV, white, both, and no light 
arms), UV birds spent more time in the arm providing UV light (P = 
0.04) compared with control birds. Birds did not differ in their prefer-
ence for UV light intensity. However, early UV exposed birds showed 
a preference for lower white light intensity (P = 0.02), whereas late UV 
exposed birds showed a preference for higher white light intensity (P 
= 0.01) compared with controls. Our results show that birds exposed 
to UV light are more fearful during social isolation, but less fearful of 
humans than control birds, and have altered lighting preferences . These 
findings show the need for more research into the effect of UV lighting 
on broiler well-being.

Key Words: ultraviolet, broiler, behavior, lighting

95   Practical assessment and management of footpad dermati-
tis in broiler chickens. Jesse M . Hunter*1, Douglas R . Korver1, Sven 
M . Anders1, Trever G. Crowe2, and Clover J . Bench1, 1University 
of Alberta, Edmonton, AB, Canada, 2University of Saskatchewan, 
Saskatoon, SK, Canada.

Footpad dermatitis (FPD) is a skin condition in broiler chickens that 
affects both welfare and marketability of footpads. There have been 
no published studies benchmarking FPD or precipitating management 
factors in Alberta, Canada. The objectives were to (1) benchmark FPD 
incidence in Alberta broiler flocks, (2) compare on-farm, processor 
and post-processing footpad assessment methods, and (3) determine 
on-farm best management practices that result in the highest footpad 
quality. Eight Alberta broiler producers were surveyed at the end of 
each of 4 flock production cycles (d 35–38; Jan. to Sept. 2015; n = 32). 
During each on-farm visit, a flock management survey was conducted 
and 200 live birds scored for FPD using a 4-pt scale (0 = no lesions to 
3 = severe lesions). After each visit, footpads were assessed twice at 
processing: 1) using the same 4pt scale, and 2) for the percentage of 
blemished feet on the processing line over 3 1-min periods . Average 
flock footpad scores were compared using a generalized linear mixed 
model with flock as the experimental unit. Pearson’s rank correlations 
were used to compare FPD scoring methods. Student’s t-tests assessed 
on-farm FPD scores across producer management practices . Prevalence 
of on-farm FPD was 29.34% ± 7.59 (LS Means ± SEM). These results 
indicate there is large variability in FPD across Alberta broiler flocks. 
On-farm and post-processing scores were strongly correlated (r = 0.90; 
P < 0.001), while on-farm and processor scores were less well correlated 
(r = 0 .78; P < 0.001). Straw litter (mean FPD score: 40.6%) and litter 
depths >12 cm (46.4%) were associated with higher FPD prevalence 
compared with other litter types (6.4%) and depths <12 cm (24.0%; P 
< 0.05). Overall, our findings suggest that on-farm self-assessment of 
FPD will allow producers to monitor and manage important factors 
related to footpad health, resulting in improved broiler welfare and 
marketability of footpads .

Key Words: footpad dermatitis, broiler, Alberta, welfare



Poult. Sci. 95(E-Suppl. 1)32

Student Competition: Immunology, Health, and Disease II

96   Effects of Salmonella infection on gene expression of nutri-
ent transporters and an antimicrobial peptide in young broiler 
chicks. Javier S . Garcia*1, James A . Byrd2, and Eric A . Wong1, 1Vir-
ginia Tech, Blacksburg, VA, 2USDA, ARS, Southern Plains Agricul-
tural Research, College Station, TX.

Salmonella is a major human foodborne pathogen that is able to colonize 
and proliferate in the gastrointestinal tract of chickens. In this study, we 
evaluated the effect of a Salmonella infection on the gene expression 
of the antimicrobial peptide (LEAP2) and the transporters for neutral/
cationic (b°+AT) and anionic (EAAT3) amino acids, monosaccharides 
(GLUT2), and zinc (ZnT1) in the intestines of young broiler chicks . 
Two hundred broiler chicks were divided into 4 groups of 5birds each. 
On day-of-hatch, all chicks within one group were challenged with 1 of 
3 Salmonella Typhimurium levels (106, 107, 108 cfu) while the control 
group was challenged with sterile saline. On d 1 through 7, 6 chicks from 
each group were randomly selected and subjected to necropsy. Tissue 
samples from the duodenum, jejunum, ileum and ceca were collected. 
Total RNA was extracted and gene expression was determined using 
Real-time PCR. At d 1, EAAT3 was downregulated in the 107 group 
compared with control in the duodenum and ceca. Also at d 1, LEAP2 
was downregulated in the 108 group compared with control in the duo-
denum and jejunum; however, by d 7, LEAP2 was upregulated in the 108 
group compared with control in the jejunum. Furthermore, at d 7, ZnT1 
was upregulated in the 108 group compared with control in all tissues 
examined and GLUT2 was downregulated in the 107 and 108 groups 
compared with control in the ileum and ceca. In conclusion, Salmonella 
infection induced both temporal and tissue-specific changes in gene 
expression. Downregulation of the antimicrobial peptide LEAP2 and 
the anionic amino acid transporter EAAT3 were early events following 
Salmonella infection; whereas the upregulation of the zinc transporter 
ZnT1 and downregulation of the monosaccharide transporter GLUT2 
were later events.

Key Words: Salmonella, broiler, gene expression, zinc transporter, 
LEAP2

97   Effects of oral administration of Salmonella enterica 
serovar Enteritidis cytokine expression and growth performance 
in immunoglobulin knockout chickens. Kevin J . Bolek* and Kirk 
C . Klasing, University of California, Davis, Davis, CA.

An experiment was conducted to determine the effects of an oral infec-
tion using Salmonella enterica serovar Enteritidis (SE) on cytokine 
expression in immunoglobulin knockout (KO) chicken lacking both B 
cells and immunoglobulin. A 2 × 2 factorial arrangement was utilized, 
with genotype (KO or heterozygote) and infection status (oral gavage 
with SE or sham gavage with PBS) designated as factors. A total of 31 
KO chickens and 39 immunocompetent heterozygotes were placed in 
individual cages at 21 d of ages of age . At 28 d of age, 20 heterozy-
gotes and 16 KO birds were orally gavaged with 1 × 1010 cfu of SE 
suspended in 1 mL of PBS. Spleen samples were collected at 2 and 15 
d post inoculation. The expression of the cytokines IFNγ, IL1β, IL6, 
and IL10 were measured using qRT-PCR. Body weight gain and feed 
intake were measured from 28 to 43 d of age. Data were analyzed by 
generalized linear model (JMP software, Cary, NC) using ANOVA. 
No significant differences in feed intake or growth performance were 

observed . Previous data demonstrated that KO chickens have a higher 
body weight gain from 35 to 43 d of age when vaccinated with keyhole 
limpet hemocyanin (Bolek and Klasing, unpublished data). However, 
the oral SE challenge in this case may have not been sufficient to cause 
significant effects on growth. No significant differences were observed 
in the expression of splenic cytokines. A previous study using a lower 
dose (1 × 108) of SE elicited significant differences in splenic cytokine 
expression when pooled across data collected at 7 and 14 d post-inoc-
ulation (Bolek and Klasing, unpublished data) . This suggests that the 
SE challenge in this case was not sufficient to elicit a difference in the 
expression of splenic cytokines . This may be because the oral challenge 
was sufficiently controlled at the gut level and did not elicit a systemic 
response in this instance . These data suggest that a lack of B cells an 
immunoglobulin may not be of paramount importance in controlling an 
initial oral challenge with Salmonella Enteritidis in chickens .

Key Words: cytokine, heterozygote, immunoglobulin, knockout, 
Salmonella

98   Indigestible protein fraction and not protein level affects 
infectious mortality in coccidiosis-vaccinated broiler chickens. 
Rachel K. Savary*, Dervan D. L. S. Bryan, Jenny A. Fricke, Andrew 
G . Van Kessel, and Henry L . Classen, University of Saskatchewan, 
Saskatoon, SK, Canada.

High protein diets are often linked to the development of necrotic 
enteritis (NE) in broiler chickens, but the influence of dietary protein 
can be confounded by the level and nature of indigestible protein . The 
objective of this research was to compare the effects of sex (male or 
female), crude protein level (CP; 24, 26, or 28%) and indigestible pro-
tein (IP) fraction (low, LIP or high, HIP) on the health of 4,176 broilers 
raised in litter floor pens to 5 wk of age, and vaccinated in feed and 
water on d 5 with Coccivac-B52 (Merck Animal Health). The trial was a 
completely randomized design in a 2 × 3 × 2 factorial arrangement, and 
each treatment was assigned to one pen in each of 6 rooms. The LIP and 
HIP diets contained different protein sources but all diets contained the 
same level of digestible methionine and no medication, and met broiler 
grower nutrient specifications. Dead and culled (mortality) birds were 
recorded daily and necropsied. Causes of mortality were analyzed with 
SAS 9.4 with significance at P ≤ 0.05. Total flock mortality (10.75%) was 
divided into infectious, non-infectious heart associated, non-infectious 
skeletal, other, and unknown categories representing 7.38, 0.89, 0.12, 
0.48 and 1.89% of broilers placed, respectively. Infectious mortality was 
grouped into yolk sac infection, coccidiosis (CO), NE, and systemic 
infection (SI) subcategories representing 0.55, 0.69, 2.04, and 4.09% of 
broilers placed, respectively . A sex by CP interaction (P < 0.05) reflected 
increased total mortality in male (16.79%) but not female (5.39%) birds 
fed 28% CP. Diets with LIP increased infectious mortality (9.11 vs 
5.69%), associated with increased CO (1.03 vs 0.39%) and SI (4.98 vs 
3.23%) compared with HIP. More males died than females (13.84 vs 
7.69%) from overall infectious causes (9.62 vs 5.18%), as well as CO 
(1.01 vs 0.41%) and SI (5.43 vs 2.79%). The IP fraction affected infec-
tious mortality in coccidiosis-vaccinated broiler chickens but protein 
level did not. However, protein source had a potentially confounding 
effect on IP fraction, which requires further investigation.

Key Words: coccidiosis, necrotic enteritis, antibiotic-free
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99   The effect of an anticoccidial vaccination on body weight, 
oocyst counts, and iNOS activity in broiler chicks. Stephanie 
Hutsko*, Macdonald Wick, and Michael S . Lilburn, The Ohio State 
University, Columbus, OH.

The poultry industry is increasing the move to anticoccidial vaccines in 
different production systems as the number of available coccidiostats 
declines. In this study, we characterized the pattern of oocyst shedding 
in broilers that either received a commercial anti-coccidial vaccine (n 
= 480; VAC) at a day or age or were not vaccinated (n = 480; CON). 
The experimental design was a complete randomized block design 
and birds were assigned to one of 2 rooms with 24 replicate pens per 
room. Birds were placed in floor pens according to vaccination status 
with 24 replicate pens per treatment. Body weight (g) per pen was 
determined and feces was collected on d 7, 14, 21 and 28 to calculate 
oocyst numbers and serum was collected from 2 birds per pen on d 24 
to determine iNOS as an indices of nitric oxide production . Statistical 
analysis were performed using the PROC MIXED procedure of SAS 
for the determination of treatment effects on body weight, oocyst count 
and nitric oxide production . The mean oocyst count increased from d 
7 through d 28 with the VAC birds having higher oocyst counts than 
CON chicks at all ages (Day 28 VAC = 827, CON = 172). There was an 
overall significant effect of vaccination on body weight at 21 d (CON = 
975, VAC = 949; P = 0 .037) and 28 d (CON = 1641, VAC = 1617; P < 
0.1). There was a significant effect of vaccination on oocyst counts (P 
< 0 .001) but no effect on iNOS levels . Overall, this study suggested that 
an anti-coccidial vaccine has a significant effect on body weights and 
oocyst counts. Given that there were no significant differences between 
VAC and CON birds in iNOS levels, a vaccination concentration of 
oocysts may not be enough to elicit a clear difference in iNOS levels, 
one indirect indices of a cell mediated immune response .

Key Words: oocyst, nitric oxide, coccidia, broiler, vaccine

236   Histological characterization of the age effects associated 
with wooden breast in the pectoralis major of commercial broil-
ers. Jacqueline R. Griffin*, Michael S. Lilburn, and Macdonald Wick, 
The Ohio State University, Columbus, OH.

Within the poultry industry, successful selection for increased breast 
muscle yield in modern broilers has led to changes in muscle structure 
and function negatively affecting meat quality and consumer acceptance. 
The most severe of these muscle anomalies, predominantly affecting 
the pectoralis major (PM) is woody breast (WB). WB is defined as a 
hardened, pale breast muscle, undergoing polyphasic myodegenera-
tion, to which the cause remains unknown. The hypothesis is that the 
severity of WB increases around 14d to 21d and continues as the bird 
approaches market weight. Therefore, the objective of the current study 
was to perform a field study to characterize the age effects of WB in 
modern broilers. PM tissue samples of affected broilers, within a com-
mercial flock, were taken at 15, 29, 45, and 51 d posthatch, placed in 
Prefer, transported to the Muscle Biology Laboratory at The Ohio State 
University and subjected to histological analysis . Ten double-blinded 
replicates at each age group were designated either A, B, C, or D. 
Samples were embedded in paraffin and 4 mm sections placed on glass 
slides, dehydrated, and stained with hematoxylin and eosin. Microscopic 
images were captured, digitized and cross sectional fiber analysis was 
performed using Image J . Distinct differences in muscle morphology 
and number of fiber bundles among the groups were documented. The 
number of fibers per unit area was 79 ± 12 for group A (15 d), 26 ± 9 
for group C (29 d), 20 ± 7 for group D (45 d), and 17 ± 5 for group B 
(50 d) . These data support our hypothesis and, based on the severity of 
WB, the relative ages of each group were predicted. These progressive 
changes in muscle morphology, associated with age, suggest that the 
severity of WB may be due to age or body weight gain. Further investi-
gation into the underlying mechanisms responsible for these age effects 
could aid in determining the root cause of WB and remediation of this 
poor quality breast meat.

Key Words: pectoralis major, woody breast, meat quality, muscle 
morphology, ontogeny
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Student Competition: Metabolism and Nutrition, Nutrition II

100   Effects of dietary apparent metabolizable energy and 
amino acid density on male Cobb MX × Cobb 500 broilers from 
1 to 14 days of age. Klinton W . McCafferty* and William A . Dozier, 
Auburn University, Auburn, AL.

The Cobb 500 package represents a substantial proportion of the world 
market for broilers grown to ≤2.7 kg; however, energy and amino acid 
(AA) responses of these broilers during the starter phase are not well 
established. Two experiments were conducted with male Cobb MX × 
Cobb 500 broilers to evaluate apparent metabolizable energy (AMEn) 
and dietary AA responses on growth performance from 1 to 14 d of age. 
For both experiments (exp .), one-thousand 6 hundred broiler chicks 
were randomly distributed into 64 floor pens (25 per pen; 0.09 m2 per 
bird). All birds were randomly assigned to 1 of 8 dietary treatments with 
each treatment represented by 8 replicate pens. Dietary treatments were 
provided as a 4 × 2 factorial arrangement with AMEn (exp . 1: 2,976; 
3,020; 3,064; and 3,108 kcal/kg) (exp. 2: 2,800; 2,866; 2,932; and 
2,998 kcal/kg) and AA density (low = 92% or high = 100% of breeder 
recommendations) as the main factors . At 14 d of age, broilers and feed 
were weighed to determine growth performance objectives. In exp. 1, 
increased BW gain (P ≤ 0.001) and lower feed conversion ratios (P 
≤ 0.001) were observed for broilers receiving high AA density diets. 
However, no differences due to AMEn or AMEn × AA interactions were 
observed for BW gain, feed intake, or feed conversion ratio. Likewise in 
exp . 2, broilers receiving high AA density diets had increased BW gain 
(P = 0.047) and lower feed conversion ratios (P = 0 .003) . In contrast 
to exp. 1, broilers receiving the diets with an AMEn of 2,800 kcal/kg 
diets exhibited lower BW gain (P ≤ 0.001), feed intake (P = 0 .008), and 
higher feed conversion ratios (P ≤ 0.001) than diets formulated to the 3 
higher AMEn values . Also, no AMEn × AA interactions were observed 
for the variables measured in exp . 2 . These data indicated that AMEn 
responses of Cobb MX × Cobb 500 broilers are lower than previous 
research shows. Furthermore, these data demonstrated the importance of 
formulating to adequate AA density during the starter phase to optimize 
performance objectives .

Key Words: energy, AMEn, amino acid, broiler

101   The effects of dietary amino acids, dietary metaboliz-
able energy, and broiler strain on incidence of breast muscle 
myopathy at 42 and 58 days. Michael J . Schlumbohm*1, Katie M . 
Hilton1, Garrett J . Mullenix1, Justina V . Caldas1, Barbara A . Mall-
mann1, Judith A . England1, Antonio Kalinowski2, Casey M. Owens1, 
and Craig N . Coon1, 1The University of Arkansas, Fayetteville, AR, 
2Evonik Nutrition & Care GmbH, Hanau, Germany.

Two trials were conducted to evaluate the interaction of amino acid 
density (AA), metabolizable energy (ME), and broiler strain on the 
incidence of breast muscle myopathy. Both white striping (WS) and 
woody breast (WB) scores were determined at 42 and 58 d of age. In 
experiment one, 2 broiler strains (Line A and Line B) were fed 5 levels 
of ideal protein: 80, 90, 100, 110, and 120% of Evonik’s AMINOChick 
2 .0 recommendations . Each diet by strain combination consisted of 9 
replicates with 45 birds per rep. Similarly, in experiment 2 both broiler 
strains (Line A and Line B), were fed diets with increasing TMEn levels: 
2,800, 2,925, 3,050, 3,175, and 3,300 kcal/kg, and containing AA levels 
based on AMINOChick 2 .0 recommendations . Nine replicates of 45 

birds each were used for each diet by strain combination. In experiment 
1, at 42 d (P = 0 .0196) and 58 d (P = 0.0167) WS scores of Line B were 
significantly higher compared with Line A. Line had no effect on the 
incidence of WB at either age. Increasing dietary AA showed no effect 
on WS or WB at 42d (P = 0 .0802) or 58 d (P = 0.972). A significant line 
× diet interaction at 42 d (P = 0 .0066) and 58d (P = 0.0013) was found. 
Dietary AA levels did not affect Line A WS scores. However, WS scores 
of Line B birds fed 80% AA were significantly lower compared with 
those fed 90% AA. In experiment 2, 42 d WS scores were significantly 
higher for birds fed 3,300 kcal/kg compared with those fed 2,800 or 
2,925 kcal/kg (P = 0 .0099) . Diet did not affect WB incidence at 42 d . 
Line did not affect WS or WB and there was no line × diet interaction 
at 42 d. At 58 d, WS and WB were not affected by diet or line.

Key Words: amino acids, metabolizable energy, myopathy, white 
striping, woody breast

102   Effect of different dietary methionine supplementation 
sources on oxidative status in broiler chickens. Shuai Zhang*1, 
Behnam Saremi2, Elizabeth R . Gilbert1, and Eric Wong1, 1Virginia 
Tech, Blacksburg, VA, 2Evonik Nutrition & Care GmbH, Hanau, 
Germany.

Methionine (Met) plays an important role in the defense against oxida-
tive stress . To determine the effect of different dietary Met sources on 
oxidative status, male Cobb-500 broilers were fed from day of hatch 
to 26 d of age either with a basal diet without Met supplementation 
(control) or with Met supplementation: 0.22% dl-Met, 0.22% l-Met 
or 0.31% Met analog, dl-2-hydroxy-4-(methylthio) butanoic acid (dl-
HMTBA). Liver, breast muscle, duodenum, jejunum, and ileum were 
collected at d 10 (d10) and d26 (n = 5) . Markers of oxidative stress 
including total glutathione (TGSH), oxidized glutathione (GSSG), 
reduced glutathione (rGSH), protein carbonyl, thiobarbituric acid 
reactive substances (TBARS) and ferric reducing/antioxidant power 
(FRAP) were assayed. Data were analyzed by ANOVA using JMP 11.0 
including the main effects of treatment, age and their interactions (P 
< 0.05). Means were separated using Tukey’s test. In breast muscle, 
the l-Met and dl-HMTBA groups showed greater TGSH and rGSH 
levels compared with the control group. An interaction of treatment and 
age observed for TGSH in ileum and jejunum, for GSSG in jejunum, 
and for rGSH in ileum . Nevertheless, the ratio of rGSH to GSSG and 
GSSG to TGSH, which actually defines the oxidative status, were not 
affected by methionine source . Protein carbonyl levels varied among 
groups only in jejunum and muscle tissue . Nevertheless, these values 
are in normal physiological ranges. A change of a few hundred folds is 
necessary to produce an oxidative stress or pathophysiological situation . 
Furthermore, values of TBARS, indicator of oxidants, and FRAP values, 
reflecting antioxidant capability, were not different between groups in 
different tissues . In conclusion, different methionine sources did not 
alter oxidative status of the chickens under investigation . An increase in 
parameters like TGSH or rGSH might underpin the fate of sulfur amino 
acids in diets because to lead to an effect on oxidative stress the ratios 
of rGSH to TGSH and GSSG to TGSH should be shifted by a few folds 
to present an oxidative stress situation .

Key Words: l-Met, dl-Met, dl-HMTBA, oxidative stress, chicken
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Student Competition: Microbiology and Food Safety II

103   Evaluation of Salmonella attachment and penetration 
to broiler breast skin during exposure with/without stomach-
ing. Morgan M . Metheny*1, P . Singh2, H . C . Lee3, and I . Kang1,2, 
1Department of Animal Science, California Polytechnic State Univer-
sity, San Luis Obispo, CA, 2Department of Food Science and Human 
Nutrition, Michigan State University, East Lansing, MI, 3Department 
of Animal Science, Chonnam National University, Gwangju, Korea.

The objective of this study was to assess Salmonella attachment and 
penetration to broiler skin using stomaching, grinding, and confocal 
imaging during refrigerated storage. In the first experiment, broiler skins 
were immediately taken from eviscerated carcasses and exposed for 
0.5, 6, 12, and 48h at 4°C using a cocktail, containing green fluorescent 
protein (GFP) tagged Salmonella Enteritidis (1 × 109 cfu/mL). After each 
exposure, double-stomaching (1 min/each) and single grinding (1 min) 
were conducted to quantify loosely and tightly associated Salmonella 
on the skin, respectively. Following skin exposure to the Salmonella 
cocktail for 24 and 48 h, confocal images were taken before and after 
stomaching. Data were statistically analyzed using GLM and Duncan’s 
multiple range test at P < 0 .05 . Regardless of exposing time, 81, 13 and 
6% of Salmonella were recovered after 1st stomaching, 2nd stomaching 
and final grinding, respectively. Confocal image of Salmonella indicated 
that Salmonella cells were predominantly existing on the skin surface 
up to an average depth of 9 μm, most which were eliminated after 2 
stomaching (loosely attached). However, a few surviving cells penetrated 
to deeper areas up to an average depth of 29 μm (tightly attached). In the 
second experiment, broiler skins were subjected to either 2 min exposure 
or 2 min stomaching using the same GFP-Salmonella cocktail. Following 
exposure, Salmonella were observed on flat surfaces and inside crevices 
up to 10 and 62 μm depth, respectively, and up to 68 and 132 μm depth 
after stomaching, respectively . In confocal image, several Salmonella 
were floating in water, indicating that water in crevices might trap and 
allow bacteria to travel to deeper areas. These results indicated that 
bacterial cells need to be eliminated immediately after contamination 
on broiler carcass before tight attachment and deep penetration during 
storage and further processing .

Key Words: Salmonella attachment, penetration, confocal image, 
broiler skin, GFP-Salmonella

104   Development of rugose morphotype of Salmonella 
Typhimurium following exposure to sub-inhibitory chlorine 
concentrations that exhibit chlorine resistance and strong biofilm 
forming ability. Tomilola Obe*, Rama Nannapaneni, and Chander 
Shekhar Sharma, Mississippi State University, Mississippi State, MS.

In this study, Salmonella Typhimurium (ATCC 14028) was tested for its 
ability to adapt to sodium hypochlorite by exposing the selected strain 
to increasing concentrations of sodium hypochlorite (in increments of 
25 ppm) starting at MIC/2 in tryptic soy broth (TSB). When growth 
was observed, 100 µL of the culture was transferred to 10 mL of TSB 
containing increasing concentration of sodium hypochlorite until a 
concentration was reached where no growth was observed. Salmonella 
Typhimurium demonstrated an acquired tolerance to sodium hypo-
chlorite with adapted cells growing in concentrations up to 600 ppm 
of total chlorine in TSB whereas the non-adapted cells did not grow. 
In addition, Salmonella Typhimurium displayed a distinct rugose mor-
phology on tryptic soy agar (TSA) plates incubated at 37°C following 
exposure to lower concentrations of sodium hypochlorite starting at a 

concentration of 200ppm . Salmonella Typhimurium cells that exhibited 
tolerance to sodium hypochlorite contained a mixture of both rugose 
and smooth colonies . The stability of adaptation of both rugose and 
smooth variants to sodium hypochlorite was determined by measuring 
the MIC of sodium hypochlorite for adapted strain (both rugose and 
smooth morphologies) after storage on TSA plates without chlorine 
with a weekly transfer. Adapted rugose and smooth colonies were able 
to grow at concentrations above MIC as compared with non-adapted cells 
in the presence of chlorine. The biofilm forming ability of the adapted 
(rugose and smooth) and non-adapted Salmonella cells was examined 
using standard crystal violet assay in 96 wells polystyrene microtiter 
plates at 37°C and room temperature. The rugose cells, in contrast to 
smooth morphology (both adapted and non-adapted), showed the ability 
to form very strong biofilms (P < 0 .05) in polystyrene plates at both 
temperatures tested . The results of this study suggest that the incorrect 
application of chlorine during cleaning and sanitation could select for 
adapted Salmonella cells, which may attach strongly to plastic surfaces.

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

105   Effects of trisodium phosphate dip, hot water dip, and 
combination dip on structural changes of broiler breast skin. 
Carol Wu*1, Prangal Singh2, Hong C . Lee2, Mariane Silver2, Koo B . 
Chin3, and Ike Kang1,2, 1Department of Animal Science, California 
Polytechnic State University, San Luis Obispo, CA, 2Department of 
Food Science and Human Nutrition, Michigan State University, East 
Lansing, MI, 3Department of Animal Science, Chonnam National 
University, Gwangju, Korea.

Dipping of poultry carcass to trisodium phosphate (TSP) or hot water 
(HWD) solution is a common intervention strategy currently used at the 
poultry industry . Bacteria cells on broiler carcasses can be eliminated 
due to the direct contact of TSP or hot water in addition to structural 
changes of the broiler skin. The purpose of this study was to evaluate 
structural changes of broiler skin after TSP, HWD, and combination dip 
(COM) . At a local poultry processing plant, eviscerated broiler carcasses 
were taken from a slaughter line and immediately subjected to 1 of 4 
treatments as follows: (1) control dip (CTR): twice of tap water dip 
(TWD, 25°C/45 s), (2) trisodium phosphate dip (TSP): TWD (25°C/45 
s) followed by TSP dipping (8%/25°C/45 s), (3) hot water dip (HWD): 
TWD (25°C/45 s) followed by HWD (71°C/45 s), and 4) combination 
dip (COM): TSP dipping (8%/23°C/45 s) followed by HWD (71°C/45 
s). Scanning electron microscope (SEM) image showed that the breast 
skin before scalding looked smooth and oily with a few natural bacteria 
and some debris. Histological image using light microscope showed that 
both epidermal and dermal layers existed with no apparent damage. After 
scalding and picking, however, the epidermis was removed and the skin 
surface was hardly visible due to accumulation of much debris. TSP 
exposed both fat particles and connective tissues on skin by removing 
most debris and corroding dermis . Histological image indicated lysis of 
red blood cells and some damages in dermis layers. HWD showed clear 
fat particles by completely removing the debris on surface . Histologi-
cally, partial damage was observed with discoloration and corrosion. 
After combination dip, the skin surface was clean and clear to expose 
embedded fats and connective tissues . Histological image indicated 
lysis of red blood cells and deeper damage in stratum compactum of 
dermis . The image of structural changes supports the effectiveness of 
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bacterial decontamination when TSP and HWD are combined (observed 
previously) presumably due to the elimination of epidermis layer and 
dermis debris where bacteria are usually attached.

Key Words: hot water dip, trisodium phosphate dip, skin structure, 
scanning electron microscopy, histological image

106   Antiviral effect of carvacrol against avian influenza virus 
in an in ovo infection model. Abraham J . Pellissery*, Meera S . Nair, 
Zeinab Helal, Chi-hung Chen, Jianping Li, Indu Upadhyaya, Michael 
J . Darre, Mazhar I . Khan, and Kumar Venkitanarayanan, University 
of Connecticut, Storrs, CT.

Avian influenza virus (AIV) is an important pathogen causing tremen-
dous economic losses to the poultry industry . Further, zoonotic transmis-
sion of the virus to humans, and rapid human-to-human transmission 
highlight the public health significance of the virus. Moreover, resistance 
of avian influenza viruses to antiviral agents is an emerging, global public 
health problem . This has triggered research interest in identifying novel 
and safe interventions for controlling AIV in chickens . We investigated 
the antiviral efficacy of carvacrol (CR), a GRAS-status phytochemical 

from oregano oil, against 2 isolates of low pathogenic AIV, namely 
H5N2 and H7N2. Forty-two 11-d-old, embryonated, specific-pathogen-
free (SPF) eggs (21 each for H5N2 and H7N2) were randomly assigned 
to 6 treatments: a negative control (1 egg), virus (positive) control (4 
eggs), solvent control (4 eggs) and 3 CR treatments (4 eggs each; 0 .2, 
0.1, and 0.05%). The virus isolates were incubated in minimum essential 
medium containing the various treatments at 37°C for 1 h in a carbon 
dioxide incubator. After ensuring viability by candling, eggs were sepa-
rately inoculated with 4 × 103 plaque-forming units (PFU) of AIV, and 
incubated at 37°C for 3 d. The allantoic fluid from eggs was harvested 
and subjected to hemagglutination (HA) assay to test the presence of 
AIV. In addition, the virus titer was estimated by standard plaque assay 
on Madin-Darby canine kidney cells and real-time quantitative PCR 
targeting the M gene of AIV. Carvacrol at 0.2% and 0.1% significantly 
reduced the virus titer of both isolates when compared with controls (P 
< 0 .05), suggesting potent antiviral activity of the phytochemical against 
AIV . Further studies to delineate the mechanism(s) behind the antiviral 
effect of CR are underway.

Key Words: avian influenza, carvacrol, in ovo, M gene
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Student Competition: Physiology and Reproduction

107   Injecting GalliPro Hatch into fertile broiler hatching eggs 
using commercial in ovo technology and its effect on hatchability 
and early chick mortality. Chrysta Beck*1, Pedro Mota1, Christo-
pher McDaniel1, David Peebles1, Alfred Blanch2, Mickaël Rouault2, 
Kelley Wamsley1, and Aaron S . Kiess1, 1Mississippi State University, 
Mississippi State, MS, 2Chr. Hansen, Hørsholm, Denmark.

As concerns pertaining to antibiotic resistant bacteria and their presence 
in poultry products continue to grow, alternatives such as probiotics are 
being investigated . Probiotics, as a poultry feed additive, have improved 
bird performance and immune health as well as reduce pathogens 
associated with the gastrointestinal tract. However, all traits may be 
further improved if probiotics can be provided to the embryo during 
incubation before initial exposure to pathogens . Therefore, the objective 
of this study was to determine if a new probiotic formulation (GalliPro 
Hatch) can be injected into eggs using commercial in ovo technology 
without negatively affecting hatchability or 7-d mortality. Hatching 
eggs (3,906) from a 55-wk-old Ross 708 breeder flock were incubated. 
On d 10 of incubation, infertile, cracked, and contaminated eggs were 
removed. On d 18, eggs were assigned to the following treatments: (1) 
noninjected control, (2) injected with Marek’s vaccine (50 µL), or (3) 
injected with Marek’s vaccine and 1.4 × 107 cfu of GalliPro Hatch (50 
μL) using Inovoject technology. On d 21, hatched chicks were counted, 
feather sexed, weighed and hatch residue analysis was conducted. Chicks 
(681) were randomly assigned to 36 pens containing used litter (12 
blocks of 3 pens each) . The results demonstrated no differences for set 
egg weight, chick weight, hatch of fertile, infertility, mid deads, pips, 
cracked eggs, or contamination (P > 0.13). However, the percentage 
of late dead mortality in treatments 2 and 3 were greater than the non-
injected control (P = 0.019) which could be a result of the in ovo inject 
process. Although statistical differences were not found for hatchability, 
chick weight, or 7 d mortality, the GalliPro Hatch treatment did dem-
onstrated numerical improvements compared with the Marek’s vaccine 
treatment . In conclusion, injecting GalliPro Hatch into fertile hatching 
eggs does not decrease hatchability and may provide the unhatched 
chick an advantage in performance attributes in the grow-out facility, 
especially if exposed to pathogens .

Key Words: probiotics, in ovo injection, hatchability, mortality

108   Effect of incubational egg turning rate on gut development 
in the chick, gut morphology, and developmental biomarkers. 
Victoria N. Holland*, Yewande O. Fasina, Jonathan Roberts, and 
Wallace D . Berry, Auburn University, Auburn, AL.

The objective for this research was to optimize chick gut development 
and accelerate post-hatch gut maturation to improve early growth and 
mortality rates of broiler chickens. Incubators were modified to deliver 
a variable egg turning rate . The Control rate consisted of turning the 
eggs through a 90° angle (relative to the longitudinal axis of the egg) 6 
times per 24 h. The 2× rate consisted of turning the eggs through a 90° 
angle 12 times per 24 h (twice as often). Fertile eggs were incubated for 
18 d. Samples of the small intestine were taken from the middle of the 
ileum and placed into 10% formalin. Gut tissue sections were prepared 
morphological analysis of gut development . Digital micrographs of the 
tissue sections were analyzed for intestinal villus number and length. 

Data was also collected for embryo weight, small intestine weight, and 
small intestinal length. These records were analyzed statistically using 
an unpaired t-test. The relative weight of embryos from the 2× treatment 
tended to be greater than that of the Control embryos, but did not reach 
the predetermined (P = 0 .05) threshold for acceptance as statistically 
significant. The relative small intestine weight tended to be less in the 
2× treatment embryos compared with the Control embryos. This differ-
ence approached statistical significance (P = 0 .07) . Embryos from the 
2× treatment tended to have shorter intestines than the embryos from the 
Control treatment (P = 0.11). Villus number tended to be lower in the 
2× treatment embryos compared with the Control embryos, however, 
this trend did not reach statistical significance (P = 0 .18) . The lengths 
of the villi in the small intestines were nearly identical between the 2 
treatments. From these results, we concluded that doubling the rate of 
egg turning did not significantly alter gut development in chick embryos 
through d 18 of incubation .

Key Words: incubation, egg turning, gut development

109   Effects of prehatch hypobaric challenge to six different 
lines of chickens. Timothy Licknack*, Katy J . Tarrant, and Nicholas 
B . Anthony, The University of Arkansas, Fayetteville, AR.

We aim to understand the role of oxygen, in ovo, with respect to hatch-
ability and chick quality in 6 pedigreed broiler lines using a high altitude 
(hypobaric) challenge. A hypobaric chamber was used to simulate a set 
elevation of 3,200 m above sea level . As altitude and the partial pres-
sure of oxygen are negatively correlated, a hypobaric chamber is used 
to achieve a hypoxic environment. Initially, GQF incubators were set 
to temperature (37.5°) and placed in a hypobaric chamber warmed to 
35°C. Eggs were incubated under normal conditions until transferred 
to the incubators within the hypobaric chamber. Two hundred and four 
eggs were exposed to a hypoxic environment from embryonic day 10 to 
12 (E10–12), and 212 eggs were exposed from embryonic day 16 to 18 
(E16–18). After placement of the eggs in the chamber, the altitude was 
adjusted to 3200 m above sea level . At the end of the respective exposure 
period, the eggs were transferred back to the original incubator at local 
altitude. Additionally, 257 eggs were incubated at local altitude for the 
entirety of development and used as a control . Lines are housed at the 
University of Arkansas and included 1992 Randombred, 2015 Random-
bred, High 4-Day %-Breast Yield, Low 4-Day %-Breast Yield, High 
Meat Color, and Low Meat Color. Hatchability in challenged E10–12, 
69.9%, and E16–18, 67.9%, chicks were not different. The control group 
had a significantly higher hatchability than either the E10–12 or E16–18 
group (P = 0 .006 and P = 0.004), at 85.6%. Differences in the hatch-
ability of each line among treatment groups was not detected, nor were 
differences between random bred lines, muscle color lines, or %-breast 
yield lines within groups. Chick quality differences, such as unhealed 
navels and leg health, were scored. The percentage leg deformities were 
0% E10–12 and 6% for E16–18 with the control group intermediate at 
2%. Chicks are currently being challenged in the hypobaric chamber to 
observe the role of embryonic hypoxic challenge on survivability and 
ascites syndrome incidence. This trial will determine if altitude related 
incubation environment can sensitize broilers to ascites syndrome

Key Words: broiler, hatchability, ascites, hypoxia, embryonic
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110   Temporal changes in gene expression of neuroendocrine 
stress hormones in the chick brain following food deprivation. 
Gurueswar Nagarajan*, Seong W. Kang, and Wayne J. Kuenzel, 
University of Arkansas, Fayetteville, AR.

A previous study from our laboratory showed that gene expression of 
corticotropin-releasing hormone (CRH) and/or arginine vasotocin (AVT) 
in 2 brain structures, namely the paraventricular nucleus (PVN) and 
nucleus of hippocampal commissure (NHpC), were suppressed after 
24-h food deprivation (FD). We hypothesized that the downregulation 
of CRH and AVT occurred though a feedback mechanism from corticos-
terone (CORT) in less than 24hrs. Thus, an experiment was conducted 
in broiler chicks at 5 wk of age and birds were subjected to 2-, 4-, 8-, 
and 12-h FD (n = 7–8 birds/group). Blood and brain samples were col-
lected. Blood (2 mL) was taken from the left brachial vein of each bird 
to measure plasma CORT using a radioimmunoassay procedure . Each 
brain was sectioned at 100 um thickness using a cryostat and micro 
punched to collect 2 brain structures (PVN and NHpC) . Relative gene 
expression levels of AVT (from the PVN) and CRH (from the PVN/
NHpC) were measured using RT-qPCR. A 3-fold significant increase 
in CORT was observed starting at 4-, 8-, and 12-h FD compared with 
controls (P < 0 .05) . Similar to stress levels, CRH gene expression levels 
were upregulated in both the NHpC and PVN at 4-h FD, while AVT 
was upregulated in the PVN at 4-h FD and 8-h FD. On the other hand, 
CRH was downregulated starting at 8-h FD in both the PVN and NHpC; 
however, a delayed downregulation of AVT was observed starting after 
8-h FD in the PVN . Taken together, results from this study indicate that 
both CRH and AVT genes are transiently activated following short-term 
food deprivation; however, sensitivity of CORT negative feedback on 
CRH is greater than AVT . 

Key Words: food deprivation, corticotropin-releasing hormone, 
vasotocin, corticosterone, brain

111   Fasting increases the mRNA expression of gonadotropin 
inhibitory hormone in the pituitary of broiler breeder hens. 
Ashley G . Stephens*, Martha E . Freeman, and Adam J . Davis, Uni-
versity of Georgia, Athens, GA.

The opioid neuropeptide dynorphin (Dyn) is translated as preprodyn-
orphin (Pdyn) and undergoes posttranslational modification to form 
Dyn, and it negatively affects gonadotropin-releasing hormone (GnRH) 
release in mammals . The hypothalamic neuropeptide gonadotropin 
inhibitory hormone (GnIH) may also act to suppress GnRH release . 
Previously our laboratory reported that the mRNA for Pdyn, GnIH, 
and GnIH receptor (GnIHR) was detected in the pituitary and that Pdyn 
and GnIHR were expressed in the ovary of broiler breeder hens. Thus, 
Pdyn and GnIH could play a role in follicular development . In the cur-
rent research, the mRNA expression of Pdyn, GnIH, and GnIHR was 
investigated in the pituitary and in the theca and granulosa cells of the 
developing preovulatory follicles of broiler breeder hens, 5 and 72 h after 
feeding. Individual theca and granulosa layers were separated from the 
F1-F4 follicles. Theca and granulosa cells were enzymatically separated 
from one another in the nonhierarchical follicles which were pooled 
by size into small yellow (5–12 mm in diameter) and large white (2–5 
mm in diameter) follicle categories . The isolated theca and granulosa 
cells from each follicle size from 2 birds were combined to create 4 
replicate samples for each cell type from each follicle size and fasting 
period. Likewise, pituitary tissue from 2 birds were combined to create 
7 replicate samples for each fasting duration. Total RNA was extracted 
from the samples and DNase treated for 2-step real-time PCR analyses of 
Pdyn, GnIH, GnIHR, and GAPDH (control) mRNA expression. Taqman 

minor groove binding probes and primers for each gene were designed 
using Primer Express (Version 2 .0, Applied Biosystems) . Fasting for 72 
h significantly increased the mRNA expression of pituitary GnIH. The 
mRNA for GnIH was not detected in any ovarian sample. Fasting did not 
alter mRNA expression of Pdyn and GnIHR in the pituitary . Given that 
GnIHR mRNA is expressed in ovarian tissue, these results suggest that 
increased production of pituitary GnIH during fasting could play a role 
in the increased rate of follicular atresia in fasted broiler breeder hens .

Key Words: granulosa, theca, hen

112   Withdrawn

113   Comb prick serial blood sampling for glucometer assay 
of blood glucose in chickens. Brendan Gould*, Wallace D . Berry, 
Suzanne Oates, and Joseph B . Hess, Auburn University Poultry Sci-
ence, Auburn, AL.

Tracking physiologic indicators such as blood glucose is complicated 
in poultry by the difficulty of serial blood sampling. Sampling from 
veins, such as the wing vein causes hematomas that prevent further 
sampling from that vein . Glucometers for monitoring human blood 
glucose require as little as 0.3 μL of blood for analysis. Such small 
volumes are obtained by pricking the skin . The comb of most chickens 
is highly vascularized and non-feathered, suggesting that serial blood 
samples might be obtained by pricking . The objective of the present 
study was to test feasibility of pricking hen combs for serial blood 
sampling, and to validate the use of a glucometer for chicken blood 
glucose analysis. A standard glucometer was used to compare glucose 
measurements of blood from wing vein and from the comb in Leghorn 
hens. Twenty hens were sampled from wing vein and comb. Blood was 
collected from the comb using an 18-gauge needle to prick the comb . 
Wing vein blood was collected using a 25-gauge needle and syringe. 
Blood samples were assayed in triplicate via glucometer as blood was 
obtained. Wing vein blood was processed for plasma. Plasma glucose 
was measured by a bench assay using the same chemistry as the glu-
cometer (glucose oxidase). Data was with one-way ANOVA. Sufficient 
blood for glucometer tests were reliably obtained by pricking without 
hematoma formation. Blood glucose means (mg/dL) of 324.29, 167.38, 
and 175.90 were obtained by bench assay procedure (BA), glucometer 
assay via the comb (GC), and glucometer assay via the wing vein (GV) 
respectively . A P-value < 0.05 was found between the BA mean and the 
2 glucometer means whereas a P-value of 0.2446 was found between 
the GV and GC means . We concluded that a glucometer could be used 
to serially monitor changes in blood glucose in chickens using comb 
blood. However, glucometer assay of absolute values blood glucose 
require an adjustment factor to match bench assay results.

Key Words: serial blood sampling, glucose, glucometer

114   Keel bone measurement consistency in enriched colony 
laying hens. Nicholas J . Chargo*1, Cara I . Robison1, Sydney L . 
Baker2, Michael J . Toscano3, and Maja M . Makagon2, 1Department 
of Animal Science, Michigan State University, East Lansing, MI, 
2University of California, Davis, Davis, CA, 3University of Bern, 
Bern, Switzerland.

Damage to the keel bone is a major issue in the laying hen industry . Not 
only does keel bone damage likely cause pain to the hen, it can also affect 
production and overall well-being. The project consisted of 3 trials using 
40 different (120 total) W-36 hens at 52–58 wk of age housed in enriched 
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colony cages. Prior to beginning the trial, the keel bone of each hen was 
palpated for keel bone caudal tip fractures (CTF), sagittal deviations 
(SagD), and transverse deviations (TrD). After palpation, each hen was 
placed in a motion-limiting restraint and scanned using CT (CT) . The 
hens spent the next 21 d in their cages wearing vests containing a tri-axial 
accelerometer and under constant video monitoring . On d 21, the hens 
were collected and examined under identical procedures as before the 
trial and CT scanned again. The CT scans were imported into Mimics 
analysis software, 3D models of each keel bone were constructed and 
examined for CTF, SagD, and TrD. Each bone/reconstruction was also 
scored (0, 1, 2) on the degree of transverse deviations (TDS) based on 
<0 .5cm, 0 .5–1 .0cm, >1 .0cm total deviation respectively . Using Proc 
Freq in SAS 9.4, analysis of all data revealed agreement occurred 
31.7, 27.1, and 32.5% of the time for CTF, SagD, and TrD respectively 

between human and digital measurement. The virtual keel bones were 
compared for CTF, SagD, and TrD in the pre- and post-scanning . The 
visual observations were qualitative, performed by a single individual. 
There was no change in scores between the images at 72.5% CTF, 65% 
SagD, and 71.7% TrD. When using a quantitative measurement to assess 
TDS, 95.8% agreement was found between the pre- and post keel scans. 
Therefore, the low agreement may be attributed to lack of experience by 
the person palpating; or movement of hens during CT scanning which 
led to difficulty of examining the 3D model. Keel palpation of live birds 
has considerable variability but the variability can be reduced by visual 
assessment of 3D models. To increase accuracy, a quantitative measure 
of the 3D keel is ideal .

Key Words: enriched colony cage, keel, laying hen, bone, computed 
tomography
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115   The effect of Bacillus subtilis based probiotic on bone 
health in broiler chickens. Fei-Fei Yan*1, Wei-Chao Wang1, Ross 
Wolfenden2, and Heng-Wei Cheng3, 1Department of Animal Sciences, 
Purdue University, West Lafayette, IN, 2Pacific Vet Group-USA, Inc., 
Fayetteville, AR, 3USDA-ARS, Livestock Behavior Research Unit, 
West Lafayette, IN.

Some probiotics have been reported to regulate bone health in humans 
and various animal models. The objective of this study was to deter-
mine the effect of dietary supplementation of a Bacillus subtilis based 
probiotic on broiler bone health . One hundred and 20 1-d-old Ross 708 
broilers were assigned to 24 floor pens based on their body weights. 
The broilers were fed either a basal diet or the basal diet mixed with 
a commercial Bacillus subtilis based probiotic product (250 ppm, 1 × 
106 cfu/g of feed) for 6 wk (n = 12). Room temperature was gradually 
decreased from 35°C on d 1 to 21°C by 0.5°C/day, and maintained at 
21°C for the rest of the experimental period. At d 43, the tibias and 
femurs were collected for mineral content and morphometric char-
acteristic analyses; serum was collected for determining the levels 
of osteocalcin, cross-linked C-terminal telopeptide of type I collagen 
(CTX), calcium, and phosphorus . Latency to lie (LTL) as a leg strength 
indicator was performed at d 44. Compared with controls, the tibias 
and femurs of probiotic fed broilers had significantly greater mineral 
density, mineral content, wall thickness, mineral area, length, width, and 
weight. In addition, broilers fed with the probiotic had a trend to have 
lower serum CTX levels, a bone resorption indicator. Serum osteocal-
cin, calcium, and phosphorus levels as well as leg strength were not 
affected by the dietary probiotic supplementation . These results indicate 
that dietary supplementation of Bacillus subtilis based probiotic has a 
significant improvement on broiler bone health, and this effect may be 
via downregulating bone resorption. Dietary probiotic supplementa-
tion may be a management strategy for improving skeletal health and 
welfare in broiler chickens.

Key Words: probiotic, bone mass, bone remodeling, calcium, 
phosphorus

116   Effect of dietary supplementation of probiotic, Bacillus 
subtilis, on performance and immune parameters in the brain of 
broiler chickens under heat stress. Weichao Wang*1, Feifei Yan1, 
Jiaying Hu1, Chaoyin Zhang1, and Heng-wei Cheng2, 1Department of 
Animal Sciences, Purdue University, West Lafayette, IN, 2Livestock 
Behavior Research Unit, USDA-ARS, West Lafayette, IN.

The intestinal microbiota affect health and behavior via the gut-brain 
axis in humans and rodents; however, few studies have been conducted 
in chickens. The objective of this study was to evaluate if dietary supple-
mentation of Bacillus subtilis can reduce the heat stress (HS) response 
via ameliorating brain inflammation. Based on body weight (BW), 240 
1-d-old broiler chicks were randomly assigned to 48 pens with 4 treat-
ments (n = 12): TN (thermoneutral)-RD (a regular diet), TN-PD (the 
regular diet mixed with probiotic), HS (heat stress)-RD, and HS-PD. 
Probiotic (Sporulin at 106 cfu/g feed) was administered from d 1; and 
heat stress, 32°C for 10 h daily, was initiated on d 15. Feed intake and 
BW were measured at wk 2 and 6. Blood and hippocampus samples were 
collected at wk 6. The data showed that final BW, average daily weight 
gain, and feed conversion efficiency were improved in PD groups as 
compared with RD groups regardless of ambient temperature (P < 0 .01) . 
Hippocampal interleukin (IL)-10 mRNA levels were affected by treat-

ments in the order of HS-PD > HS-RD > TN-PD > TN-RD (P < 0 .05) . 
Hippocampal IL-6 and toll-like receptor 4 (TLR4) mRNA levels were 
higher in HS groups compared with TN groups (P < 0 .0001) . Within HS 
groups, HS-PD had lower mRNA levels of IL-6 (P = 0 .01) and TLR4 
(P = 0.01) than HS-RD. Compared with RD groups, hippocampal IL-8 
mRNA levels were lower in PD groups regardless of temperature (P < 
0 .05) . Within PD groups, HS-PD had higher levels of IL-8 mRNA (P 
< 0.01) than TN-PD. Heterophil to lymphocyte ratio was significantly 
affected by treatments in the order of HS-RD > HS-PD > TN-RD > 
TN-PD (P < 0 .01) . These results indicate that dietary supplementation 
of the probiotic Sporulin (Bacillus subtilis) is able to reduce broiler 
heat stress response via regulating brain anti-inflammatory reactions.

Key Words: probiotic, heat stress, gut-brain axis, inflammation, 
broiler chicken

117   Effect of dark exposure duration and age on broiler feed-
ing behavior. Tory D . Shynkaruk*1, Henry L . Classen1, Trever G . 
Crowe2, and Karen V. Schwean-Lardner1, 1Department of Animal 
and Poultry Science, University of Saskatchewan, Saskatoon, SK, 
Canada, 2Department of Mechanical Engineering, University of 
Saskatchewan, Saskatoon, SK, Canada.

The effect of darkness on broiler feeding behavior was examined using 
Ross 308 males, in a 4 × 2 factorial arrangement of day length [14 h 
light:10 h dark (14L), 17L, 20L, and 23L] and age (14, 30 d) . One pen 
of birds (n = 59) was observed in each of 8 identical rooms (2 replica-
tions per lighting program). Behavior was recorded using an infrared 
video camera, which captured an entire pen and recorded in continuous 
real-time mode for 24h . At each age, individually marked birds (n = 
5 per pen) were observed using focal scanning, with number, duration 
and frequency of feeding bouts quantified. The effect of age and the 
interaction between age and day length were analyzed using Proc Mixed 
of SAS, with Tukey’s range test used to separate means. Day length data 
were analyzed using regression analysis. Differences were considered 
significant when P < 0.05 and a trend was noted when P < 0 .10 . The 
number of feeding and drinking bouts per day decreased with increasing 
age (75 vs 62 and 83 vs 68, respectively) . Feed bout length increased 
with increasing age (103 vs 140s, respectively) as did feeding and 
drinking bout interval (791 vs 1,054s and 792 vs 1,053s, respectively) . 
Over 24 h, feed bout interval increased with increasing day length at 
14d (565 < 703 < 913 < 984 s) and tended to increase linearly at 30d 
(640 < 886 < 1,023 < 1,141 s) . At 30d, total time spent at the feeder 
during the photoperiod showed an increasing relationship with day 
length (7,300 < 7,561 < 8,262 < 8,971 s) . The number of feeding bouts 
per hour during the photoperiod at 14d decreased with increasing day 
length (5.3 > 4.4 > 3.7 > 3.4). Drinking bout interval increased with day 
length at 14 d (562 < 657 < 961 < 990 s) and 30 d (645 < 723 < 1,096 
< 1,227 s) . During the photoperiod, the number of drinking bouts at 14 
and 30 d showed decreasing linear relationships with day length (6.3 > 
5 .3 > 3 .6 = 3 .6 and 5 .8 > 4 .0 > 3 .5 > 2 .3, respectively) . In conclusion, 
both day length and bird age affect feeding behavior . Longer day lengths 
result in longer feeding and drinking bout intervals and fewer feeding 
and drinking bouts during the photoperiod . As birds age, the number of 
visits to the feeder and drinker are reduced with longer intervals between 
visits and longer feed bout lengths .

Key Words: day length, broiler, behavior, welfare
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118   Wire-flooring induced lameness in broilers from hens fed a 
Bacillus subtilis direct-fed microbial. Ashley L. Owen*1, Charles L . 
Hofacre2, Stephen R . Collett2, and Jeanna L . Wilson1, 1Department of 
Poultry Science, University of Georgia, Athens, GA, 2Department of 
Population, University of Georgia, Athens, GA.

Broiler breeders are feed restricted to control body weight and live with 
other daily stresses of mating, reproduction and slats . It is thought that 
this stressful environment encourages vertical transmission of bacteria 
to progeny . In the modern broiler, the incidence of bacterial chondrone-
crosis with osteomyelitis (BCO) is the most common cause of lameness. 
The objective of this study was to determine if feeding broiler breeder 
hens a direct-fed microbial would reduce BCO in the progeny. In addi-
tion, determine if feeding the same direct-fed microbial to the progeny 
would have an effect on the incidence of BCO. The chicks in this study 
were from breeders fed a standard breeder feed (CT) or breeders fed 
Bacillus subtilis (BSS) supplemented feed. The CT chicks were fed an 
unsupplemented broiler diet control diet (CTCT), while the chicks from 
the BSS fed hens were fed Bacillus subtilis (BSSBSS) or a control diet 
(BSSCT). Lameness was induced by placing a wire-flooring speed bump 
between the feed and water at 28 d. At 56 d, 30 of the remaining broil-
ers from each pen were individually gait scored (0–2 system), and 30 
were necropsied to identify femoral or tibial lesions. From necropsy, the 
incidence of FHT (femoral head transitional degeneration) was higher 
in the BSSBSS and CTCT groups than in the BSSCT group (70, 62 .5, 
60%, respectively). No differences in tibia lesions were noted among 
the groups. The incidence of FHS (femoral head separation) was higher 
in the BSSCT broilers. The number of femoral head related lesions was 
similarly high among the treatments (92–73% incidence) even though 
gait scores were normal in nearly 50% of all the broilers. Generally, hens 
fed Bacillus subtilis produced broilers that had a slower progression of 
femoral head disease .

Key Words: breeder, broiler, Bacillus subtilis, lameness, femoral 
head

119   Effect of raised platforms and litter material on broiler 
chicken footpad quality. Jesse M . Hunter*, Douglas R . Korver, and 
Clover J . Bench, University of Alberta, Edmonton, AB, Canada.

Excess litter moisture is a primary cause of footpad dermatitis (FPD) in 
broilers. Slatted flooring and novel litter material may reduce contact 
with wet litter, potentially decreasing FPD severity. Objectives of this 
research were to (1) investigate the use of raised, slatted platforms on 
behavior and foot pad quality in broiler chickens, and (2) assess the 
effect of 3 litter materials on behavior and foot pad quality. Ross 308 
mixed-sex broilers (n = 2880) were raised to 39 d of age in 64 pens 
(45 birds/pen; 31 kg/m2) using a randomized complete block design 
with 2 × 4 factorial treatment arrangement (n = 8 per treatment interac-
tion). Litter treatments were 100% pine shavings (PS), 100% wheat 
straw (WS), 75% pine shavings/25% peat moss (PP) and 75% wheat 
straw/25% peat moss (WP). Platform treatments were no platform and 
platform. Footpads were scored using a 4pt scale (0 = no FPD to 3 = 
severe FPD) and gait scored using a 3-pt scale (0 = normal gait to 2 = 
impaired gait). BW was measured on d 0 and d 39. Litter was sampled 
at 3 points during the trial and behavior was scan sampled weekly. Car-
cass attributes were weighed post-processing. Data were analyzed as a 
generalized linear mixed model using pen as the experimental unit and 
focal birds (10 birds/pen) as the sampling unit. Data were considered 
significant at P < 0 .05 . Platform did not affect BW, carcass component 
weights, or footpad quality (P > 0.05). However, broilers performed 
more Standing, Walking, and Sitting behaviors in pens without platforms 
(P < 0 .001) . WS and WP had more severe footpad (WS: 0 .14 ± 0 .014; 

WP: 0 .12 ± 0 .014; PP: 0 .01 ± 0 .003; PS: 0 .003 ± 0 .0026; LS Means 
± SEM) and gait scores, and higher litter moistures compared with PP 
and PS treatments (P < 0 .05) . As such, foot pads of broilers reared on 
wheat straw-based litters may have had increased contact with wet litter, 
potentially resulting in higher FPD scores . Overall, litter treatment had 
the greatest effect on footpad quality, whereas platforms appeared to 
affect the number of activity behaviors performed .

Key Words: broiler, behavior, footpad dermatitis, platform, litter

120   Effects of simulated warm transport on the physiology, 
meat quality, and behavior of 16-week-old turkey toms. Zoe 
A. Henrikson*, Catherine J. Vermette, Karen Schwean-Lardner, 
and Trever G. Crowe, University of Saskatchewan, Saskatoon, SK, 
Canada.

The effect of simulated warm-temperature transport on market-age toms 
was assessed. Ninety-six male turkeys from 3 flocks were randomly 
divided into 1 of 4 treatments: 28°C and 20°C with either 30% or 80% 
relative humidity (RH). Groups of 8 toms were exposed to conditions 
in a climate-controlled chamber before processing . Live shrink (LS), 
heterophil-to-lymphocyte ratio, and changes in core body temperature 
(CBT) and blood glucose (BG) levels were examined; meat quality was 
assessed by measuring thigh and breast muscle pH and L*, a*, and b* 
color values. Behavior was measured using instantaneous scan sampling 
during the last 4 h of treatment. Data were analyzed using SAS 9.4 as a 2 
× 2 factorial for temperature and humidity; significance was declared at 
P ≤ 0.05. Responses of 16-wk-old toms were compared with responses 
of 12-wk-old turkey hens within the same treatment, and these data were 
analyzed as a CRD. LS was significantly lower at 0.9% in the 20°C 30% 
RH group, compared with 2.7% and 2.4% in the 28°C 30% and 80% 
RH treatments (P = 0.003), respectively. CBT increase was significantly 
higher (P = 0.04) in the 28°C treatments (increase of 0.4°C at 30% and 
1.6°C at 80% RH) than in the 20°C treatments, with −0.3°C (30% RH) 
and 0.1°C (80% RH) difference from baseline. Ultimate breast pH was 
unexpectedly higher (P = 0.023) in toms exposed to 28°C (pH of 5.72 
at 30% and 5.75 at 80% RH) than those exposed to 20°C (pH of 5.71 
and 5.69). Frequency of activity and head-resting behavior in toms 
differed significantly between treatments. Hens had larger (P = 0 .006; 
P = 0.016) decreases in BG than toms in the 20°C 30% and 80% RH 
treatments, and several differences in breast pH were observed between 
sexes exposed to the same conditions. LS in the 28°C 80% RH treat-
ment was significantly higher (P < 0.0001) in hens (3.1%) than in toms 
(2.44%). The data suggest that warm-temperature exposure results in 
greater live shrink and CBT increases in toms, along with increased 
ultimate breast pH and minor behavioral changes . Toms differed from 
hens in the response of breast pH and blood glucose .

Key Words: transport, warm, tom, core body temperature, live shrink

121   Using a choice experiment to account for preference in 
perching behavior of broilers. Veronica Nacchia* and Hong Li, 
University of Delaware, Newark, DE.

The behavior of roosting or perching off the ground has been found in 
domestic chickens . Broiler chickens in commercial production settings 
have health problems related to legs due to rapid growth and limited 
activities because of the confined space. It is in the interest of poultry 
managers to improve broiler chicken leg health and welfare by providing 
environmental enrichments, such as ramps, perches, and barriers that aim 
to increase activities. However, information on the materials, heights, 
angles, and shapes of perches is meager . The objective of this project 
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was to investigate effects of perch design on activities and behaviors of 
broiler chickens. The study was conducted in a custom-designed hold-
ing pen to house a small flock of broilers with perches giving birds the 
opportunity to roost above the ground. Two different perch heights and 
shapes were tested over a 7-wk growth-out. The activity of birds will be 
monitored by video camera and weighing sensors on the perches. The 
research generates fundamental knowledge on the effect of perches in 
broiler production on activities and leg health and provide information 
on perch design that can be adopted by the industry and improve animal 
welfare and health.

Key Words: broiler, perch, well-being, height, shape

122   Measuring stress and welfare of laying hens in aviary and 
conventional cages. Daniel R . Hanna* and Sheila Purdum, Univer-
sity of Nebraska-Lincoln, Lincoln, NE.

The aim of this experiment was to measure and compare the behavior 
time budget of laying hens in the aviary (A) versus conventional caging 
systems (CC). Two laying hens from each housing system were chosen 
and marked. The behavior was recorded during the morning, afternoon, 
and evening for 20 min each time and this procedure was repeated 
for 3 consecutive days. The time spent performing each behavior was 
recorded at 30-s intervals . The behaviors observed included the circadian 
behaviors: dustbathing, feeding and resting . The non-circadian behaviors 
included standing, walking, preening, and aggression toward other hens 
by pecking. Statistical analysis was carried out using the SAS program, 
Proc Glimmix, to determine the relationship between the behavior being 
performed and the amount of time being spent performing that behavior 
in different housing systems. Types of behaviors varied between hous-
ing systems (P < 0 .0001) . The behaviors feeding, preening, resting, and 
standing were seen more often than foraging, drinking, dustbathing, and 
aggression in the form of pecking in the aviary . In CC, the behaviors: 
feeding, preening, standing and foraging in the form of rhythmically 
pecking at the sides of the cages were seen more often than drinking, 
resting, and aggression. There were similar amounts of feeding and 
drinking in both housing systems . Dustbathing and large amounts of rest 
were more frequent in the A compared with the CC hen that showed no 
dustbathing and small amounts of rest. No aggression was seen in the CC 
while small amounts were seen in the A during feeding. The CC showed 
more standing behavior vs. the A hen showed more walking behavior. 
Hens in aviary pens were able to perform all of the circadian and non-
circadian behaviors showing only small amounts of aggression. Hens 
in the CC were able to perform circadian and non-circadian behaviors 
with the exception of dustbathing and significant amounts of resting. 
Rhythmical pecking at the cage in CC hens suggested that there could 
be decreased mental welfare comparable to that of pacing zoo animals. 
We concluded that aviary pens provided better welfare.

Key Words: laying hen, aviary, conventional cage, behavior, 
time-budget

123   Rale detection using a microphone and audio signal 
processing. Brandon T . Carroll*1, Douglas F . Britton2, Wayne D . 
Daley2, Mark W. Jackwood3, Simeon Harbert2, and David V . Ander-
son1, 1Georgia Institute of Technology, Atlanta, GA, 2Georgia Tech 
Research Institute, Atlanta, GA, 3Poultry Diagnostic and Research 
Center, University of Georgia, Athens, GA.

Respiratory disease is one of the most devastating and economically 
important diseases in commercial poultry, and early detection is critical 

for control . Tracheal rales are one of the common and early clinical signs 
associated with respiratory disease regardless of the pathogen involved. 
This work presents an audio signal processing algorithm for detecting 
rales that could aid in the early detection of respiratory diseases in 
commercial poultry. The algorithm was developed using data collected 
during a controlled vaccine trial at the Poultry Diagnostic and Research 
Center . The control and experiment groups each consisted of 6 d-old 
broilers housed in separate Horsfall isolators for 25 d . The isolators 
were equipped with microphones, cameras, and weatherboards that 
recorded continuously. The experimental group was challenged with the 
avian coronavirus infectious bronchitis virus on d 15 and became sick . 
The control group remained healthy. The rale detection algorithm first 
calculates spectral features from the raw audio data. These features are 
then represented using a sparse coefficient matrix and an accompanying 
dictionary trained using the K-SVD algorithm. The first 30 elements of 
the dictionary were trained on 30 randomly selected minutes of healthy 
recordings. Ten additional elements were then added and trained on 20 
min of data containing rales, while holding the first 30 elements con-
stant. The goal is that the first 30 elements will learn to represent normal 
sounds, whereas the last 10 will learn to represent sounds that indicate 
sickness. A support vector machine was then trained to classify rales 
based on the dictionary coefficients. 10-fold cross-validation performed 
on the 20 files containing rales yielded an accuracy of 96.7%, a preci-
sion of 86.6%, and a recall of 73.6%. Rales were detected 7.4% of the 
time in the 20 sick files versus 0.28% of the time in the 30 healthy files. 
The detector would likely have to be trained on representative data for 
other environments, but the results provide evidence for the feasibility 
of detecting diseases based on sound .

Key Words: disease detection, infectious bronchitis, animal welfare, 
audio signal processing, broilers

124   Effect of light intensity and flooring type on leg surface 
temperature, leg bone necrosis, and latency to lie of broilers 
tested individually and in groups. Shawna L. Weimer*, Robert 
F. Wideman, Dawn A. Koltes, Karen D. Christensen, and Yvonne 
Vizzier-Thaxton, University of Arkansas, Fayetteville, AR.

Latency to lie (LTL) measures are a behavioral tool to assess leg 
weakness in broilers. Infrared thermography (IRT) can detect external 
changes in skin temperature related to inflammation and lameness. 
These quantitative tools offer objective measures of broiler lameness. 
Raising broilers on wire flooring increases the mechanical stress on 
legs and can lead to bacterial chondronecrosis (BCO) lameness . Light 
intensity can alter broiler activity and performance . Therefore, this 
study was designed to investigate if LTL and IRT can detect lameness 
when broilers are raised on either litter or wire flooring under light 
intensities of either 2, 5, or 10 lx (n = 2 pens/treatment). At 8 wk of age, 
5 randomly chosen birds from each pen had a thermal image taken of 
both legs and were subjected to a latency to lie test individually (LTLI) 
and in groups (LTLG). Images were taken with a thermal camera and 
measured with image software. To measure LTL, birds were placed in 
a tub with 3 mm of water. Birds were then humanely euthanized and 
scored for proximal femur and tibia necrosis of the bone head . Birds 
raised under 10 lx had a shorter individual latency to lie compared with 
birds raised under 2 lx. No treatment differences were observed in the 
group latency to lie test. Leg temperatures were lower for birds raised 
on wire flooring compared with litter flooring. Femur head necrosis 
scores showed correlations with leg temperatures whereas tibia head 
scores showed no correlations with leg temperatures. Necrosis scores 
were lower for birds raised under 5 lx compared birds raised under 10 
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lx. When necrosis scores were categorized as either high or low, leg 
temperatures were lower for birds categorized with high necrosis scores. 
These results indicate light intensity, group and individual test settings 

can effect broiler latency to lie . Additionally, these results indicate the 
utility of IRT as a noninvasive measure of broiler lameness .

Key Words: broiler, lameness, light intensity, latency to lie, IRT
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Student Competition: Metabolism and Nutrition, Amino Acids

125   Varying dietary amino acid levels effect on modern broiler 
growth performance and processing yield. Garrett J . Mullenix*1, 
Katie M . Hilton1, Judith A . England1, Justina Caldas1, Antonio 
Kalinowski2, and Craig N . Coon1, 1Poultry Science, University of 
Arkansas, Fayetteville, AR, 2Evonik Nutrition & Care GmbH, Hanau, 
Germany.

A study was conducted to evaluate the interaction of dietary amino acids 
(AA) concentrations and modern commercial broiler strains . The objec-
tive was to determine if broiler strains respond differently to AA supply 
when raised in similar conditions. Body weight (BW), average daily 
gain (ADG), feed conversion ratio (FCR), processing yields and protein 
turnover were evaluated. A total of 4,050 male broilers were hatched and 
placed in 90 pens (n = 45 birds/pen). Two thousand twenty-five Cobb 
MX × Cobb 500 and Ross YP × Ross 308 were used in the present study. 
Commercial crumble starter and grower feed were fed from d 1–11 and 
d 11–22, respectively. Five experimental finisher diets were fed from d 
22–42 in pellet form (9 replicates per strain/diet). Isoenergetic finisher 
diets (3125 kcal/kg) were formulated to 80, 90, 100, 110, and 120% of 
the ideal amino acid recommendation of AMINOChick2: 0 .80, 0 .90, 
1.00, 1.10, and 1.20% dLys, respectively. Other first limiting amino 
acids were held at a constant ratio to dLys level: Met+Cys, 0.76; Thr: 
0.65; Val: 0.80; Ile: 0.71; Arg: 1.05, and Trp: 0.16. Birds were weighed 
and FCR determined at 10, 21, 35, and 42 d . At 42 d, 900 birds (90 per 
strain/diet) were processed and yield data was collected. At 42 d, there 
were significant differences in BW due to strain (P = 0 .0022) and diet 
(P = 0.001). FCR was not affected by strain. Broilers fed increasing 
levels of AA had better FCR at 42 d (P < 0.0001). There were no strain 
× dietary AA level interactions for the d 22 to 42 period for any per-
formance perimeters. Wings, breast, tenders, leg quarters and fat pad 
weights were all significantly (P < 0 .0001) affected by dietary AA levels . 
On a percentage of live weight basis, breast (P < 0 .0001), tenders (P = 
0.0102), and leg quarters (P < 0.0001) showed a significant difference 
between strains. There were no strain × dietary AA level interactions 
for processing yield weights. This trial suggests that modern strains of 
commercial broilers respond identically increasing dietary AA levels .

Key Words: broiler, digestible lysine, performance, processing yield, 
amino acid

126   Determination of the total sulfur amino acid requirement 
of the Cobb 500 male broiler between 28 and 42 days of age. 
Rocky E . Latham*1, Hunter G . Walters1, Robert B . Shirley2, and 
Jason T . Lee1, 1Texas A&M AgriLife Research, College Station, TX, 
2Adisseo USA, Alpharetta, GA.

An experiment was conducted to determine the digestible sulfur amino 
acid requirement (dSAA) of male Cobb 500 broilers from 28 to 42 
d-of-age. In increments of 0.0695%, dl-Methionine (dl-Met) was 
added to a basal diet that contained 0.98% digestible lysine (dLys). All 
other essential AA ratios, except dSAA, were formulated above their 
requirements. The dose titration of DL-Met to the basal diet resulted in 7 
calculated dSAA levels that ranged from 0.518 to 1.00%; the calculated 
dSAA:dLys ratio ranged from 53 to 102 . To validate the bioavailability 
of dl-2-hydroxy-4-(methylthio) butanoic acid (HMTBa), an additional 
treatment was formulated to a dSAA level of 0.827% with Rhodimet 
AT88 (88% concentration; 100% bioavailable), the midpoint of the 
dl-Met curve. Each treatment consisted of 16 rep with 21 birds per pen. 

Prior to d 28, all broilers were reared on a common starter and grower 
diet. On d 28, all broilers were allotted to achieve statistically equivalent 
body weights (BW) between pens and blocks in a randomized complete 
block design. The data were analyzed using PROC MIXED procedure of 
SAS (2004) included block as a random effect. There was no significant 
difference in BW among treatments at d 28 (P > 0 .05) . The evaluated 
parameters were mortality-corrected feed conversion ratio (FCR), body 
weight gain (BWG), carcass yield, and breast yield. Digestible SAA 
requirements for these parameters were determined using a quadratic 
broken-line model (QB) using ProcNLIN. A one-way ANOVA was 
conducted to determine if statistical differences were present between 
the dl-Met and HMTBa treatment. The dSAA requirements that maxi-
mize 28 to 42 d BWG, carcass yield, breast yield, breast + tender yield 
and minimize FCR and were 0.682, 0.579, 0.733, 0.715, and 0.649%, 
respectively. No differences were observed between the 2 methionine 
sources at 0.827% dSAA, thus confirming that the biological value of 
Rhodimet AT88 is 100% equivalent to dl-Met .

Key Words: digestible SAA, methionine requirement, broken-line 
regression, broilers, dl-2-hydroxy-4-(methylthio) butanoic acid

127   Evaluation of the valine requirement of small-framed 
first cycle laying hens. Jinlei Wen*1, Ariane Helmbrecht2, Michael 
Elloit3, John E . Thomson2, and Michael E . Persia1, 1Virginia Tech, 
Blacksburg, VA, 2Evonik, Kennesaw, GA, 3A&E Nutrition Services 
LLC, Lancaster, PA.

Genetic selection has resulted in laying hens that are producing more 
eggs while consuming reduced amounts of feed over a laying cycle. As 
so, it is important to reevaluate the amino acid requirements of these 
new high performing hens. Valine is an essential amino acid required 
for protein synthesis, however, research on valine requirement has 
limited in laying hens. The purpose of this experiment was to evaluate 
the valine requirement in first cycle laying hens from 41 to 60 weeks 
of age. In total, 270 Hy-line W36 laying hens were randomly allocated 
to 6 treatments with 15 replicates of 3 birds for each replicate. Hens 
were maintained 3 to a cage (72 in2/bird) in a multi-teared A-frame 
cage system within an environmentally controlled building. Hens were 
provided a 16:8 lighting schedule and 70 to 80°F temperature program. 
A valine deficient basal diet was formulated with corn and peanut meal 
with determined valine, lysine and crude protein concentration of 0.515, 
0.875, and 13.4%, respectively. Synthesized l-valine was supplemented 
to the basal diet in 0.070% increments, resulting in experimental diets 
containing 0.515, 0.585, 0.655, 0.725, 0.795, and 0.865% valine, respec-
tively. Hens were provided a controlled amount of feed daily resulting 
in approximately 95 g/hen/d. Hen-housed egg production (HHEP) and 
mortality were monitored daily. Eggs were collected on 2 continuous 
days each week for feed conversion ratio (FCR) calculations and egg 
quality analysis. Single-slope broken line, multi-slope broken line and 
quadratic regression were used to estimate valine requirement based 
on HHEP, egg weight (EW), egg mass (EM), and feed conversion rate 
(FCR). Based on HHEP, optimum valine requirement was 591.9, 492.0 
and 740.8 mg/hen/d (single-slope broken line regression: Y = 80.23 + 
0.12219(X − 591.9), R2 = 0 .83; multi-slope broken line regression: Y = 
−0.607 + 0.1593X − 0.1264(X− 492.02), R2 = 0.86; quadratic regression: 
Y = −0.00019944X2 + 0.295507X − 28.3124, R2 = 0 .85) .

Key Words: laying hen, valine, egg production, first cycle
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128   Heat production and net energy of two broiler strains fed 
varying amino acid levels. Katie M . Hilton*1, Garrett J . Mullenix1, 
Michael J . Schlumbohm1, Justina V . Caldas1, Judy A . England1, 
Antonio Kalinowski2, and Craig N . Coon1,1University of Arkansas, 
Fayetteville, AR, 2Evonik Nutrition & Care GmbH, Hanau, Germany.

The purpose of this study was to determine the effect of feeding diets 
with varying dietary amino acid levels to 2 modern broiler strains on 
heat production and energy efficiency from d 22 to d 43. In total, 2,430 
chicks from 2 genetic lines (line A and line B) were fed 3 experimental 
diets starting on d 22 . Three diets varying in amino acid level (Ami-
noChick 2.0; 3,150 AMEn) were evaluated, 80, 100 and 120% of the 
recommended dLys levels. All other amino acids were formulated as a 
ratio to dLys. Birds were moved to the respiratory chambers 1d before 
evaluation for a period of adaptation . Heat production (HP) kcal = 
3.872 × VO2 (L/d) + 1.195 VCO2 (L/d) (Farrell, 1974) was measured 
for 1d. Body composition was measured on d 22 and d 42 by dual 
energy x-ray absorptiometry (DEXA). Data were analyzed using JMP 
Pro 12 (SAS, 2015). No difference between genetic lines was found on 
d 22 for HP, as body weights (BW) and body composition was similar. 
For 39–44 d, no significant interaction between genetic line and diet 
was found for HP. Line B had a higher HP (+25 kcal/kg0 .70, P = 0 .009) 
compared with line A as consequence of more VO2 consumption (+5 .2 
L/kg0 .70, P = 0 .008) and VCO2 production (+4.8 L/kg0 .70, P = 0 .016) . 
HP kcal/kg0 .70 tended to be greater for birds fed 120% AA diets (P = 
0.064) as consequence of a significantly greater VO2 consumption (P 
= 0.045) compared with birds fed 80AA, but not compared with birds 
fed 100AA diets . From d 22–43 birds fed increasing amounts of AA 
gained more grams of protein per bird (P = 0 .001), but less grams fat 
per bird (P = 0.0003). Net energy of gain (NEg = protein grams × 5.66 
+ fat gain grams × 9.35) was not effected by dietary AA. Net energy of 
maintenance (NEm = 90 × 1.15 × BW0 .70 × number of days) increased 
as dietary AA increased (P < 0.0001). Net energy (NEg + NEm) was 
not effected by dietary AA . This study indicates that the response of 
heat production and net energy to increasing AA density is the same 
regardless of genetic line .

Key Words: indirect calorimetry, heat production, amino acid, net 
energy, body composition

129   The effect of herbal- vs. dl-methionine on broiler live 
performance and carcass parameters. Lisa D . Kitto*, Paul H . 
Patterson, and R . Michael Hulet, Pennsylvania State University, 
University Park, PA.

An experiment was conducted to compare the utilization of herbal 
methionine (H-Met; Optimethionine, Devenish Nutrition) with dl-
methionine (DL-Met) on growth performance and carcass characteris-
tics of broiler chickens . Day-old straight-run Cobb 500 broiler chicks 
(1728) were fed with 2 dietary types of supplemental methionine at 3 
inclusion levels and randomly divided into 6 dietary treatments of 864 
birds each. There were 8 replicates per pen of each treatment with 36 
birds per pen fed to 35 d of age. Corn and soybean basal diets within 
a phase feed (starter, grower, and finisher) were prepared to meet their 
nutritional requirements except for methionine. Methionine treatments 
were formulated at 80, 90, and, 100% of the requirement, with either 
DL-Met or H-Met. The data was analyzed as a factorial using the GLM 
procedure with Tukey’s range test for means comparison (SAS 9.4). 
There was no effect of methionine type or level on mortality, BWT or 

BWG on d 1, 11, 22, 35 or overall (P > 0.05). Feed intake was signifi-
cantly greater among birds fed the H-Met from 22 to 35 d and overall 
(3.04 vs. 2.97 kg), whereas FCR was significantly lower for the birds 
fed the DL-Met from both 22–35d and overall (1 .56 vs . 1 .62) . There 
were many significant effects of both methionine type and level on the 
carcass parameters of both male and female birds when the birds were 
pooled. Carcass yield and skinless breast was greater for birds fed 
DL-Met (74.2 vs. 73.1%, and 28.9 vs. 25.7%, respectively), whereas 
thigh and remaining shell were greater for H-Met (17.9 vs. 17.2% and 
30.7 vs. 29.4%, respectively). Furthermore, there were interactions with 
breast weight that indicated H-Met level had no effect on breast yield, 
but yield was greatest with 90% of the DL-Met when compared with 
the other levels . In summary, H-Met had no negative effect on BWT or 
mortality, but significant improvements in feed intake, FCR, and carcass 
yield were realized with DL-Met inclusion.

Key Words: dl-methionine, herbal methionine, growth performance, 
carcass characteristics, broiler

130   Effects of feeding reduced crude protein diets to broiler 
chicks on growth performance and plasma uric acid concentra-
tion from 1 to 21 d of age. Ruben Kriseldi*1, Paul B . Tillman2, 
Zhirong Jiang3, and William A . Dozier III1, 1Auburn University, 
Auburn, AL, 2Poultry Technical Nutrition Service LLC, Buford, GA, 
3Ajinomoto Heartland Inc., Chicago, IL.

The aim of this study was to determine the effects of feeding broiler 
chicks reduced crude protein (CP) diets formulated to contain adequate 
essential amino acid (EAA) concentrations on growth performance and 
plasma uric acid concentrations from 1 to 21 d of age . Sixteen hundred 
Ross × Ross 708 male chicks were randomly distributed into 64 floor 
pens (25 birds/pen). Each pen was fed 1 of 8 dietary treatments with 
corn and soybean meal being the primary ingredients. All diets were 
formulated to contain 1 .70 total Gly+Ser to digestible Lys ratio . Diet 1 
(24.0% CP) served as the control diet containing supplemental l-Lys, 
dl-Met, and l-Thr . Additional l-Val, Gly, l-Ile, l-Arg, l-Trp, l-His, 
and l-Phe were sequentially supplemented in the order of limitation 
respective to diets 2 through 8. These additions were intended to meet 
the requirements of EAA as CP concentrations were reduced from diets 
2 to 8 (23.8, 22.7, 22.4, 22.0, 21.8, 20.5, and 20.3%). All diets were 
formulated to contain a digestible Lys concentration of 1.25% with ratios 
of TSAA, Thr, Val, Ile, Arg, Trp, His, and Phe at 0 .76, 0 .69, 0 .77, 0 .67, 
1.05, 0.17, 0.37, and 0.64 respectively. Birds and feed were weighed 
at 7, 14 and 21 d of age to determine body weight (BW) gain, feed 
intake (FI), and feed conversion ratio (FCR). At 21 d of age, blood was 
collected from 3 birds per pen to determine plasma uric acid concentra-
tion . Dietary treatments did not affect BW gain, FI, or FCR from 1 to 7 
and 1 to 14 d of age . From 1 to 21 d of age, birds fed diets containing 
supplemental His (20.5% CP) and Phe (20.3% CP) had lower (P < 
0 .05) BW gain and higher (P < 0 .05) FCR than those fed the control 
diet (24.0% CP). Plasma uric acid concentration was decreased (P < 
0.05) as CP was reduced beyond 1.6% points from 24.0% (diet 1) to 
22.4% or lower (diets 4 to 8). These data indicated that supplemental 
l-Lys, dl-Met, l-Thr, l-Val, Gly, l-Ile, l-Arg, and l-Trp could be used 
to meet EAA and Gly requirements of broilers for reducing dietary CP 
while maintaining live performance.

Key Words: broiler, crude protein, amino acid, glycine
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131   Effect of yeast cell wall supplementation on threonine 
requirements in broilers as measured by performance and 
intestinal morphology. Raghad A . Abdaljaleel*, Morouj Al-Ajeeli, 
Mohammed M. Hashim, Yasser J. Jameel, Akhil M. Alsadwi, and 
Christopher A . Bailey, Texas A & M University system, College 
Station,TX.

The aim of this study was to evaluate whether or not use of prebiotic 
yeast cell wall (Safmannan A) affects threonine requirements in broilers. 
Two hundred forty 1-d-old Ross 308 broiler chickens were distributed 
in 2 Petersime battery brooder units (48 pens; 5 birds per pen) . Dif-
ferent threonine to lysine ratios (0.6, 0.65, and 0.7 to 1.0) with 1.22% 
available lysine with and without yeast cell wall (YCW) at 250 ppm 
was fed to evaluate performance and intestinal morphology over a 21-d 
trial. A basal diet with 22% protein and 2,980 kcal/kg ME was prepared 
to create the 6 dietary treatments . The calculated lysine concentration 
was 1.34% while threonine was 0.81, 0.88, and 0.94% respectively. 
Pen weights and feed consumption were recorded at d 1, 7, 14, and 21 
of the experiment. Jejunal and ileal samples were collected on d 21 for 
histology analysis to evaluate villi height, crypt depth, villi width, and 
muscular thickness . A threonine to lysine ratio of 0 .7:1 .0 resulted in 
significantly improved in performance variables with increased jejunum 
villi width, crypt depth, and ileum villi height compared with the 2 lower 
threonine to lysine ratios .

Key Words: threonine, lysine, prebiotic, broiler, mucosa

132   Comparative efficacy of 2-hydroxy-4-methylthio-butanoic 
acid (HMTBA) relative to dl-methionine for laying hens fed on 
medium or low nutrient under restricted feeding regimen. Jian 
M . Wan*, Xue M . Ding, Jian P . Wang, Shi P . Bai, Huan W . Peng, Yu 
H . Luo, Zhuo W . Su, Yue Xuan, and Ke Y . Zhang, Animal Nutrition 
Institute, Sichuan Agricultural University, Chengdu, Sichuan, China.

Methionine-deficient diets are not used to compare dl-methionine 
(DLM) with dl-2-hydroxy-4-methylthio-butanoic acid (HMTBA) in 
field conditions. So the present study was carried out to investigate the 
effect of relative efficacy of HMTBA for laying hens fed on medium or 
low nutrient level diet under restricted feeding (approximately 110 g/
hen/d) on egg production and quality. A total of 2,000 Lohmann Layers 
(28-wk-old) were assigned to 10 treatments in a completely random-
ized design, with 10 replicate per treatment and 20 hens per replicate. 
The duration of the experiment was 10 wk. The efficacy of HMTBA 
relative to DLM was set at 80, 84, and 88% on weight basis, therefore 
0, 0.113, 0.108, 0.103% of HMTBA and 0.0916% of DLM were added 
to a low-nutrient-level basal diet (AMEn 10.8 MJ/kg, Dig Lys 0.61%, 
Dig Met 0.212%) and 0, 0.141, 0.134, 0.128% of HMTBA and 0.113% 
of DLM were added to a medium-nutrient-level basal diet (AMEn 11.3 
MJ/kg, Dig Lys 0.66%, Dig Met 0.226%). All data were analyzed using 
the GLM procedures of SAS (SAS Institute Inc.) as a 2-way ANOVA 
(2 dietary nutrient level, 5 methionine supplementing level) . Contrast 
statements were used to test the significance between HMTBA and DLM 

within each dietary nutrient level. Methionine deficiency significantly 
(P < 0.05) reduced the egg weight and eggshell weight regardless of 
the dietary nutrient level. Relative efficacy of HMTBA had no influence 
(P > 0.05) on any egg production or egg quality parameters (eggshell 
weight, eggshell thickness, eggshell strength, yolk color, eggwhite 
height or Haugh unit) of hens fed either medium or low nutrient level 
diet when compared with DLM supplemental treatment. In conclusion, 
HMTBA supplementation (as efficacy of 88% relative to DLM on weight 
basis) can be used as an effective methionine source in field condition 
regardless of dietary nutrient level .

Key Words: laying hen, methionine, 2-hydroxy-4-methylthio-buta-
noic acid, egg quality

133   Live performance of broilers fed diets with varying levels 
of synthetic methionine. Anthony Pokoo-Aikins*1, Jennifer R . Tim-
mons1, Samuel N. Mwangi1, and Randolph D . Mitchell2, 1University 
Of Maryland Eastern Shore, Princess Anne, MD, 2Perdue Farms Inc., 
Salisbury, MD.

Methionine (Met) is a critical amino acid in poultry production . Organic 
broiler diets are supplemented with synthetic (SYN) Met to meet the 
birds’ nutritional requirements. In 2012, the USDA reduced the amount 
of SYN Met permitted in organic broiler feed from 5 to 2 pounds (lb)/
ton. The objective of this experiment was to evaluate the performance 
effects of feeding supplemental levels of SYN Met (0, 1, 2, and 4lb/
ton) to broilers raised from 0 to 46/48d of age. The design of the trial 
was a randomized complete block with a 2 × 4 factorial arrangement 
of treatments (TRT) (2 sexes × 4 Met levels) and 4 replicates per TRT 
were used. Broilers were allocated at hatch to pens (44 males/pen and 
53 females/pen) and fed one of the 4 Met diets in a 3 phase feeding 
program (0–21, 22–35, and 36–46/48d of age). Birds fed the 0 and 1 
lb/ton Met diets were raised to 48 d of age to meet the 2.72-kg (6-lb) 
target weight for all TRT. The dependent variables measured included 
weight gain (WG), feed conversion ratio (FCR), feed consumed (FC), 
livability and feed cost (C). The addition of 0, 1, 2, and 4 lbs/ton of Met 
had a significant effect on WG at d 21 (574.8b, 605 .5a, 615 .5a, 631 .3a 
g, respectively), d 35 (1,418c, 1,492b, 1,514ab, 1,542a g, respectively) 
and d 46/48 (1,922b, 2,059a, 2,095a, 2,123ag, respectively) . Similarly, 
d 46/48 FCR of broilers fed the 1, 2, and 4lb/ton Met TRT was lower 
(P ≤ 0.05) compared with the d 46/48 FCR of broilers fed the 0 lb/ton 
Met TRT (1 .73b, 1 .72b, 1 .71b vs . 1 .84a, respectively) . Male broilers had 
higher (P ≤ 0.05) FC, WG, and C than female broilers for all phases. 
The male d 46/48 FC, WG, and C was higher (3,803 g, 2,249 g, and 
$1.06/kg, respectively) compared with the female d 46/48 FC, WG 
and C (3,213 g, 1,851 g, and $0.86/kg, respectively). Results suggest 
that the current USDA-permitted 2 lb/ton supplemental SYN Met level 
may reduce the WG of d46/48 broilers, but does not affect the FCR of 
organic broilers raised to d 46/48.

Key Words: synthetic methionine, amino acid, organic broiler
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Student Competition: Molecular and Cellular Biology

134   Expression of neuropeptide Y system in avian liver and 
its role in hepatic lipogenesis. Austin Decker*, Elizabeth Greene, 
Byung-Whi Kong, and Sami Dridi, Center of Excellence for Poultry 
Science, University of Arkansas, Fayetteville, AR.

Neuropeptide Y (NPY) is a 36-amino acid neuropeptide that is mainly 
found in the brain and plays a key role in the regulation of feed intake . 
Here, we are the first to report evidence that NPY and its related recep-
tors are expressed in chicken liver, the primary site of de novo fatty acid 
synthesis . To further explore the role of NPY in the liver, spontaneously 
immortalized chicken embryonic hepatocytes (CEL-im) were treated 
with recombinant human NPY (0, 1, or 100 nM) for 24 h . Total RNA 
and protein were extracted and analyzed by real-time PCR and Western 
blot, respectively. Data were analyzed by 1-way ANOVA, and results 
were considered significant when P < 0.05. Results showed that NPY 
had a biphasic effect on the hepatic expression of NPY-R1, 2, 5 and 6 
with an upregulation with the low dose and a downregulation with the 
high dose. Next, we tested the effects of NPY on hepatic lipogenesis. 
100 nM NPY upregulated the gene expression of acetyl-CoA carbox-
ylase α (ACCα), ATP citrate lyase (ATPcl), and malic enzyme (ME). 
Similarly, 100 nM NPY increased ATPcL, p-ACC (Ser79), ACC, and 
ME at the protein level . Stearoyl-CoA desaturase 1 (SCD-1) and sterol 
regulatory element-binding protein 1 and 2 (SREBP1 and 2) remained 
unchanged between all the treatment. Altogether, these data provided 
evidence that NPY system is expressed in avian liver and it is involved 
in the regulation of hepatic lipogenesis .

Key Words: neuropeptide Y (NPY), liver, CEL-im cells, lipogenesis, 
chicken

135   Ammonia elicits a different myogenic response in avian 
and murine myotubes. Rachel A . Stern*1, Srinivasan Dasarathy2, 
and Paul E . Mozdziak1, 1North Carolina State University, Raleigh, 
NC, 2Cleveland Clinic, Cleveland, OH.

Loss of muscle mass and increased myostatin (MSTN) expression, as a 
result of induced hyperammonemia, has been demonstrated in nearly all 
models of cirrhosis. However, there is evidence that hyperammonemia 
in avian embryos results in a reduction in MSTN expression, which 
suggests a proliferative myogenic environment . The objective of the 
study was to assess in vitro myotube and liver cell response to ammonia 
in murine and avian derived cells . Primary myoblasts and liver cells 
were isolated from embryonic d 15 and 17 chick embryos, and were 
compared with mouse myoblasts (C2C12) and liver cells (AML12). 
Cells were exposed to ammonium acetate, to determine the effects of 
hyperammonemia. All statistical analysis was performed using ANOVA, 
and Tukey-Kramer HSD for multiple treatment comparisons . Relative 
expression of MSTN, determined by quantitative real-time PCR, was 
significantly increased in ammonium acetate (10 mM) treated C2C12 
myotubes compared with both ages of chick embryonic myotubes, after 
48 h (P < 0.02). Western blot analysis confirmed a significant increase 
in MSTN protein in ammonium acetate treated C2C12 myotubes com-
pared with sodium acetate treated controls. Chick embryonic myotubes 
showed a decrease in MSTN protein in ammonium acetate treated 
myotubes compared with the controls. 2’,7’-Bis-(2-carboxyethyl)-
5-(and-6)-carboxyfluorescein, acetoxymethyl ester (BCECF-AM) was 
used to evaluate the effect of ammonium acetate (2 .5, 5, 10 mM) on 
cell viability in myotubes, and liver cell cultures at 24 and 48 h . There 
was no significant difference in cell viability between murine and avian 

derived liver cells. However, after 24 h of ammonium acetate treatment, 
avian derived myotubes showed a significant increase in cell viability 
compared with C2C12 myotubes (P < 0 .05) . Overall, it appears that 
there is a positive myogenic response to hyperammonemia in avian 
models of cirrhosis, compared with rodent models, which is expected 
to increase muscle growth.

Key Words: myostatin, myogenesis, myoblast, hyperammonemia, 
liver

136   Evidence of hormone receptors in mitochondria of QM7 
cells and breast muscle of quail and broilers. Kentu Lassiter*1, 
Sami Dridi1, Elizabeth Greene1, Nick Hudson3, Byung-Whi Kong1, 
Luc R . Bergman2, and Walter G . Bottje1, 1Department of Poultry Sci-
ence, University of Arkansas, Fayetteville, AR, 2Department of Poul-
try Science, Texas A&M University, College Station, TX, 3Department 
of Animal Science, University of Queensland, St. Lucia, Australia.

Whereas steroid and thyroid hormone mitochondrial receptors have 
been documented in mammalian cells, analogous receptors have not 
been identified in avian mitochondria. Therefore, this study was con-
ducted to determine the presence of receptors for progesterone (PR), 
glucocorticoid (GR), and thyroid (TR), as well as insulin (IR) in nuclear, 
cytosolic and mitochondrial compartments in an avian muscle cell line 
(quail muscle 7, QM7) and in breast muscle from quail and broilers (meat 
chicken). QM7 cells were stained with Mito Tracker Deep Red CMX, 
fixed and immune stained with anti-PR, anti-GR, anti-TR, and anti-IR 
primary antibodies overnight at 4°C and visualized with Alexa Fluor 
488-conjugated secondary antibody. After staining the nucleus with 
DAPI, images were obtained by immunofluorescence microscopy. The 
results indicate that all hormone receptors were detected in the nucleus 
and cytosol in QM7 cells . Merged images clearly revealed PR, GR, and 
TR in mitochondria of QM7 cells with some evidence of mitochondrial 
IR as well. Western analysis was conducted on each cellular compart-
ment in QM7 cells and breast muscle tissue from quail and broilers. In 
QM7 cells, antibody binding of the mitochondrial fraction was observed 
for PR, IR, and TR, but not GR. In the muscle from quail and broilers, 
(1) PR and TR antibody binding was in the mitochondrial fraction, (2) 
IR detected in the nucleus only, and (3) GR detected in mitochondria 
and cytosol in quail with only a faint signal observed for mitochondria 
and cytosol in broilers . The results provide evidence of the localization 
of PR, TR, GR and IR receptors in mitochondria of QM7 cells and for 
PR and TR in mitochondria of breast muscle from quail and broilers. 
Although their role in the mitochondria is still unknown, we hypothesize 
that they may be involved in mitochondrial function and bioenergetics .

Key Words: mitochondrial receptor, steroid and thyroid hormone, 
QM7 cells, broiler, quail

137   Effect of different levels of 20(S)-hydroxycholesterol on 
osteogenic and myogenic differentiation of mesenchymal stem 
cells isolated from compact bones of broilers. Roshan Adhikari* 
and Woo Kyun Kim, University of Georgia, Athens, GA.

Two studies were conducted to evaluate the effect of different levels 
of 20(S)-hydroxycholesterol (20(S)) on osteogenic and myogenic dif-
ferentiation of mesenchymal stem cells (MSCs) isolated from compact 
bones of broilers. In study 1, upon confluency MSCs were treated with 
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1 of 5 treatments: control (C), osteogenic media [OM = Dulbecco’s 
modified Eagle’s medium (DMEM) with 5% fetal bovine serum, 
50 μg/mL ascorbate, 0.1 μM Dexamethasone (DXA), and 10 mM 
β-glycerolphosphate], OM with 2.5, 5, and 10 μM  20(S) . In study 2, 
cell were treated with myogenic media (MM = DMEM with 5% horse 
serum, 10−7 DXA, and 50 μM hydrocortisone) and MM with 2.5, 5, and 
10 μM 20(S). Cytochemistry was conducted at 7 and 14 d to observe 
osteogenic differentiation of cells. RNA was extracted from cells at 24 
h, 72 h, and 7 d in study 1 and at 72 h, 7 d, and 14 d in study 2; qRT-
PCR was used to analyze expression of key osteogenic and myogenic 
mRNA transcripts. Cells treated with 20(S) induced higher proportion of 
Alizarin Red and Von Kossa (mineralization) and alkaline phosphatase 
stained area (early osteogenic marker) compared with OM and C. In 
study 1, 10 μM 20(S) significantly increased COL1A2, BSP, and BMP2 
mRNA expression at 24 h, whereas 5 μM 20(S) significantly increased 
expression of BMP2 at 7 d compared with C. Addition of 10 μM 20(S) 
induced highest GLI1 mRNA expression compared with other treat-
ments at all time point; 10 μM 20(S) significantly increased expression 
of BGLAP at 7 d compared with other treatments. In study 2, 10 μM 
20(S) significantly increased myogenin and MyoD mRNA expression 
at 72 h, and 5 μM 20(S) increased MyoD expression at 7 d compared 
with C. BMP/GLI1 signaling network has been reported to control and 
regulate fate of mesenchymal stem cells differentiation into osteogenic 
progenitor cells . ALP, BSP and Col1A2 are early markers of osteoblast 
differentiation and mineralization . Myogenic differentiation is regulated 
by myogenic regulatory factors MyoD and myogenin . Results indicated 
that 20(S) could induce stimulatory effects on osteogenic and myogenic 
differentiation of chicken MSCs .

Key Words: broiler, mesenchymal stem cell, myogenesis, osteogen-
esis, 20(S)-hydroxycholesterol

138   Withdrawn

139   Broiler breeder diet enriched in n-3 fatty acids programs 
chicks for reduced fatness. Ronique C. Beckford*1, Sarah Howard1, 
Suchita Das1, Abigail Tester1, Shawn Campagna1, Jay Whelan1, 
Jeanna L . Wilson2, Michael O . Smith1, and Brynn Voy1, 1University 
of Tennessee, Knoxville, TN, 2University of Georgia, Athens, GA.

Omega-3 (n-3) long-chain polyunsaturated fatty acids (n-3 LCPUFA) 
and their metabolites activate nuclear receptors that control lipid 
metabolism and adipose development . We hypothesized that enriching 
developing adipose tissue of broiler chicks in n-3 LCPUFA would reduce 
fatness by increasing fatty acid oxidation and decreasing adipogenesis . 
Sixty Cobb 500 broiler breeders were fed a diet containing either 5% 
fish oil (FO) or 5% corn oil (CO). After 4 wk, eggs were collected, set, 
and hatched, and chicks were fed a CO-based diet. Fish oil and CO 
chicks differed only in the oil source fed to the hen . At d 7 and 14, chicks 
were weighed, euthanized, and blood, liver, breast, and subcutaneous 
and abdominal fat harvested. Maternal diet, age, and diet × age effects 
on performance traits, adiposity, tissue fatty acids, and gene expression 
were determined using mixed model ANOVA and LS-means (SAS v9.4, 
Cary NC). Hen dietary fat source did not significantly affect performance 
traits . Phospholipids and total lipids in muscle and adipose tissue of 
FO-chicks were significantly enriched in eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) species relative to CO-chicks, with 
corresponding reductions in n-6 LCPUFA (e .g ., arachidonic acid; P < 
0.05). FO-chicks had significantly reduced adiposity (fat pad wt/body 
wt) for both adipose depots (P < 0 .05) . Adipose tissue of FO-chicks 
showed significant upregulation of peroxisome proliferator-activated 

receptor-γ (PPARγ) (4.4×) and PPARγ coactivator 1B (3.4×), and 
downregulation of lipoprotein lipase (−2.1×), suggesting that maternal 
FO enhanced adipogenesis and mitochondrial biogenesis but reduced 
fatty acid uptake . We conclude that enriching the broiler hen diet in 
n-3 LCPUFA programs chicks toward reduced adiposity, potentially by 
favoring formation of smaller, more oxidative adipocytes .

Key Words: dietary enrichment, PUFA, adipose

140   Feed restriction alters DICER1 gene and protein expres-
sion in avian tissues. Phuong H . Nguyen*1, Elizabeth Greene1, 
Kaley Blankenship1, Sara Orlowski1, Alex Gilly1, Annie Donoghue2, 
F . Dustan Clark1, Nicholas B . Anthony1, and Sami Dridi1, 1Center of 
Excellence for Poultry Science, University of Arkansas, Fayetteville, 
AR, 2USDA, Agricultural Research Service, Poultry Production and 
Product Safety Research Unit, Fayetteville, AR.

DICER1, the RNase III endonuclease, is a key enzyme in miRNA 
biogenesis which plays key roles in many cellular processes including 
metabolism . DICER1 dysregulation-induced miRNA biogenesis altera-
tion has been causally linked to several human diseases . In avian species, 
the role of DICER1 and its regulation are still unknown. Therefore, this 
study aims to examine the regulation of DICER1 by nutritional state and 
genetic factors in avian species. Two experiments were conducted on 
Japanese quail and chicken. In the first experiment, 16 week-old quails 
from the Arkansas Heavy RBC were caged individually and subjected 
to 2 nutritional states: fasting for 24 or 48 h and refeeding for 3 h after 
each fasting period. The ad libitum-fed group was used as a control. 
In the second experiment, 4 commercial broiler crosses followed a 
typical commercial breeder feed restriction program from 14 to 56 d 
of age, then assigned to 2 feeding regimens equally and randomly by 
line: restricted or ad libitum finisher diet for next 2 weeks. Brain, liver 
and leg muscle were collected for DICER1 gene and protein expression 
analysis by qPCR and Western blot, respectively. The data were analyzed 
by ANOVA and Tukey test. DICER1 gene expression was upregulated 
in liver of 48-h-fasted quails compared with the control group and was 
then downregulated after 3-h refeeding (P < 0 .05) . Protein expression 
of DICER1 in liver of 24-h-fasted quails was downregulated when 
compared with the control group. In chicken, feed restriction upregu-
lated DICER1 gene expression in the liver. However, Dicer protein 
expression in liver seems to be line dependent and was downregulated 
in feed restricted birds . Our data indicate that DICER1 is responsive to 
the nutritional state (fasting) and it may be involved in the regulation 
of energy homeostasis .

Key Words: DICER, quail, chicken, feed restriction

141   Characterization of a putative bile salt hydrolase from 
Lactobacillus crispatus ST1. Timothy J . Broderick*, Tyler E . Askel-
son, and Tri Duong, Texas A&M University, College Station, TX.

Lactobacillus species are important inhabitants of the gastrointestinal 
tract widely used as probiotics because of their health promoting 
properties . Administration of probiotic Lactobacillus in poultry has 
been demonstrated to improve animal health, growth performance, and 
microbial food safety and is thought to be a potentially important compo-
nent of antibiotic free management programs . Although gastrointestinal 
colonization is thought to be critical to their probiotic functionality, the 
mechanisms important to colonization of Lactobacillus in chickens have 
not been well characterized. Tolerance to bile is often used as a criterion 
for the selection of probiotic cultures and has recently been implicated 
as a factor likely to contribute to the persistence of Lactobacillus in 
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the digestive tract of broiler chickens . Analysis of the genome of Lac-
tobacillus crispatus ST1 revealed a putative chologlycine hydrolase 
(cbh), potentially important in bile tolerance, which was not found in 
Lactobacillus gallinarum ATCC 33199 . The objective of this study is to 
investigate the role of this putative bile salt hydrolase in bile tolerance 
of Lactobacillus. L. crispatus cbh was recombinant expressed in L. 
gallinarum using the pTRK882 expression system . Bile salt hydrolase 
activity of recombinant L. gallinarum was characterized using media 
supplemented with glycocholic acid (GCA), glycodeoxycholic acid 
(GDCA), taurocholic acid (TCA), and taurodeoxycholic acid (TDCA) . 
Heterologous expression of cbh increased bile salt hydrolase activity 
of L. gallinarum compared with an empty vector control. Additionally, 
the enzymatic activity of cbh appeared to exhibit a specific preference 
for deconjugation of cholic acid forms over deoxycholic acid forms 
of the bile salts. These results will inform future studies investigating 
the role of bile tolerance in the persistence of Lactobacillus cultures 
in the gastrointestinal tract of poultry . A mechanistic understanding of 
gastrointestinal persistence will contribute to the improved selection 
and application of probiotic cultures in poultry production .

Key Words: Lactobacillus, direct-fed microbial, bile hydrolase, bile 
salts

142   Targeted gene inactivation in Lactobacillus gallinarum 
ATCC 33199. Tyler E . Askelson*, Anna K . Barker, and Tri Duong, 
Texas A&M University, College Station, TX.

Lactobacillus species are widely used as probiotics because of their 
health promoting properties . When administered to poultry, they have 

been demonstrated to promote growth, stimulate immune responses, 
and reduce intestinal colonization of pathogens . Although probiotics 
are used widely in poultry production, the mechanisms responsible for 
their functionality are not well understood. Lactobacillus gallinarum 
ATCC 33199, originally isolated from the chicken crop, has been 
demonstrated to be a strong colonizer of the gastrointestinal tract and 
be readily transformed . Additionally, the availability of a complete 
genome sequence suggests this bacterium as an important model organ-
ism for investigating probiotic functionality in poultry . The pORI28 
chromosomal integration system has been used to construct targeted 
gene insertion knockout mutants in a wide range of lactobacilli but 
has not been used in a Lactobacillus culture isolated from poultry . The 
objective of this study is to demonstrate the functionality of the pORI28 
system in L. gallinarum ATCC 33199 using insertional inactivation of 
lacL, encoding β-galactosidase, as proof-of-principle. A 651-bp internal 
fragment from lacL was cloned into pORI28 to direct a chromosomal 
integration by homologous recombination . Disruption of lacL was 
confirmed using Southern hybridization. Insertion of pORI28 in lacL 
inactivated β-galactosidase activity and abolished the ability of L. gal-
linarum to grow on lactose. Propagation in the absence of antibiotic 
selection using media supplemented with X-gal revealed the rate of 
reversion for lacL integrant to be less than 5% over 50 generations. The 
establishment of an effective chromosomal integration system for L. 
gallinarum ATCC 33199 will provide a platform for functional genomic 
analyses to investigate the functionality of these probiotic organisms in 
the gastrointestinal tract of poultry .

Key Words: Lactobacillus, probiotic, direct-fed microbial, chromo-
somal integration, β-galactosidase
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Student Competition: Genetics and Genomics

143   Predicting ascites incidence in altitude-challenged broilers 
using single nucleotide polymorphisms. Katy J . Tarrant*1, Ashlee 
Lund2, Janet E . Fulton2, Douglas D . Rhoads1, and Nicholas B . 
Anthony1, 1University of Arkansas, 2Hy-Line International.

Challenging broiler lines to induce ascites in an industry setting is time 
consuming and reduces genetic accuracy with the implementation of 
sibling selection . The purpose of this study is to evaluate the effective-
ness of prediction models developed with single nucleotide polymor-
phisms (SNP) with the goal of predicting ascites incidence. Ascites is the 
product of adverse changes in a broiler that results in losses estimated 
at $100 million/year. Researchers at the University of Arkansas have 
developed research lines divergently selected for ascites incidence (RES 
and SUS) from an elite pedigreed broiler line, and maintain those lines 
along with an unselected control (REL) representing the founder popula-
tion. A multi-generational genome wide association study (GWAS) in 
REL identified chromosomal regions associated with ascites incidence 
in males when challenged at high altitude. From the identified regions 
of significance 8 SNP were identified on chromosome 11, and 12 SNP 
were identified on chromosome Z. Ascites phenotype and genotype 
data for these SNP were collected for 295 male and female individuals 
originating with the RES, SUS, and REL lines. Five regression model-
ing techniques were compared with create prediction models using a 
70/30 validation. The best fit model was then selected for each sex based 
criteria including R2, root mean squared error (RMSE), and misclas-
sification rate (MC). For both sexes, the neural networking model is the 
best fit prediction model. In males the training and validation data set R2 
are 0.999 and 0.955, respectively, with a RMSE of 0.096 and 0.044 and 
MC of 0 .000 and 0 .025 . In females the training and validation data set 
R2 are 0.977 and 0.886, respectively, with a RMSE of 0.130 and 0.232 
and MC of 0 .021 and 0 .073 . The high R2 values and low RMSE and MC 
values indicate a high prediction accuracy in the models . Additionally, 
the similarity in the training and validation data sets indicate that for 
males, this is a well fit model. Therefore, with a high level of accuracy, 
we have elucidated the genetic predictors to ascites outcome in male 
broilers from an elite line of the 1990s .

Key Words: ascites, broiler, genome-wide association study, predic-
tion, SNP

144   Exploring the effect of host genotype and environment 
on gut microbiomes in broiler chickens. Rabindra K . Mandal*1, 
Audrianna Rogers1, Nicholas B . Anthony1, and Young Min Kwon1,2, 
1Department of Poultry Science, University of Arkansas, Fayetteville, 
AR, 2Cell and Molecular Biology Program, University of Arkansas, 
Fayetteville, AR.

Gut microbiomes play a crucial role in health and disease of chickens by 
regulating metabolic functions, body weight (BW), energy, and immune 
homeostasis . Selective pressures that alter the gut microbiomes include 
host genotype, age, sex, feed, health status, and environmental conditions 
among others. In this work, we have attempted to reveal the effect of 3 
chicken lines (commercial, jungle fowl, and randomized) at 5 ages (2, 7, 
14, 28, and 42 d) with 2 litter type (clean and dirty) on the composition 
of cecal microbiomes in 126 samples . Hypervariable region V1-V2-V3 
of 16S rRNA marker gene was amplified and sequenced using MiSeq via 
300 paired-end cycles. Data were analyzed with Quantitative Insights 
Into Microbial Ecology (QIIME) . Operational taxonomic units (OTU) 
were clustered with uclust using open reference OTU picking at 97% 

similarity level against Greengenes database. Overall, chicken ceca were 
dominated by Bacteroidetes (40%), Firmicutes (31.4%), Proteobacte-
ria (7.8%), Tenericutes (0.8%), and unassigned reads (18.4%). Alpha 
diversity (Chao1) index was significantly different between commercial 
line and jungle fowl (P < 0 .03) . Additionally, age and litter categories 
had significant effect on Chao1 index (P < 0.01). However, β diversity 
analysis only showed distinct clustering only for different age categories 
(R = 0 .542, P < 0 .001) . These data suggests the age had profound effect 
on the cecal microbiome composition and diversity as compared with 
chicken lines and litter types in our experimental settings . It is expected 
that unravelling the key players in gut microbiomes participating in the 
metabolism and homeostasis in broiler chickens will help increase the 
growth performance and well-being of broiler chickens.

Key Words: broiler, host genotype, cecal microbiome, environment, 
16S rRNA gene

145   Expression of gene for endocannabinoid metabolism 
and receptors in four tissues in response to feed consumption 
in broiler hens. Liliana Yadira, Nolasco Isaula*1, Ning Liu2, Geen 
Hyeun Choi1, Tara Price1, Adam Kieffer1, and Rosemary Walzem1, 
1Department of Poultry Science, Texas A&M University, College 
Station, TX, 2College of Animal Science and Technology, Henan 
University of Science and Technology, Luoyang, China.

The endocannabinoid system participates in mammalian energy 
homeostasis and influenced feed intake and obesity. Obesity is related 
to impaired reproduction in mammals and avian . Broiler hens easily 
become obese in the absence of feed restriction and create a trade-off 
that decreases adult female reproductive . A total of 20 broiler hens 
at 29 wk of age were used to form 2 groups. Groups were randomly 
assigned to either feed restricted 167 g/d (FR-hens) in accordance with 
breeder recommendation or ad libitum 257 g/d (AL-hens) for 10 d. 
Body weight gain, liver weight, abdominal adipose and oviduct rela-
tive to body weight, eggs laid in 10 d, egg and yolk weight, egg shell 
thickness, ovary weight and follicle number were recorded. Tissue from 
cerebellum, liver, abdominal adipose and ileum were collected for gene 
expression analysis using qRT-PCR and primers developed and validated 
for chicken cannabinoid receptor 1 and 2 (CB1 and CB2), fatty acid 
amide hydrolase (FAAH), N-acyl phosphatidylethanolamine phospho-
lipase D (NAPEPLD) and G protein-coupled receptor 119 (GPR 119) . 
AL-hens significantly increased the body and liver weights. FR-hens 
had lower ovary and yolk weights, follicle number, eggshell thickness 
than AL-hens. Feed intake significantly influenced expression (ΔCt) 
of all nearly genes studied . In general feed restriction increased CB1, 
CB2 and FAAH expression while decreasing expression of GPR119 
and NAPEPLD in all 4 tissues examined . Feed intake had no effect on 
expression of CB1 and FAAH in liver or GPR119 in adipose . Prelimi-
nary positive correlations were found between CB1, CB2 and FAAH 
expression and relative liver weight, ovary weight and follicle numbers. 
Negative correlations were found for NAPELD and GPR119 expression 
and these same parameters. These finding showed that expression of 
genes in the endocannabinoid system can be modified by the amounts of 
feed consumed by broiler hens and that feed intake dependent changes 
in gene expression could correlate to physiological outcomes in liver 
and ovary of differentially fed broiler hens .

Key Words: endocannabinoid, gene expression, feed consumption, 
broiler hen
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Student Competition: Processing and Products

146   Evaluation of production, quality parameters, and sensory 
attributes of eggs from Hy-line Brown layers fed soybean and 
soybean free diets using a caged and cage-free rearing system. 
Morouj N . Al-Ajeeli*, Yasser J . Jameel, Raghad A . Abduljaleel, 
Mohammed M . Hashim, Hector Leyva-Jimenez, and Christopher A . 
Bailey, Texas A&M University, College Station, TX.

The objectives of this study were to (1) evaluate egg quality parameters, 
and (2) conduct scrambled and hard cooked sensory tests of eggs from 
Hy-line Brown commercial layers fed soybean and soybean-free diets 
using cage and cage-free rearing systems. A total of 246 layers, 30 wk 
old, were divided into 2 groups housed individually in either wire cages 
(120 hens) or grouped in a cage free system (126 hens) with open access 
to the ambient environment. The cage system consisted of 6 replicates/
treatment of 10 hens/rep, and the cage free system consisted of 3 rep-
licates/treatment of 21 hens/rep. Diets were formulated based on the 
nutrient requirements suggested by the Hy-line management guide for 
those hens. Eggs were collected daily and egg weight (g) was recorded 
weekly. Egg quality data was collected at 2-wk intervals during the study 
to evaluate albumen height (µm), shell thickness, breaking strength, and 
Haugh unit. Scrambled and hard cooked egg tests were conducted to 
evaluate overall like or dislike of flavor, texture, odor, and color using 
the 9-point hedonic scale test. Samples were placed in separate weigh 
boats labeled with 3 digit codes to avoid visual bias. These codes were 
used to evaluate the effect of each treatment on egg quality. Results 
demonstrated no difference in egg production in both systems except 
in the first month; the soybean diet had significantly higher egg produc-
tion than the soybean-free diet. Egg weight was significantly higher for 
the soybean diet in the cage facility throughout the study while for the 
cage-free system egg weight was only higher during the first 2 mo on 
the soybean diet. No significant differences were observed in egg qual-
ity parameters between diets in both rearing facilities. For the sensory 
evaluation tests, results indicated that there was no significant difference 
between diets for either rearing system.

Key Words: brown egg, sensory, soybean, laying hen, cage free

147   Effects of reduced digestible lysine density on myopathies 
of the Pectoralis major muscles in broiler chickens at 46 d of age. 
Kathryn J . Meloche*1, Bryan I . Fancher2, Sarge F . Bilgili1, Derek A . 
Emmerson2, and William A . Dozier III1, 1Auburn University, Auburn, 
AL, 2Aviagen Inc., Huntsville, AL.

Quantitative control of nutrient intake may decrease the incidence of 
wooden breast (WB) and white striping (WS) with some impairment 
of live performance. An experiment was conducted to determine if a 
similar reduction in myopathies might be obtained qualitatively by 
reducing digestible lysine (dLys) density . Male broiler chicks of a high-
yielding commercial strain were placed into 63 pens (25 birds/pen). All 
birds received an identical prestarter diet until 11 d, then each pen was 
randomly assigned to 1 of the following 7 dietary treatments (TRT) for 
the Grower 1 (G1; 12 to 18 d) and Grower 2 (G2; 19 to 26 d) phases: 
(1) 100% of primary breeder recommendations for dLys throughout 
experiment; (2) 85% of TRT 1 dLys for G1; (3) 85% of TRT 1 dLys for 
G2; (4) 85% of TRT 1 dLys for G1 and G2; (5) 75% of TRT 1 dLys for 
G1; (6) 75% of TRT 1 dLys for G2; (7) 75% of TRT 1 for G1 and G2. 
Thereafter, all birds received common finisher (27 to 42 d) and with-
drawal (43 to 46 d) diets that met primary breeder recommendations. 
Diets were formulated to be isocaloric. Ideal amino acid ratios were 

not maintained in reduced dLys diets, with only dLys being modified. 
Individual BW was recorded at 18, 26, 35, 43, and 46 d of age. Blood 
samples were collected from 4 birds per pen at 17, 25, 34, and 42 d of 
age and were subsequently analyzed for plasma creatine kinase (CK) 
and lactate dehydrogenase (LDH). At 46 d of age, 18 birds per pen were 
selected for processing and fillets were visually scored for WB and WS. 
No differences (P > 0.05) between TRT 1 and the remaining TRT were 
observed for BW gain, feed intake, feed conversion ratio, or mortality . 
Broilers receiving TRT 3, 5, and 7 had reduced (P < 0 .0001) dLys intake 
compared with those receiving TRT 1. The incidence of severe WB 
(20.4%) and WS (42.3%) among birds receiving TRT 7 was reduced (P 
< 0.01) compared with TRT 1 (WB: 36.2%; WS: 64.5%). Plasma CK 
and LDH increased (P ≤ 0.05) with increasing scores for WB. These 
results indicate that altering dietary dLys during critical periods of the 
growth trajectory may be a viable strategy for reducing the incidence 
and severity of WB and WS .

Key Words: broiler, lysine, wooden breast, breast fillet, myopathy

148   Carvacrol reduces both Campylobacter and aerobic counts 
on broiler chicken skin. Sandip Shrestha*1, Basanta R . Wagle1, 
Komala Arsi1, Abhinav Upadhyay1, Pam J . Blore1, Annie M . Dono-
ghue3, Kumar Venkitanarayanan2, and Dan J . Donoghue1, 1University 
of Arkansas, Fayetteville, AR, 2University of Connecticut, Storrs, CT, 
3Poultry Production and Product Safety Research Unit, ARS, USDA, 
Fayetteville, AR.

Campylobacter is the leading cause of human foodborne disease world-
wide and epidemiological investigations suggest that human infections 
are often associated with cross-contamination of raw chicken meat with 
other food products . Many strategies are currently being investigated to 
reduce Campylobacter counts on commercially produced chicken and 
chicken products . Unfortunately, most of the strategies have been met 
with limited success. Use of plant-derived compounds with antimicrobial 
activity, such as carvacrol (CR), a component of wild oregano oil, could 
be an effective strategy to reduce Campylobacter counts in post-harvest 
poultry. Preliminary studies with CR demonstrated anti-Campylobacter 
activity, in vitro. In this study, we evaluated the efficacy of CR against 
Campylobacter on chicken thigh skin. A total of 2 trials were conducted. 
For each trial, 75 skin samples (4 × 4 cm each) were randomly allocated 
into 5 treatment groups (0, 0.25, 0.5, 1, and 2% CR). Skin samples were 
inoculated with a cocktail of 4 wild strains of C. jejuni (~8 log10 cfu/
skin) and then allowed to adhere for 30 min. Inoculated samples were 
dipped in respective wash treatment solution for 1 min, allowed to drip 
dry for 2 min and were processed at 0, 8, and 24 h post-treatment (n = 
5/time point/treatment group) for enumeration of Campylobacter and 
aerobic bacterial counts. The data were analyzed by ANOVA using 
GLM procedure of SAS 9.3 and expressed as LSMEANS with differ-
ences considered significant at P < 0.05. Aerobic counts were reduced 
for the 0.5% CR dose at 0 and 24 h in trial 1 and at 0, 8 and 24 h in 
trial 2. The 1 and 2% CR doses consistently reduced aerobic counts in 
both trials (up to 2 log10 cfu/skin). The 0.25, 0.5, 1, and 2% CR doses 
consistently reduced Campylobacter counts (up to 4 log10 cfu/skin) in 
both trials . These results support the potential use of CR to reduce both 
aerobic and Campylobacter counts on postharvest chicken products .

Key Words: Campylobacter jejuni, carvacrol, chicken skin, 
postharvest
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149   Comparison of two methods for determining cook loss 
in broiler breast meat. Gerardo Casco* and Christine Z . Alvarado, 
Department of Poultry Science, Texas A&M University, College Sta-
tion, TX.

Cook loss percent (CL) is a quality measure used to determine the water 
holding capacity of meat . Current methods of determining cook loss 
in breast meat are time consuming and require large sample sizes. The 
objective of this study was to determine if modification of the oven 
method could have statistical similarities to the current method . Broiler 
butterflies where obtained from a commercial supplier and split in half 
(n = 30). The weight and pH values of labeled left and right fillets were 
individually recorded to account for possible variation from the muscle 
tissue. The left fillets (LF) was used for the oven method (OM) and 
grouped in 100g increments before placing them in aluminum pans 
with a pre-oiled metal grill. Thermocouples were placed on the cranial 
side of 2 breast fillets per pan, to record final internal temperature. Pans 
were covered with aluminum foil and placed in a gas convection oven 
at 177C until the internal temperature of the meat reached 73C . The 
pans were allowed to cool for 15min before re-weighing the fillets. The 
right fillet (RF) was used for the modified method (MOD) by duplicate 
portioning the cranial section 61- × 52- × 13-mm rectangles and split 
into 2 sections before cooking using the OM . A 2-sample t-test using α 
= 0.05 comparing both cook loss methods was performed. Variance was 
determined with an F-test using α = 0.05. The weight and pH means of 
the LF and RF were not different (P > 0 .05) from each other indicating 
that the majority of variation observed was possibly from the effect 
of the cooking method. The observed variance between the 2 cooking 
methods did not affect (P = 0 .2540) the possible differences observed 
in the means. The OM CL mean (22.63 ± 2.23) was not different (P = 
0.0938; 1-β = 0.418) from the MOD CL mean (20.84 ± 3.14). However, 
we observed that cooking times from the MOD (40 min) were reduced 
compared with the OM (75 min) and more samples per tray could be 
cooked at the same time. In conclusion, the modified CL method was 
statistically similar to the original oven method and could be used as a 
rapid method to measure breast meat cook loss .

Key Words: cook loss, breast, water holding capacity

150   Functionality of a native rice starch compared to modified 
corn starches in marinated chicken breast meat. Jiyang Fang*, 
Gerardo Casco, and Christine Z . Alvarado, Department of Poultry 
Science, Texas A&M University, College Station, TX.

The objective of this study was to evaluate the effect of a native rice 
starch (RS) compared with other 2 modified corn starches (CSA, CSB) 
on yield, texture, and sensory of marinated chicken breast . A total of 
300 chicken breast fillets (5 treatments, 2 replications) were injected 
then tumbled with 20% brine resulting in 0.48% STPP and 0.55% salt 
(Control) or as treatments with added starches (1.0% RS (A), 1.5% RS 
(B), 1.5% CSA (C) or 1.5% CSB (D)). Samples were cooked, vacuum 
packaged, and blast frozen for 1 wk, thawed and reheated until internal 
temperature reached 74C. Injection yield (%), tumbled yield (%), cook 
loss (%), thaw loss (%), reheat loss (%), and final retention (%) were 
calculated, and Warner-Bratzler shear force (N) (n = 150) were deter-
mined. A consumer sensory panel (n = 51) was conducted for reheated 
samples using a 9-point hedonic scale. All data were analyzed by SAS 
GLM with Duncan’s multiple range test using P < 0 .05 . Control had the 
highest (P < 0.05) cook loss (22.74) when compared with treatments 
B (14.87) and D (14.74) which had lower cook loss (P < 0.05) when 

compared with A (16.68) and C (16.47). Control (14.10) also had the 
highest (P < 0.05) reheat loss when compared with C (8.15) which was 
similar (P > 0.05) to B (9.27) but lower (P < 0 .05) than A (10 .35) and D 
(10.07). Control had the lowest (P < 0.05) final retention (64.42) when 
compared with treatments B (73.53), C (73.68) and D (73.60) which 
were not different from each other. A higher (P < 0.05) shear force was 
found in the control (2.83), whereas B (1.65), C (1.74) and D (1.73) 
had similar (P > 0 .05) shear values . All the treatments had similar (P 
> 0.05) sensory scores in appearance, flavor, tenderness and overall 
liking. Juiciness scores of B (6.76), C (6.84) and D (6.90) were similar 
(P > 0 .05) but higher (P < 0 .05) than the control (5 .33) . In conclusion, 
addition of RS at 1.5% level in marinated chicken breast had similar or 
better functionality compared with CSA and CSB at 1.5% level.

Key Words: rice starch, corn starch, marinate, breast

151   Using peak counts in shear data to detect woody breast 
in cooked broiler fillets. Xiao Sun*1,2, Famous L . Yang2, Jessica 
L . Solo2, Barbara A . Mallmann2, Craig N . Coon2, and Casey M . 
Owens2, 1College of Engineering, Nanjing Agricultural University, 
Nanjing, Jiangsu, China, 2Poultry Science Department, University of 
Arkansas, Fayetteville, AR.

Woody breast (WB) has been a major quality issue recently in the 
poultry industry which is observed as a distinct hardness of breast 
fillet. This study was conducted to determine the shear properties using 
Meullenet-Owens razor shear (MORS) and Blunt-MORS (BMORS) 
on cooked fillets with varying degrees of WB that were stored fresh 
(4C) or frozen (−20C). Additionally, a new method of peak counting 
on MORS and BMORS data was used to identify WB categories by 
assessing inner texture features. Whole breast fillets scored in 3 woody 
categories (NORM, MOD, and SEV, n = 20 reps/group) were collected 
from 8wk old broilers deboned at 2h postmortem. Left fillets were 
cooked to an internal temperature to 76C at 24h postmortem. Right fil-
lets were vacuum packed, stored frozen for 3wk, thawed overnight at 
a 4C, and then cooked to 76C, cook loss was determined. Fillets were 
sheared in 4 locations in the cranial region with MORS and BMORS 
probes using the TA .XTPlus Texture Analyzer (Texture Technologies 
Corp., Hamilton, MA/Stable Micro Systems, Godalming, UK). The 
energy (MORSE, BMORSE), peak counts from shear curve of MORS 
(PC-MORS) and BMORS (PC-BMORS) were recorded on each fillet. 
Cook loss was higher (P < 0.05) in SEV fillets than MOD and NORM 
which were similar (P > 0.05) in either fresh or frozen fillets. There 
were no differences (P > 0 .05) in MORSE due to WB categories, but 
BMORSE was higher (P < 0.05) in SEV fillets compared with MOD 
and NORM fresh fillets. SEV fillets had higher (P < 0 .05) PC-MORS 
than MOD and NORM fillets whereas PC-BMORS increased (P < 
0 .05) as severity of WB increased in the 2 storage methods . MORSE 
and BMORSE of most WB categories were higher (P < 0 .05) in frozen 
fillets than fresh except BMORSE of SEV fillets, which were not affected 
by storage method . The results indicate that SEV WB in both storage 
methods negatively affect cook loss and shear properties (excluding 
MORSE). The new method of peak counting using the TA.XTPlus was 
useful in distinguishing among WB categories. The PC-BMORS was 
able to detect differences between each category and was not affected 
by storage method of fresh or frozen .

Key Words: woody breast, storage method, MORS, BMORS, peak 
counts
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152   Effect of broiler age and woody breast condition on breast 
meat quality. Barbara A . Mallmann*1, Jessica L . Solo1, Xiao Sun1,2, 
Famous L . Yang1, and Casey M. Owens1, 1University of Arkansas, 
Fayetteville, AR, United States, 2Nanjing Agricultural University, 
Nanjing, Jiangsu, China.

Woody breast (WB) is a recent meat quality concern affecting breast 
fillets of fast growing broilers by palpable hardness in the pectoralis 
major muscle. Incidence of severity generally increases with age, but 
the effects of age on meat quality of WB is not known. A study was 
conducted to determine effect of age on meat quality factors associated 
with varying degrees of woody condition. Male broilers were com-
mercially processed at 45 d (n = 80), 63 d (n = 50), and 70 d (n = 41) 
of age and scored using categories: normal (NORM) and severe (SEV) 
woody breast. Compression force (CF) was assessed on raw fillets and 
sarcomere length (SL) analysis of each sample was performed. Fil-
lets were cooked to 76°C, cook loss (CL) was calculated, and MORS 
energy (MORSE) and BMORS energy (BMORSE) were measured 
using the TA .XTPlus Texture Analyzer (Texture Technologies Corp ., 
Hamilton, MA/Stable Micro Systems, Godalming, UK). Additionally, 
peaks of the shear curves were counted (PC-MORS and PC-BMORS) 
and averaged per fillet. CF, SL, and CL were all higher (P < 0 .05) in 
SEV fillets than NORM fillets. For NORM fillets, age did not affect 
CF, but CF increased with age in SEV fillets (70 > 45 d, P < 0 .05) . CL 
was higher (P < 0 .05) at 63 d than at 45 d . SL generally increased (P < 
0.05) with age, but SEV fillets had higher (P < 0 .05) SL than NORM 
fillets. MORSE and BMORSE were higher (P < 0 .05) at 70 and 63 d 
compared with 45 d, and these shear values were lower (P < 0 .05) for 
SEV fillets than NORM fillets at 45 d only. SEV fillets had greater (P 
< 0.05) PC-MORS and PC-BMORS compared with NORM at all ages, 
and these peak counts were greater (P < 0 .05) at 70 and 63 d compared 
with 45 d. Results suggest that WB category and age both have effects 
on meat quality; however, in most cases, age affects WB categories 
similarly. Results also indicate that compression force (raw fillets) and 
peak counts (cooked fillets) using the TA.XTPlus are able to distinguish 
between normal fillets and severe woody breast and may be better to 
assess woody breast than shear energy. These measures may assess dif-
ferent aspects of texture than traditional tenderness/toughness attributes.

Key Words: woody breast, age, meat quality

153   Wooden breast muscle myopathies are reduced with 
increased dietary potassium and available phosphorous. Matthew 
L . Livingston*1, Chelsea D . Landon2, Harold J . Barnes2, and John 
T . Brake1, 1Prestage Department of Poultry Science, North Carolina 
State University, Raleigh, NC, 2Department of Population and Health 
Pathology, NCSU College of Veterinary Medicine, Raleigh, NC.

Dietary potassium (K) and phosphorous (P) levels in diets have 
decreased in recent years . Both of these ions are intimately involved in 
the elimination of hydrogen ions that are produced during rapid growth. 
It was hypothesized that the decrease in these dietary electrolytes was 
temporally related to the development of myopathies during recent 
years. A total of 320 Ross male broiler chicks were placed into 16 pens 
and fed 1 of 2 starter diets differing only in K (0.88 vs 1.03%) to 14 d. 
From 15 d, there were 2 diet series containing either decreasing available 
P (AvP) levels of 0.45%, 0.40%, and 0.35% in the starter, grower, and 
finisher diets, respectively (Decline), or 2 diet series with a fixed AvP 
of 0.45% (Fixed). To complete a 2x2 design either normal low K (LK; 
0.88, 0.73, 0.65%) or a high K (HK; 1.03, 0.93, 0.93% from K2CO3) 
were applied to starter, grower, and finisher diets, respectively. Carcass 

data and woody breast muscle scores (WBMS) were collected at 21, 
35, 42, and 49 d. WBMS were determined by hand palpation using a 
4-point (1 o 4) ordinal scale of measurement . Blood gas and chemistry 
were measured at 28, 42, and 49 d. HK produced better FCR at 35 d 
(1.52 vs 1.57 g:g), lower hemoglobin (6.83 vs 7.58 g/dL) and packed 
cell volume (20.1 vs 22.3%) at 28 d, reduced ionized blood calcium 
(1.42 vs 1.47 mmol/L) at 42 d, and lower partial pressure of blood CO2 
(49 .1 vs 54 .7 mmHg) at 42 d relative to broilers fed LK (P < 0 .05) . Fixed 
AvP diets improved FCR (1 .51 vs 1 .55 g:g) at 28 d, greater percentage 
breast meat (28.85 vs 27.58%) and water pickup (2.72 vs 1.42%) at 35 
d, as well as reduced WBMS (2.88 vs 3.69) at 42 d (P < 0 .05) . Increased 
dietary levels of K and AvP ameliorated WBMS and improved live and 
carcass performance of broiler chickens .

Key Words: woody breast, broiler, electrolyte, myopathies

154   Descriptive sensory and texture profile characterization 
of marinated woody breast meat. Maria E . Aguirre*1, Casey M . 
Owens2, Rhonda K . Miller3, and Christine Z . Alvarado4, 1Depart-
ment of Nutrition and Food Science, Texas A&M University, College 
Station, TX, 2Department of Poultry Science, University of Arkansas, 
Fayetteville, AR, 3Department of Animal Science, Texas A&M Uni-
versity, College Station, TX, 4Department of Poultry Science, Texas 
A&M University, College Station, TX.

The broiler industry has a variable meat texture issue known as woody 
breast (WB). This research compares quality attributes of normal and 
severe WB in 2 experiments. Experiment 1 objective was to develop 
and validate a descriptive texture attribute panel with 6 trained panelists 
using a 16-point scale (0 = none, 15 = extremely intense) . Sixty-four 
normal and severe WB in 2 replications were obtained from a commer-
cial facility, injected with 12% brine (0.48 STPP, 0.55% NaCl) and 20 
min drip loss was determined. Fillet color (L*) and pH were determined 
before being vacuum packaged, stored (29°C, <1 wk), and thawed (4C, 
24h). Fillets were cooked (73C) on a gas grill or in foil covered pans 
in a convection oven and cook loss was determined. Panelist samples 
from the cranial portion of the fillet were cut into 3 pieces (2.54 cm × 
2.54 cm). The data were analyzed (SAS) using GLM and LS-MEANS 
with P < 0.05 to determine significance. L* and pH were higher for 
WB than normal fillets (P < 0 .05) . After marination, WB had higher 
20 min drip loss and higher cook loss (20.0, 16.8) than normal fillets 
(P < 0.05). No significant differences were found between the cooking 
methods . Sensory panel descriptors of hardness (4 .56, 4 .97), springi-
ness (3 .87, 4 .32), cohesiveness (4 .96, 5 .31), denseness (4 .77, 5 .38), 
crunchiness (1.88, 2.78), fracturability (2.83, 3.23), fibrous (2.01, 3.19) 
and chewiness (1.62, 2.41) were higher for WB than normal fillets (P 
< 0.05). In Experiment 2, both oven and grill cooking methods were 
used to evaluate texture profile analysis (TPA, 3 samples, 4 cm × 2 cm) 
to determine differences between normal and WB either stored fresh 
(<48 h postmortem, 4°C) or frozen (<1 mo, −29°C). The data were 
analyzed (SAS) using GLM and LS-MEANS and P < 0 .05 . TPA for 
fresh oven cooked samples were higher than grilled samples (P < 0 .05) . 
TPA descriptors of hardness, cohesiveness, springiness, gumminess and 
chewiness were higher for WB than normal fillets (P < 0 .05) . When 
comparing fresh and frozen storage methods, only cohesiveness was 
significantly higher in WB than normal. Therefore, marinated severe WB 
have significant texture differences when compared with normal breast.

Key Words: texture profile analysis, woody breast, marination, 
sensory
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155   Effect of available phosphorus during rearing on sub-
sequent feathering and fertility of broiler breeders. Kaitlyn C . 
Hull*, Yun M . Lin, and John T . Brake, Prestage Department of Poul-
try Science, North Carolina State University, Raleigh, NC.

A frequently observed problem recently has been poor feather cover 
on older broiler breeder females that interferes with mating, which has 
been associated with decreased fertility. As feather growth has been 
described as an energy intensive process, we hypothesized that apply-
ing an altered calcium:available phosphorus (Ca:AvP) ratio during the 
rearing period before photostimulation would improve persistency of 
fertility by improving female feathering. Corn-soy starter and grower 
basal diets were formulated with varied AvP inclusion. Two dietary 
Ca:AvP ratios of 2:1 (Control) and 1.75:1 were formulated by includ-
ing 1% Ca with either 0.57 or 0.50% AvP in the starter feed, and 0.9% 
Ca with either 0.51 or 0.45% AvP in the grower feed. Treatments were 
applied to 1,280 Ross 708 and 288 YPM broiler breeders from hatching 
to 26 wk of age when all birds were given the same breeder layer feed. 
Breeders were reared in sex-separate pens in an enclosed fan-ventilated 
black-out rearing house and thereafter transferred to a mix-sex curtain-
sided laying house and photostimulated at 21 wk of age. Egg production, 
fertility, and hatchability data were collected incrementally from 25 to 
64 wk of age. Feather scores were assigned by comparing individual 
birds at 60 wk of age to a pre-determined feathering pictorial chart. A 
hen that received a score of 0 was characterized as having no feather 
loss or damage whereas a score of 7 was a naked-back hen. Data was 
analyzed using SAS 9.4 with effects determined using ANOVA. There 
were no significant differences between treatments with respect to egg 
production. There was an improved (P ≤ 0.05) fertility observed due 
to the 1.75:1 Ca:AvP treatment, which was probably related to the sig-
nificantly better feather scores exhibited by the hens that had received 
the 1.75:1 Ca:AvP treatment, which provided a greater amount of AvP, 
from initial placement to 26 wk of age (P ≤ 0.05).

Key Words: broiler breeder, fertility, feathering, calcium, phosphorus

156   Effects of dietary 25-hydroxycholecalciferol on bone 
characteristics of broilers grown on reused litter. Seyed Fatemi*, 
Douglas R . Korver, and Kerry Nadeau, University of Alberta, Edmon-
ton, AB, Canada.

Recycled litter may contain pathogens which could cause inflammation 
in chicks . Vitamin D regulates calcium and phosphorous metabolism, 
as well as immunity. We hypothesized that reduced inflammation in 
birds fed 25-hydroxycholecalciferol (25OHD3) would increase bone 
mineralization relative to vitamin D3-fed birds; this effect would be 
greater in broilers raised on reused litter. Experimental diets were fed 
to Ross 308 chicks (n = 512) for 41 d in a 4 × 2 factorial arrangement 
with 4 pens/treatment. Diets were vitamin D3 at 2,760 IU/kg feed (D; 
Control); 25OHD3 at 2,760 IU/kg feed (25OHD); D3 at 2,760 IU/kg 
plus 25OHD3 at 2,760 IU/kg feed (D+25OHD); or D3 at 5,520 IU/kg 
feed (Dx2); each diet was fed to broilers grown on either fresh or reused 
litter to increase bacterial exposure . The femur of 288 birds at each of 
d12, 22 and 41 was collected (n = 12/treatment). Epiphyseal (proximal; 
30% of length) and diaphyseal (mid; 50% of length) total, cortical and 
trabecular bone mineral density (BMD) and cross-sectional area (CSA) 
were measured using quantitative CT; bone mineral content (BMC) was 

calculated by multiplying BMD and CSA . At d 12, fresh litter resulted 
in increased total, cortical and trabecular BMC relative to Reused litter 
at the mid region . Birds fed 25OHD3 had higher proximal total and 
cortical BMD, and total CSA relative to those fed vitamin D3 . At d 22, 
trabecular CSA (both locations) and BMC (mid) were greater for birds 
raised on fresh than those on reused litter . At d 41, birds fed 25OHD 
had nearly significantly increased (P = 0 .0819) mid-trabecular BMC 
relative to those fed vitamin D3 at the same level of activity . We previ-
ously reported that inflammation in broilers was greater for birds fed D 
relative to those fed 25OHD, and in birds reared on reused relative to 
fresh litter . The effects of 25OHD3 and Reused litter on bone charac-
teristics may be explained in part by changes in systemic inflammation.

Key Words: 25-hydroxycholecalciferol, vitamin D3, bone mineral-
ization, reused litter, inflammation

157   Bioavailability evaluation of cholecalciferol in growing 
broiler chickens. Hector E . Leyva-Jimenez*1, Yasser J . Jameel2, 
Morouj Al-Ajeeli1, Akhil M. Alsadwi1, and Christopher A . Bailey1, 
1Texas A&M University, College Station, TX, 2University of Kerbala, 
Karbala, Iraq.

Cholecalciferol (D3) deficiency in poultry is associated with rickets, tibia 
dyschondroplasia, and retarded growth. Therefore, the evaluation of D3 
sources is necessary to ensure proper chemical and biological activity 
in broiler chickens. Two sources of D3 [powder (500,000 IU/g) vs bead-
lets (500,000 IU/g)] were used to compare both biological activities. 
Ross-308 broiler chickens (1 d-old) were placed in 2 Petersime battery 
brooders (5 birds per pen, 4 pen reps per treat .) and fed a corn-soy starter 
diet with a marginal concentration of Ca (0.75%) and Av P (0.37%) for 
a 17-d period . A custom vitamin-mineral premix containing no D3 was 
used to prepare a mash basal diet and then sub-divided so treatments 
could be supplemented at 0, 62 .5, 125, 250, 500, and 1,000 IU D3/kg 
diet. Minimal lighting was maintained in the rearing room. All birds 
were fed the diet devoid of D3 (NC) over the first 9 d to deplete the 
maternal D3, followed by a 24-h fasting period. On d 11, the treatment 
diets were offered ad libitum for 7 d. Feed consumption and gain per pen 
were recorded. At d 17, all birds were euthanized. Bone mineral content 
(BMC) and bone mineral density (BMD) were determined by dual x-ray 
absorptiometry. After the scan, both tibias were removed. The right tibia 
was subjected to fat-free dried tibia ash determination (TBA). The left 
tibia was used to assay breaking strength (TBS). Data were analyzed 
as a 2 × 6 factorial using the GLM procedure of SPSS. Broken-line 
analysis was employed to compare D3 bioavailability. No significant (P 
> 0.05) interaction was found between sources on performance or bone 
characteristics. Feed gain ratio and productivity index were improved 
with the supplementation of increasing doses of D3 when compared with 
the NC . The supplementation of D3 significantly (P < 0 .05) improved 
TBA, BMC, and TBS for both sources when compared with the NC. A 
significant (P < 0.05) difference was found in TBA between sources. 
Maximum TBA for the powder source was 48.40% versus 47.71% for 
beadlets. In conclusion, this protocol was able to detect bioavailability 
differences between D3 sources with respect to TBA, which was the 
most sensible indicator of D3 biological activity .

Key Words: bioavailability, cholecalciferol, broiler, rickets
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158   Effects of 25-OH-D3 on performance, egg quality, and 
bone traits of brown egg layers. Felipe A . Silva*1, Ramiro Del-
gado2, Oscar Ortiz2, Carlos A . Lozano3, Diego F . Aldana3, Martin J . 
Zuidhof1, and Douglas R . Korver1, 1University of Alberta, Edmonton, 
AB Canada, 2Nutriavicola S.A., Buga, Colombia, 3DSM Nutritional 
Products Colombia S.A., Bogota, Colombia.

Vitamin D3 (D) is important in bone mineralization and eggshell forma-
tion in laying hens. A field trial was conducted in Colombia to study the 
effects of dietary 25-hydroxycholecalciferol (25OHD) on laying hens 
from 0 to 87 wk of age on BW, egg production by phase (at wk 34, 50, 
75 and 87), egg traits (every 2 to 3 wk), and bone breaking strength 
(BBS; wk 16 and 31). Dietary treatments were: positive control (PC), 
25OHD plus D at 2,760 and 3,000 IU/kg, respectively, from 0 to 87 wk; 
negative control (NC) with D only (3,000 IU/kg) from 0 to 87 wk, and 
4 treatments with the same levels of 25OHD and D as the PC diet from 
wk 0 to 15 (Early), 0 to 17 (Prelay), 0 to 34 (Peak), or 0 to 50 (Late) 
wk of age, then switched to the NC diet to 87 wk of age. At 13 wk of 
age, 10,800 birds were transferred to the layer farm, with 200 birds per 
pen (9 replicates/treatment), maintaining the previous treatments. At wk 
28 and 84, infectious coryza was observed, though mortality was low. 
Data were analyzed by ANOVA; effects were considered significant at 
P < 0.05. At wk 34, treatments that still included 25OHD (Peak, Late, 
and PC) resulted in more eggs per hen-day (P = 0.003), with a lower 
feed conversion ratio (FCR; P = 0 .002), than the NC, Early and Prelay 
groups. In contrast, NC hens had the lowest FCR from 76 to 87 wk. 
There were no other differences in egg production or FCR. Although 
no consistent pattern was observed in eggshell quality, NC hens had the 
lowest shell strength at wk 83 and 85, and thickness at wk 66, 73 and 85. 
Egg weight, hen BW and BBS were not affected by dietary treatment. 
Dietary 25OHD in addition to D throughout the trial, in comparison to 
D alone, increased egg production early in lay, as well as egg qualities, 
especially under stressful conditions (e .g ., peak production, bacterial 
infections) .

Key Words: 25-hydroxycholecalciferol, performance, egg shell qual-
ity, bone breaking strength, laying hen

159   Role of 1,25-dihydroxyvitamin D3 on broiler osteoblast 
differentiation and mineralization in vitro. Chongxiao Chen* and 
Woo Kyun Kim, Poultry Science Department, University of Georgia, 
Athens, GA.

A study was conducted to explore the effect of 1,25-dihydroxyvitamin 
D3 (1,25D) on osteogenic differentiation and mineralization in chicken 
mesenchymal stem cells (MSC) derived from 2-d-old broiler bones . 
MSC were treated with control media (C), osteogenesis media (OM), 
osteogenesis media with 1, 5, 10, and 50 nM 1,25D, respectively . Cells 
were stained at 21 d using Von Kossa (mineralization), Alizarin Red 
(mineralization), and alkaline phosphatase (early marker) staining 
methods. The mRNA expression samples were obtained at 24 h, 48 h, 
3 d, and 7 d . OM induced mRNA expression of key osteogenic genes 
(Col1a2, BMP2, Runx2, BSP, and BGLAP) at all time points compared 
with C. As for the early periods of differentiation (24 and 48 h), 1,25D 
treatments suppressed mRNA expression of Runx2 and BGLAP at 48 
h and Col1a2 at both 24 and 48 h compared with OM; 1 nM 1,25D 
inhibited expression of BMP2 and Runx2 at 48 h and BGLAP at both; 
and 5 nM 1,25D suppressed Runx2 expression at 24 h . By contrast, 

higher doses of 1,25D (10 and 50 nM) did not have inhibitory effects 
on BMP2, Runx2, and BGLAP expression at 24 h or on BMP2 at both . 
1,25D even improved mRNA expression of BSP at 50 nM at 24 h . As 
for the later periods of differentiation (3 and 7 d), OM and 1,25D treat-
ments induced mRNA expression of most of key osteogenic genes . 
Interestingly, 1,25D treatments further increased mRNA expression 
of these genes compared with OM; particularly higher levels of 1,25D 
treatments (10 and 50 nM) significantly enhanced mRNA expression 
of several key osteogenic genes (Colla2, BMP2, BSP, Runx2, and/or 
BGLAP) at the later periods. The stain results showed that mineraliza-
tion was enhanced as the dose of 1,25D increased. In summary, 1,25D 
generally works as an inhibitor on osteoblast differentiation and min-
eralization at the early differentiation stage of chicken MSC but as a 
promoter at the later stage . Furthermore, higher doses of 1,25D could 
balance or even reverse inhibitory effects at the early period and have 
stimulatory effects on osteogenic differentiation and mineralization of 
chicken MSC at the later period .

Key Words: vitamin D3, osteoblast, gene expression, differentiation, 
mineralization

160   Effect of increasing levels of dietary zinc, manganese, and 
copper from organic and inorganic sources on egg quality and 
egg zinc, manganese, and copper content in laying hens. Katherine 
Rubio*, Jose W . Charal, and Theresia A . Lavergne, Louisiana State 
University Agricultural Center, Baton Rouge, LA.

The aim of this research was to evaluate the effect of feeding increas-
ing Zn, Mn, and Cu levels, from inorganic (ITM) and organic (OTM) 
sources, on egg quality and yolk content of Zn, Mn, and Cu. Six hundred 
Hy-Line W-36 hens at 26 wk of age were used. Hens were allotted to 
one of 5 treatment diets on d 0 of the trial . A total of 10 replicates per 
treatment, with 12 hens per replicate, were used. Dietary treatments 
were (1) Control: no supplemental Zn, Mn, or Cu, (2) Zn, Mn, and Cu 
supplemented at 80–90–8 mg/kg from ITM, respectively, (3) Zn, Mn, 
and Cu supplemented at 40–45–4 mg/kg from ITM and 40–45–4 mg/
kg from OTM, (4) Zn, Mn, and Cu supplemented at 160–175–16 mg/kg 
from ITM, and (5) Zn, Mn, and Cu supplemented at 80–87.5–8 mg/kg 
from ITM and 80–87.5–8 mg/kg from OTM. The trial lasted 84 d. Data 
were collected on 3 consecutive days at the end of each 28-d period. On 
the second day of each 3-d collection period, 3 yolks per replicate were 
collected and stored for analysis of Zn, Mn, and Cu content. There was 
no effect (P > 0 .05) of dietary treatment on egg production . During the 
first 28-d collection period, yolk Zn and Mn were highest (P < 0 .01) for 
hens fed the 160–175–16 mg/kg from ITM+OTM. During the second 
and third 28-d collection periods, there was a numerical increase in yolk 
Cu, Mn, and Zn as dietary inclusion of Zn, Cu, and Mn increased (P > 
0.10). In the third 28-d collection period, albumen height was highest 
(P < 0 .05) in eggs laid by hens fed the Control diet and similar for hens 
fed all other treatment diets. Egg weight was not affected by increasing 
dietary inclusion of Zn, Mn, and Cu . During the second and third 28-d 
collection periods, feed conversion was improved (P < 0 .05) for hens 
fed treatment diets containing a combination of OTM+ITM . The results 
of this trial indicate that Zn content in the egg yolk may be increased by 
the inclusion of a combination of OTM+ITM in layer diets .

Key Words: copper, egg quality, laying hen, manganese, zinc
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161   Effect of two phytase activity products and their combina-
tion with other feed enzymes on broiler productive performance. 
Sergio R . Fernandez*1, Ernesto Avila2, Benjamin Fuente2, Ezequiel 
Rosales1, and Silvestre Charraga1, 1DSM Nutritional Products 
México, El Salto, México, 2Universidad Nacional Autónoma de 
México, México City, México.

To compare 2 phytase activity sources: Citrobacter braakii (Ronozyme 
HiPhos, CB) and Escherichia coli (EC), both in combination with a xyl-
anase-protease blend (Ronozyme Blend 400, B400), 1,800 1-d-old-Ross 
308 male and female broilers were randomly allocated to 14 treatments, 
10 with 6 replicates and 4 with 3 replicates of 25 chicks each. Chicks 
were housed in floor pens. Results were analyzed as an unbalanced 
RCBD (3 block; blocking criteria, period on experimental facilities), 
on a factorial arrangement 2 (sex) by 7 (feed enzyme treatments), with 
2 or 1 replicates at the interaction; block × sex × feed enzyme treatment 

(FET). FET were as follows: T1 = a positive control sorghum-SBM-
DDGS-canola diet formulated to fulfill Ross 308 straight-run broiler 
requirements (PC); T2 = negative control 1 (NC1), as T1 but formulated 
with 100% feed formulation matrix values (FFMV); T3 = negative 
control 2 (NC2), as T1 but formulated with 50% FFMV; T4 = as T2 + 
CB/B400, T5 = as T2 + EC/B400; T6 = as T3 + CB/B400; and T7 = 
as T2 + EC + B400. FFMV for T2 and T3, represented as NC1/NC2, 
were as follows (as Mcal/MT or ppm); ME; 135/68; CP; 10,318/5,159; 
Lys; 306/153; SAA; 430/215; Thr; 510/255; Arg; 689/345; and Trp; 
95/48. The male chicks fed the 50% FFMV added with any of the FET 
showed a performance on WG and WG/FI equal (P < 0 .0001) to that 
of PC. The female birds fed 50% FFMV added with any of the FET 
showed an equal (P < 0.00001) response for WG/FI. We concluded 
that FFMV are an important factor to achieve the expected broiler 
performance . More research needs to be done regarding the effect of 
FFMV for female broilers .

Table 1 (Abstract 161) . Interaction of sex by feed enzyme treatment results

Group PC NC1 NC2
NC1

 
NC2

CB/B400 EC/B400 CB/B400 EC/B400

Male WG, kg/c 3 .36ab 2 .90e 3 .20bc 3 .14c 3 .15c 3 .39a 3 .32ab

Fem WG, kg/c 3 .07cd 2 .71f 2 .84e 2 .87e 2 .89e 2 .89e 2 .94de

Male WG/FI, g/kg 543a 488de 538ab 504cd 512bcd 550a 545a

Fem WG/FI, g/kg 504cd 476e 489de 489de 498de 529abc 515bcd

WG SEM = 0 .066 (P < 0.0001), WG/FI SEM = 16.3 (P < 0 .00001) .

Key Words: phytase, xylanase, protease, broiler

162   Beneficial phytase and protease effects on gene for gut-
level immunity and cellular integrity in male broilers reared 
under challenge conditions. Oluyinka A . Olukosi*1, Fidelis 
Fru-Nji2, and Aaron J. Cowieson2, 1Monogastric Science Research 
Centre, SRUC, Edinburgh, United Kingdom, 2DSM Nutritional Prod-
ucts Ltd., Basel, Switzerland.

A total of 720 broilers at day old were allocated to 9 treatments to study 
the influence of enzymes in a P-deficient (NC) diet. The NC diet was 
without or with phytase, protease or phytase plus protease. The diets 
were fed to birds reared on clean or dirty litter thus producing a 2 × 2 × 
2 factorial plus a P-adequate diet. Each treatment had 8 replicates and 
10 birds per replicate . On d 21, the cecal tonsils and 2-cm mid-jejunum 
sections were obtained from 2 of the birds and used for gene expression 
analysis. Cecal contents from a third bird were used for measurement 
of short chain fatty acids (SCFA) production and the pH of the digesta 
in the duodenum, jejunum, ileum, and ceca was also measured. In the 
ileum there was litter effect and litter × phytase interaction (P < 0 .05) 
shown by greater (P < 0 .05) digesta pH in phytase-supplemented diets 
for birds raised on new litter but no phytase effect in birds raised on 
dirty litter . In the ceca, protease supplementation increased (P < 0 .05) 
production of heptanoic and hexanoic acid, and tended to increase (P < 
0 .10) the production of isobutyrate and isovalerate . At the cecal tonsil, 
there was greater (P < 0.01) expression of IL-1β and lower expression 
of IL-6 in birds raised on dirty litter. Litter × protease interaction was 
shown by no effect of protease on TLR4 expression in birds raised on 
clean litter but a reduction (P < 0 .05) in TLR4 expression in birds raised 
on dirty litter. There was only protease × phytase interaction (P < 0 .05) 

for occludin expression, which was explained by no effect of phytase 
supplementation on occludin expression in diets without protease but an 
increase (P < 0 .05) in occludin expression in birds receiving combina-
tion of phytase and protease. It was concluded that supplementation of 
phytase and protease in diets limiting only in P enhanced production 
of beneficial SCFA and lowered systemic inflammation and that some 
of the effects are mediated by protease improving the cellular integrity 
of the gut and hence mitigating possible colonization of the gut by 
harmful microorganisms .

Key Words: broiler, phytase, protease, litter type, gut health

163   Interactive effects of graded levels of phytase and decreas-
ing dietary levels of available P on performance, bone param-
eters, and litter moisture of broilers from 1 to 21d. Gilson A . 
Gomes*1, Vasil R . Pirgozliev2, S . Paul Rose2, Waseem Mirza2, and 
Robert A . H . M . ten Doeschate1, 1AB Vista, Marlborough, Wiltshire, 
United Kingdom, 2Harper Adams University, Newport, Shropshire, 
United Kingdom.

The aim of this study was to evaluate the effect of different doses of 
an evolved Escherichia coli phytase (Phy) on performance, tibia ash 
percent (TAP) and litter moisture (LM) of broilers fed with diets with 
graded levels of available P (avP) . In total, 2,208 male day-old Ross 
308 broilers were distributed to 12 treatments with 8 pen replicates each 
in a factorial arrangement with 4 dietary avP levels (starter: 0.50, 0.40, 
0.30 and 0.20%; grower: 0.450, 0.365, 0.280, 0.195%;  monocalcium 
phosphate used as P source) and 3 Phy doses (0, 500, and 1500 FTU/
kg, Quantum Blue). Diets were wheat and soybean-meal based, steam 
pelleted, and fed ad libitum in 2 phases, from 1 to 11 d (crumbled, 
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starter) and from 12 to 21 d (pelleted, grower). Dietary Ca levels were 
reduced in a ratio of 1 .1 for every 1-point reduction in avP, thereby diets 
had Ca:avP ratios of 2.0, 2.3, 2.7, and 3.5. Body weight gain (BWG) 
and feed intake (FI) were measured and feed conversion ratio corrected 
for mortality (mFCR) was calculated. At 21 d of age, 3 birds per pen 
were killed, left tibias excised, and TAP determined. Additionally, litter 
samples were taken at 21d for LM determination. Two-way ANOVA was 
performed (JMP Pro 12), and means separated using Student’s t-test . No 
effects on mortality were seen (P > 0 .05) . Interactions occurred on BWG 
(P < 0 .01), FI (P < 0 .01) and TAP (P < 0 .01) . Statistical differences on 
FI, BWG and TAP among the 2 Phy dosages were just noticed when 
compared at the lowest avP level (P < 0 .01) . The inclusion of 1,500 
FTU/kg of Phy in broiler diets was able to ameliorate any detrimental 
effects of decreasing levels of avP on FI, BWG and TAP . No interactions 
were seen on mFCR or LM (P > 0 .05) . Phy inclusion improved mFCR 
(P < 0 .01) and tended to decrease LM (P = 0.08), whereas lower avP 
levels worsened mFCR (P < 0.01). Calculated P equivalency, based on 
BW, FI and TAP, were 0.168 and 0.214% for 500 and 1500FTU/kg of 
Phy, respectively . In conclusion, increasing levels of Phy ameliorated 
the impaired performance seen with lower levels of avP. In intermedi-
ate to high avP levels, the inclusion of 1,500 FTU/kg increased broiler 
performance .

Key Words: Ca:avP ratio, tibia ash, P equivalency

164   Assessment of P equivalency of an evolved Escherichia coli 
phytase when birds were fed the dietary treatments at day-old or 
after a 5-day adaptation period. Gilson A . Gomes*1, Agnès Narcy2, 
Xaviere Rousseau1, and Robert A . H . M . ten Doeschate1, 1AB Vista, 
Marlborough, Wiltshire, United Kingdom, 2INRA, Paris, France.

The aim of this study was to evaluate the effect of adaptation period on 
performance and bone parameters of broilers fed graded levels of avail-
able P (avP) and its interactions with phytase (Phy) supplementation. 
One hundred forty-four male day-old Cobb 500 broilers were randomly 
distributed to 12 treatments with 12 cage replicates each in a factorial 
design with 4 dietary avP levels (0.45, 0.35, 0.25, 0.15% - monocal-
cium phosphate as P source) and 2 adaptation periods; birds going on 
treatment diets at d 1 (AD0) or birds being fed 0.45% avP from d 1 to 5 
before going on treatment (AD5). Two dosages of Phy were used (400 
and 800 FTU/kg, Quantum Blue) and added on top of the lowest avP 
diet. Dietary calcium content was also decreased providing 0.90, 0.79, 
0.68, 0.57%, respectively. Diets were corn and soybean-meal based, 
steam pelleted followed by crumbling, and fed ad libitum up to 19 d. 
Body weight gain (BWG) and feed intake (FI) were measured and feed 
conversion ratio corrected for mortality was calculated. At 19 d of age all 
birds were killed, left tibias excised, and bone parameters (bone break-
ing strength, BBS; tibia diameter, tibia length, tibia dry weight, tibia 
ash in g/bone, TAG; and tibia ash percent, TAP) measured. Two-way 
ANOVA was performed (JMP Pro 12) to evaluate main factors interac-
tions. Logarithmical regressions were performed and P equivalency of 
Phy assessed. No effects on mortality were seen (P > 0 .05) . Interactions 
were noticed in almost all parameters (P < 0 .05), except for TAP (P 
> 0.05). AD5 showed smoother slopes compared with AD0, and they 
had different intercepts. R2 was reduced when AD5 was employed. 
P equivalency calculations, based on BWG, FI, BBS and TAG, were 
0.178 and 0.216% for 400 and 800 FTU/kg of Phy for AD0, and 0.171 
and 0.248% for 400 and 800 FTU/kg of Phy for AD5. In conclusion, 
different Phy dosages showed to be efficacious regardless of the use of 
adaptation period, although using AD5 seemed to ameliorate the negative 
effects of low dietary avP and enlarged the differences among Phy doses.

Key Words: available P, bone, performance

165   Phosphorus-releasing efficacy of a 6-phytase for broiler 
performance and bone mineralization compared with monocal-
cium phosphate. Maria Francesch1, Peter A . Ader2, Dieter Feuer-
stein2, and Michael B . Coelho*3, 1IRTA, Monogastric Nutrition, 
Spain, 2BASF SE, Lampertheim, Germany, 3BASF Corp., Florham 
Park, NJ.

The efficacy of a novel 6-phytase, derived and composited from 3 bacte-
rial species, was investigated at graded dose levels and compared with 
graded levels of monocalcium phosphate (MCP) added to a negative 
control each. Performance and bone ash were used as response criteria. 
A total of 1,575 Ross 308 broilers were used in a randomized complete 
block design with 9 treatments in 7 blocks. Treatments consisted of the 
NC without inorganic P (iP), (6.63 g/kg Ca and 4.42 g/kg total P); NC 
+0.6, +1.1, +1.6 and +2.1 g/kg of iP from MCP. CaCO3 was adapted for 
a constant Ca/total P ratio of 1.5. Groups with phytase were NC +125, 
+250, +500 and +750 FTU/kg of Natuphos E. Performance from 7 to 22 
d and tibia ash at 23 d were measured. Linear and quadratic responses 
to supplemental iP from MCP and phytase were characterized, using 
dose of iP or phytase as independent variables . Phytase and iP increased 
weight gain, feed intake, tibia dry matter, tibia dry weight, tibia ash % 
and tibia ash weight linearly and quadratically (P < 0 .05), and improved 
FCR linearly (P < 0.05). Quadratic equations provided the best fit, 
except for FCR, and bone mineralization had higher r2 than performance 
variables. By solving the quadratic equations the equivalences between 
1 g iP/kg of feed and phytase were 253 (weight gain), 349 (tibia dry 
weight), 344 (tibia ash %), and 349 (tibia ash weight) FTU/kg. The P 
equivalence values for 500 FTU of novel 6-phytase /kg of feed were 1.68, 
1.13, 1.26 and 1.17 g iP/kg feed for weight gain, tibia dry weight, tibia 
ash % and weight, respectively. In summary, phytase was efficacious in 
increasing performance and bone ash in broiler chickens fed a reduced 
P and Ca diet, and the response to phytase was dose dependent. The 
equivalences between iP and phytase per kg of feed ranged from 253 
to 349 FTU per g of iP or from 1 .13 to1 .68 g iP per 500 FTU phytase, 
respectively, depending on the response criteria .

Key Words: novel 6-phytase, performance, bone ash, broiler, mono-
calcium phosphate equivalence

166   Manipulation of dietary phytic acid, myo-inositol, and 
exogenous phytase levels influence the blood insulin to glucose 
ratio but not their overall concentration. Laura A . Beeson1,3, 
Carrie L . Walk2, Peter M . Hastie3, Kolapo M. Ajuwon4, Michael 
R . Bedford2, and Oluyinka A . Olukosi*1, 1Monogastric Science 
Research Centre, SRUC, Edinburgh, United Kingdom, 2AB Vista, 
Marlborough, Wiltshire, United Kingdom, 3University of Glasgow, 
Glasgow, United Kingdom, 4Purdue University, West Lafayette, IN.

The aim of the experiment was to study the extra-phosphoric effects 
of phytase in broilers receiving diets supplemented or not with phytic 
acid (PHYT) or myo-inositol (MYO) on concentrations of glucose 
(GLU), insulin (INSU) and MYO in the blood. The experiment was a 
randomized complete block design and a 2 × 3 factorial arrangement. 
Treatments were formulated based on a nutrient adequate control (C) 
diet, to which MYO (0.1%) or PHYT (1.5%) were added to increase 
the MYO and inositol phosphate ester content, respectively . To each of 
the 3 diets, phytase was added at 0 or 1500 FTU/kg. A total of 384 Ross 
708 broilers were allocated to the 6 dietary treatments, with 8 replicates 
per treatment. Feed and water were provided ad libitum throughout. On 
d21, immediately following euthanasia, one bird per pen was used for 
blood collection by cardiac puncture. Plasma was separated and GLU, 
INSU and MYO quantified by ELISA. There were no treatment effects 
on GLU, INSU or MYO concentrations in the blood, however, the insu-
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lin: glucose ratio (I:G) increased (P < 0.01) with phytase in the PHYT 
treatment, but phytase had no effect on I:G when added to the C and 
MYO treatments. The increased dietary MYO was not reflected by an 
increase in blood concentration, suggesting MYO either passed through 
the body unabsorbed, or the rate of uptake in the tissues matched the 
rate of absorption of additional MYO from the intestine . Overall INSU 
and GLU concentrations were not influenced by treatment; however, 
the resulting increased I:G ratio when phytase was added to the PHYT 
treatment (P < 0.01) suggests there may be an influence on insulin 
sensitivity or efficacy following phytase supplementation in diets con-
taining high phytate levels . As high glucose levels are needed to induce 
insulin release in birds, phytase addition may increase the sensitivity of 
the birds to insulin secretion in diets rich in phytate, as seen by changes 
in the I:G ratio, however these cannot be attributed to increased MYO 
release and suggests phosphate release may be involved .

Key Words: phytase, super-dosing, insulin, glucose, myo-inositol

167   Interactive effects of P, Ca, and phytase supplements on 
InsP6 degradation and myo-inositol release in broiler chickens. 
Vera Sommerfeld1, Margit Schollenberger1, Imke Kühn2, and Markus 
Rodehutscord*1, 1University of Hohenheim, Stuttgart, Germany, 2AB 
Vista Feed Ingredients, Darmstadt, Germany.

The objective of this study was to distinguish between effects of P and 
Ca supplements on prececal myo-inositol hexakisphosphate (InsP6) 
degradation when added with or without microbial phytase. Dietary 
treatments were arranged in a 2 × 2 × 2 factorial and included diets 
without [P−, 4.1 g P/kg dry matter (DM)] or with (P+, 6.9 g P/kg DM) 
monosodium phosphate supplementation, without (Ca−, 6.2 g Ca/
kg DM) or with (Ca+, 10.4 g Ca/kg DM) limestone supplementation 
and without or with supplementation of 1500 FTU/kg of a modified, 
Escherichia coli-derived 6-phytase (Quantum Blue) . Titanium dioxide 
was included as the indigestible marker. At 27 d of age, digesta from 
the posterior 2 thirds of the lower ileum was collected, immediately 
put on ice, pooled on a pen basis, freeze-dried, and subsequently ana-
lyzed. InsP isomers were determined by ion exchange chromatography, 
myo-inositol was analyzed by GC after derivatization and P, Ca and Ti 
were determined by ICP-OES after wet digestion. Results were ana-
lyzed by a 3-factorial ANOVA . Prececal InsP6 degradation was 56% 
in P-Ca- without phytase and significantly reduced (P < 0 .001) by P 
supplementation alone (40%) or in combination with Ca supplementa-
tion (21%). Phytase supplementation significantly increased prececal 
InsP6 degradation (87%) irrespective of P supplementation (P < 0 .001) . 
However, Ca tended to reduce prececal InsP6 degradation in the pres-
ence of phytase (77%). Interactions indicated that the ileal myo-inositol 
concentration was increased upon phytase supplementation from 1.4 to 
2.8 g/kg DM in Ca- and from 0.8 to 1.6 g/kg DM in Ca+ (P = 0 .012) . P 
supplementation reduced ileal myo-inositol concentrations irrespective 
of Ca and phytase supplements (P < 0 .001) . We conclude that P and 
Ca supplements differentially affect InsP6 degradation by exogenous 
phytase or endogenous phytases (epithelial and microbiota-associated 
phytases) . Added phytase facilitates InsP6 degradation to myo-inositol, 
but complete degradation is hampered by Ca and P supplements . The 
relevance of these effects on intestinal myo-inositol contents concerning 
absorption and metabolism needs to be elucidated .

Key Words: phytate, degradation, ileum, interaction, broiler

168   Wheat-arabinoxylan produced by enzymatic pretreat-
ment improve the performance and digestive health of wheat-fed 
broilers. Nadia Yacoubi1,2, Luc Saulnier1, Estelle Bonnin1, Estelle 

Devillard*3, Lamya Rhayat3, Richard Ducatelle2, and Filip Van 
Immerseel2, 1INRA UR1268 Biopolymers Interactions Assemblies, 
Nantes, France, 2Department of Pathology, Bacteriology and Avian 
Diseases, Faculty of Veterinary Medicine, Ghent, Belgium, 3Adisseo 
France SAS, Commentry, France.

Carbohydrate degrading multi-enzyme preparations (MEP) are widely 
used as feed additives . Their mode of action is complex and remains 
not fully comprehended. In the present study we investigated the 
effect of wheat-fractions produced by MEP pretreatment on broiler 
performance and intestinal health and microbiota, during a 2-week in 
vivo experiment. Water-soluble fractions were isolated at pilot scale 
from wheat grain with (WE) and without (WC) MEP treatment. Sub-
fractions were further obtained from WE and WC by graded ethanol 
precipitation. Sub-fractions WE-1 and WC-1 were recovered in 65% 
ethanol and sub-fractions WE-2 and WC-2 in 80% ethanol. The frac-
tions were incorporated at 0.1% in a wheat-based diet to feed 480 Ross 
PM3 broilers distributed in 5 groups of 96 (12 broilers × 8 pens), one 
negative control group (NC) and 4 treatments groups. Body weight gain 
(BWG) and feed conversion ratio (FCR) were calculated. At d 14, all 
the animals were euthanized and from 24 animals/group ileal and cecal 
contents and tissue samples were collected. MEP degradation increased 
the solubility of arabinoxylans (AX) and reduced their Mw and polym-
erization degree (DP), albeit not below 10. The AX represented 50% of 
WE-1 vs. 15% of WE-2, whereas they represented 45% of WC-1 vs. 1% 
of WC-2. The WE-1 significantly (P < 0.05) increased BWG by 14% 
after the first week post hatch and 6% throughout the 2 weeks, increased 
bacteria of the Lachnospiraceae family, increased short-chain fatty acids 
(SCFA) production in ceca (mainly butyrate and acetate), decreased the 
T-lymphocytes infiltration in the ceca and ileum and increased the L-cell 
density in the ileal mucosa, when compared with WC-1. The WE-2 had 
no significant effect on BWG, FCR, T-lymphocyte infiltration, L-cell 
density and SCFA production when compared with WC-2. To conclude, 
MEP degradation products improved broiler performances and digestive 
health during the first 2 wk post-hatch.

Key Words: enzyme, T-lymphocyte, L-cell, short-chain fatty acids, 
body weight gain

169   Amylase improves broilers performance in pelleted diets. 
Vinícius Gonsales Schramm*1, Lucas Newton Ezaki Barrilli1, Josiane 
Carla Panisson1, Chayane Rocha1, José Otavio Berti Sorbara2, and 
Ananda Portela Félix1, 1Federal University of Parana, Curitiba, 
Paraná Brazil, 2DSM Nutritional Products, São Paulo, São Paulo, 
Brazil.

The objective of this study was to evaluate the effects of interaction 
between α-amylase and pelleted diets on growth broiler performance. 
Eight hundred eighty male Cobb broilers were used and divided into 
4 treatments with 10 replicates of 22 broilers each. The experimental 
design was a completely randomized with a factorial arrangement of 2 
diets physical form (mash and pelleted) × 2 amylase (with 80 KNU/kg 
feed of Ronozyme HiStarch and without enzyme). Broilers were fed 
with the same diets until 35 d of age, then were fed the experimental 
diets. Birds were placed in boxes and had ad libitum access to water and 
feeds. Feed intake (FI), body weight gain (BWG) and feed conversion 
ratio (FCR) corrected for the weight of dead birds were determined. Data 
were submitted to a 2-way ANOVA and significance was accepted at P 
< 0.05. There were no interactions between physical form and amylase 
supplementation. It was observed amylase supplementation improved 
FI and BWG (1,520 g vs . 1,559 g and 866 g vs . 906 g, respectively; P < 
0.05). The same effect was observed in pelleted diets (1,469 g vs. 1,617 
g and 828 g vs . 944 g, respectively; P < 0.05). Otherwise, there was no 
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effect of treatments on FCR (P > 0 .05) . In conclusion, the amylase and 
pelleted diets improved broiler performance .

170   The effect of two carbohydrase complexes in reformulated 
corn-, corn DDGS- and soybean meal-based diets on broiler 
performance. Roberto Montanhini Neto1, Robert B . Shirley*2, Adam 
Davis3, Elisabeth Freeman3, Pierre-Andre Geraert1, and Aurélie 
Preynat1, 1Adisseo France S.A.S., Antony, France, 2Adisseo USA Inc., 
Alpharetta, GA, 3University of Georgia, Athens, GA.

A new generation carbohydrase (Rovabio Advance) was developed by 
enhancing the xylanase and arabinofuranosidase activities in a former 
generation of carbohydrase (Rovabio Excel) . The objective of this study 
was to determine how 0–35 d broiler performance is affected when 
corn-, corn DDGS-, and soybean meal (SBM)-based broiler diets are 
supplemented with one of the enzyme products. This trial was carried 
out in floor pens using 1,440 d-of-hatch, male Cobb 500 chicks, ran-
domly distributed into 4 treatments (15 replicates of 24 chicks each): 
T1 = positive control (PC), formulated based on typical nutritional 
levels used in North America; T2 = Negative control (NC), consisting 
of a 3% decrease in AME and digestible amino acids; T3 = NC with 
Rovabio Excel LC (200 mL/MT); and T4 = NC with Rovabio Advance 
L (200 mL/MT). Performance parameters (BW, BWG, FI, and FCR) 
were measured on d 14, 28, and 35. There were no differences in BW 
and BWG; however, significant differences in FCR between the positive 
and negative controls were observed for all feeding phases (P < 0 .05) . 
During the grower and finisher phases, Rovabio Advance improved 
FCR when compared with Rovabio Excel (P < 0 .05) . Although both 
enzymes improved FCR over the entire growout, relative to the NC (P 
< 0.05), only Rovabio Advance was able to bring broiler performance 
of the NC back to that of the PC (P > 0 .10) . These results demonstrate 
how xylanase and arabinofuranosidase work together in breaking down 
arabinoxylan within corn and corn DDGS, thus improving nutrient 
availability for better broiler performance .

Key Words: arabinofuranosidase, xylanase, broiler, NSP, Rovabio 
Advance

171   Efficacy of a carbohydrase complex enriched in xylanases 
and arabinofuranosidases on the performance of broilers fed 
corn-, corn DGGS-, and soybean meal-based diets, with differ-
ent digestible amino acid reductions. Roberto Montanhini Neto1, 
Robert B . Shirley*2, Adam Davis3, Elisabeth Freeman3, Pierre-Andre 
Geraert1, and Aurélie Preynat1, 1Adisseo France S.A.S., Antony, 
France, 2Adisseo USA Inc., Alpharetta, GA, 3University of Georgia, 
Athens, GA.

The degradation of arabinoxylan by xylanases (Xyn) and arabinofu-
ranosidases (Abf) improves the accessibility to several nutrients (i .e ., 
starch, fat, protein and minerals) that are trapped within NSP that are 
surrounded by cell wall. The objective of this study was to evaluate 
the 0 to 42 d performance of broilers fed corn-, corn DGGS-, and 
soybean meal (SBM)-based diets that differed in the level of apparent 
metabolizable energy (AME), available phosphorus (avP) and digestible 
amino acids (dAA), with the addition of a carbohydrase complex (CC) 
enriched in Xyn and Abf. This trial was carried out in floor pens, using 
2,112 day-of-hatch male Cobb 500 chicks randomly distributed across 8 
treatments (11 replicates of 24 chicks each): T1 = Positive control (PC), 
formulated based on typical nutritional levels used in North America; T2 
= Negative control 1 (NC1), a 3% reduction in AME and 5% reduction 

in avP; T3 = NC2, NC1 with a 3% reduction in dAA; T4 = NC3, NC1 
with a 6% reduction in dAA; T5, T6, T7 and T8 consisted of the first 
4 treatments with the addition of Rovabio Advance L (200 mL/MT). 
Performance parameters (BW, BWG, FI and FCR) were measured at 
d 14, 28 and 42 . The nutritional reduction in NC1 did not result in a 
significant reduction in performance compared with the PC (P > 0 .05) 
in any of the feeding phases; however, a significant increase in FCR 
(P < 0.01) was observed in the starter and grower phases for NC2 and 
NC3 . The addition of CC only improved the FCR of NC1 and NC2 to 
the level observed with the PC (P > 0 .10) in these phases . Across the 
entire growout, the nutrient reductions in NC3 resulted in a significant 
reduction in BWG and increase in FCR compared with the PC (P < 
0.05). Using contrast analysis, the addition of CC promoted a significant 
improvement (P < 0 .05) in BWG and FCR for all NC feeds, improv-
ing BWG by +1.77% (P < 0.01) and FCR by −1.23% (P < 0 .05) . In 
conclusion, supplementing CC improves performance through higher 
nutrient availability when diets are formulated with 3% less AME and 
dAA, and 5% less avP.

Key Words: arabinofuranosidase, broiler, nutritional matrix, Rovabio 
Advance, xylanase

172   Performance of broilers fed corn-, corn DGGS-, and 
soybean meal-based diets with the addition of a carbohydrolase 
complex enriched in xylanases and arabinofuranosidase. Roberto 
Montanhini Neto1, Robert B . Shirley*2, Adam Davis3, Elisabeth Free-
man3, Pierre-Andre Geraert1, and Aurélie Preynat1, 1Adisseo France 
S.A.S., Antony, France, 2Adisseo USA Inc., Alpharetta, GA, 3Univer-
sity of Georgia, Athens, GA.

Arabinoxylan chain is recognized to be the most important constituent of 
cereal cell walls. The breakdown of this chain depends on both xylanase, 
for depolymerization of the xylan backbone, and arabinofuranosidases, 
to remove the arabinose branches. The objective of this study was 
to compare the performance of broilers fed corn-, corn DDGS-, and 
soybean meal (SBM)-based diets with the addition of carbohydrolase 
complex (CC) enriched in xylanases and arabinofuranosidases (Rovabio 
Advance), with reduced of apparent metabolizable energy (AME) and 
digestible amino acid (dAA) content. The trial was carried out in floor 
pens, using 1,440 d-old Cobb 500 chicks, randomly distributed into 3 
treatments (20 replicates of 24 chicks each): T1 = positive control (PC), 
formulated based on typical nutritional levels used in North America; 
T2 = negative control (NC), PC with a 3% reduction in AME and 
dAA; T3 = NC with the addition of Rovabio Advance L (200 mL/MT). 
Performance parameters (BW, BWG, FI, and FCR) were measured at 
d 14, 28, 35, and 42. Significant differences (P < 0.05) between PC 
and NC were observed during the grower and finisher phases. CC 
allowed restoration of performance losses of NC to the same level of 
that observed for PC, in all feeding phases (P > 0 .05) . In the overall 
period, the NC with CC had similar (P > 0 .05) BWG and FCR than 
the PC and significantly better than NC. CC could entirely recover the 
performance losses resulting from the reduction of 3% in AME and 
dAA content of corn-, corn DGGS-, and SBM-based diets for broilers, 
between d 0 and 42. The performance improvement indicates that the 
CC enriched in xylanases and arabinofuranosidases can provide more 
nutrients available to birds, improving energy and dAA retention in the 
order of 3% as well as enhancing the potential of growth performance 
and feed efficiency.

Key Words: arabinofuranosidase, broiler, carcass, Rovabio Advance, 
xylanase
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173   Evaluation of xylanase form and dose in broilers fed 
wheat-based diets. Fenglan Yan*, Drew Lichtenstein, and Mercedes 
Vazquez-Anon, Novus International Inc., St. Charles, MO.

A study was conducted to evaluate form and dose effect of a newly 
developed thermostable xylanase (Cibenza Xylaverse, Novus Inter-
national, Inc.) on growth performance, digesta viscosity, intestinal 
weight, and digesta xylanase activity of broilers fed wheat based diets. 
The study consisted of 6 dietary treatments arranged in a randomized 
complete block design: positive control, negative control with 100 kcal/
kg less ME, granulated xylanase 250 and 500 U/kg, and liquid xylanase 
250 and 500 U/kg. Each treatment was fed to 12 replicate battery pens 
of 8 Ross 308 male broilers. All diets were pelleted at 85°C and then 
crumbled; both xylanases were added before pelleting in the mixer. 
Body weight, feed intake, FCR, and mortality were determined on 
d 7, 15, and 21. On d 22, 2 birds per pen were killed to collect small 
intestine digesta for viscosity measurement. Empty small intestine was 
weighed. On d 23, another 2 birds were killed to collect jejunum digesta 
for xylanase activity determination. Data were analyzed with one way 
ANOVA and a P-value ≤0.05 was considered significantly different. 
Xylanase supplementation significantly increased 21-d body weight 
(3.6–6.1%) and improved 0–21 d FCR (3.5–5.4 points) with there being 
no difference among the xylanase treatments . Xylanase reduced digesta 
viscosity significantly by 23.0 to 34.6%. Granulated xylanase at 500 
U/kg resulted in lower digesta viscosity in comparison to granulated 
xylanase at 250 U/kg; neither was significantly different from liquid 
xylanase at 250 or 500 U/kg. Xylanase decreased small intestine rela-
tive weight of broilers by 6.6 to 11.3% regardless of form or dose. A 
significant amount of xylanase was recovered in jejunum digesta in a 
dose dependent manner regardless of xylanase form . In summary, the 
study demonstrated that the newly developed xylanase was efficacious 
in increasing body weight, improving FCR, and reducing digesta vis-
cosity and small intestine weight of broilers fed wheat-based diets. The 
newly developed xylanase was efficacious as low as 250 U/kg, and the 
liquid form performed as well as the granulated form in terms of both 
performance and gut parameters .

Key Words: thermostable xylanase, broiler, form, dose

174   Nitrogen-corrected apparent metabolizable energy of an 
exogenous carbohydrase added to diets formulated with low-fat 
distillers dried grains with solubles (LF-DDGS) from 0 to 28 d in 
broilers. Elizabeth J . Kim*1, Michael E . Persia2, Jonathan Broom-
head3, Xuimei Li3, Philip Lessard3, and Mike Lanahan3, 1ARS-USDA 

Poultry Research Unit, Mississippi State, MS, 2Virginia Tech Univer-
sity, Blacksburg, VA, 3Agrivida Inc., Medford, MA.

The objectives of this trial were to determine the effects on apparent 
metabolizable energy (AME) of diets formulated with low-fat distillers 
dried grains with solubles (LF-DDGS) and the inclusion of an exogenous 
carbohydrase. Four dietary treatments were fed: a corn/soybean meal 
control diet or a corn/soybean meal based diet with 12% LF-DDGS, 
both with or without enzyme inclusion. Diets were formulated to be 
isocaloric, isonitrogenous, with titanium dioxide added as an indigest-
ible marker to determine AME of the diets . On day of hatch, 320 male 
Ross × Ross 708 broilers were randomly allocated to 32 battery cages 
in groups of 10. Battery cages were located in a solid-sided build-
ing with complete environmental control. Each of the experimental 
diets was fed from 0 to 28 d of age to 8 replicate cages. All birds and 
feed were weighed on a weekly basis to determine live performance 
parameters. On d 11 and 25, all excreta pans were cleaned and excreta 
were collected over a 72 h period. On d 14 and 28, excreta subsamples 
were collected, dried, ground, and analyzed for titanium, nitrogen and 
gross energy to calculate AME of the total diets . All experimental diets 
were also analyzed for titanium, nitrogen and gross energy. All AME 
and performance data was analyzed as 2 × 2 factorial design in PROC 
GLIMMIX of SAS . The main effect of diet type, enzyme inclusion and 
interactions were analyzed as well as pairwise comparisons of the diets 
with or without enzyme inclusion. Significance was set at 0.05. Weekly 
body weight, gain and feed consumption for birds fed the LF-DDGS 
diets were significantly (P < 0.05) higher and FCR lower than the corn/
soybean meal control diets. The addition of the carbohydrase was found 
to significantly (P < 0 .05) increase AME at both 14 and 28 d for diets 
formulated with 12% LF-DDGS. The enzyme addition was found to 
increase AME of LF-DDGS diets by 108 kcal/g and 237 kcal/g at 14 
and 28 d, respectively . The results of this study indicate that the addition 
of a carbohydrase was found to significantly increase the AME of diets 
formulated with a LF-DDGS.

Key Words: metabolizable energy, carbohydrase, low-fat distillers 
dried grains with solubles, broilers
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175   Effect of a commercial organic acid product (pHorce) 
on performance of broiler chickens fed wheat-maize-soybean 
meal-based diet. Katharina Schuh*1, Augustine Owusu-Asiedu2, 
Georg Dusel1, Aikaterini E . Konstanti2, Emma Graystone2, and 
Leon J . Broom2, 1University of Applied Sciences Bingen, Bingen, am 
Rhein, Germany, 2Anpario PLC, Worksop, Nottinghamshire, United 
Kingdom.

The current study evaluated the effect of a commercial wheat-maize-
soybean meal based diet supplemented with an organic acid product 
containing a specific combination of formic and propionic acids (pHorce) 
on performance parameters in broiler chickens . One day-old broiler 
chickens (Ross 308) were randomly allotted to 2 treatments with 10 
replicate cages/treatment and 2 birds/cage from d 1 to 21. From d 21 
to 35, birds were reduced to one per cage. The dietary treatments were 
(1) a positive control basal diet containing wheat, corn, and soybean 
meal formulated to meet or exceed nutrient requirements of Ross 308 
broilers; PCD, and (2) PCD + supplemented with pHorce (1.0, 0.7 and 
0.5 kg/MT of feed in starter, grower and finisher feed, respectively; 
OAD. The diets were fed in 3 phases from d 1 to 7, d 8 to 21, and d 
22 to 35 (starter, grower, finisher, respectively). Body weight (BW), 
feed intake (FI), average daily weight gain (ADG) and feed efficiency 
(feed conversion ratio, FCR) were determined. Data were analyzed 
as completely randomized design by GLM of SPSS using BW d 0 as 
covariate. Although overall ADG and FI were not affected (P > 0 .05) by 
dietary treatment, final BW was numerically higher (P = 0 .14) and FCR 
improved in the finisher phase (d 22–35; P < 0 .001) and overall trial 
period (d 0–35; P = 0.004) for OAD fed birds. Overall feed efficiency 
improved (P < 0.05) by 6.8% in broilers fed OAD compared with PCD. 
In conclusion, the current study showed that addition of a commercial 
organic acid containing a blend of formic and propionic acid (pHorce), 
to a commercial diet improved feed utilization and performance in 
broiler chickens from d 0 to 35 .

Key Words: organic acid, broiler, performance

176   Withdrawn

177   Yeast as nucleotide source in turkey diets. Melina A . 
Bonato*1, John Schliefer2, Glycon D . Santos1, Brett S . Lumpkins3, 
Greg F . Mathis3, and Frederic J . Hoerr4, 1ICC Industrial Comércio 
Exportação e Importação Ltda., São Paulo, SP, Brazil, 2Quality Tech-
nology International Inc., Elgin, IL, 3Southern Poultry Research Inc., 
Athens, GA, 4Veterinary Diagnostic Pathology LLC, Fort Valley, GA.

This study evaluated the effects of dietary supplementation of 3 levels of 
autolyzed yeast (with enzymatically hydrolyzed RNA) as a nucleotide 
source on turkey performance . For this, 256 one-day-old Nicolas turkeys 
poults were distributed in a completely randomized block design (battery 
pens), with 4 treatments and 8 blocks, being 8 cages of 8 poults each 
(0 .19m2/bird). The treatments were as follows: T1 = control diet (no 
additive supplemented); T2 = diet with nucleotide source at 1 kg/MT, 
T3 = diet with nucleotide source at 3 kg/MT; T4 = diet with nucleotide 
source at 5 kg/MT. The source of nucleotide [YNU] was from Sac-
charomyces cerevisiae yeast product named Hilyses, included in diets 
from 0 to 21 d. Study criteria included body weight gain (BWG, kg), 
feed intake (FI, kg), feed/gain ratio (FGR), and mortality rate (%) at 
21 d. Duodenum and jejunum samples were collected at 21 d for mea-

surement of villus height (V, µm), crypt depth (C, µm), relationship 
between villus height and crypt depth (V:C ratio), and mucosal thickness 
(MT, µm). The data were analyzed using the SAS LSD test (P ≤ 0.05) 
to separate means when ANOVA F values are significant (P ≤ 0.05). 
The birds supplemented with YNU at 1 kg/MT had best FGR (−6.85 
and −5.80%) compared with Control and YNU at 5 kg/MT (P < 0 .05), 
respectively . The treatments had no effect (P > 0 .05) on FI, BWG, or 
mortality rate at 21 d. Although there were no statistical differences (P 
> 0.05) between treatments for histomorphometry parameters, for each 
YNU inclusion level (1, 3 and 5 kg/MT, respectively), were numerically 
improved in duodenum (V +3.8, 8 and 8%; V:C +12.3, 16 and 8.3%; 
MT +1.8, 5.1 and 7%) and jejunum (V +14.2, 12 and 23.4%; V:C +28.3, 
13.6 and 39%; MT +9, 8.3 and 16%) versus control. In summary, this 
study demonstrated that turkey diets supplemented with 1 kg/MT of 
YNU significantly improved feed/gain ratio from 0 to 21 d compared 
with control diets.

Key Words: intestinal integrity, performance, Saccharomyces 
cerevisiae

178   Withdrawn

179   Effects of dietary lysophospholipid product (Lipidol) on 
laying performance, egg quality, nutrient digestibility, blood 
profiles, yolk cholesterol, and fatty acid deposition of laying hens. 
Waewaree Boontiam1, Byoung Jung*2, Yoon K . Hyun2, Seoung O . 
Nam1, and Yoo Y . Kim1, 1Department of Agriculture and Biotechnol-
ogy, College of Agriculture and Life Sciences, Seoul National Univer-
sity, Seoul, South Korea, 2Easy Bio Inc., Seoul, South Korea.

A study was conducted to evaluate the effects of dietary lysophospholipid 
product (Lipidol) on layer performance, egg quality, nutrient digest-
ibility, blood profiles, and cholesterol and fatty acid deposition of yolk 
in laying hens . A total of 420 Hy-Line W36 laying hens at the age of 
28 weeks old were randomly assigned to 5 treatments with 6 replicates 
per treatment. The dietary treatments were supplemented with 0, 0.03, 
0.05, 0.07, and 0.10% of Lipidol, respectively. Linear improvements 
in egg production, egg mass, feed conversion ratio, and feed per dozen 
eggs were significantly observed in groups fed Lipidol. Yolk color 
was darker in groups fed Lipidol (P = 0.038). Fat digestibility was 
increased numerically by the inclusion of Lipidol . Triglyceride and 
retinol concentrations in serum at 38 wk of age increased linearly (P 
= 0 .020 and P = 0 .022, respectively) . Yolk triglyceride concentration 
decreased linearly (P = 0 .041) in response to Lipidol supplementation, 
but yolk cholesterol concentration decreased at the age of 38 weeks old. 
Furthermore, polyunsaturated fatty acids (PUFA), n-3 PUFA (a-linolenic 
acid and docosahexaenoic acid), linoleic acid, arachidonic acid, as 
well as the ratios of n-6:n-3 and PUFA:SFA (saturated fatty acids) in 
yolk were increased in groups fed Lipidol. It is concluded that Lipidol 
could be supplemented to laying hen diets with the beneficial effects 
on reduction in yolk cholesterol and triglyceride and improvement in 
laying performance and yolk color score .

Key Words: lysophospholipid, laying hen, performance, cholesterol, 
fatty acids
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181   Performance enhancer complex on pullet growth and hen 
production parameters with and without Salmonella vaccina-
tion. Amanda Luoma*1, G . Raj Murugesan2, Attila Kovacs3, Revathi 
Shanmugasundaram1, Ashley Markazi1, and Ramesh Selvaraj1, 
1Department of Animal Sciences, The Ohio State University, Colum-
bus, OH, 2Biomin America Inc., San Antonio, TX, 3Biomin Holding 
GmbH, Getzersdorf, Austria.

This experiment studied the effects of a unique blend of performance 
enhancer complex (Biotronic Top3) consisting of formic, propionic, 
and acetic acids combined with cinnamaldehyde and a permeabilizing 
complex on pullet growth and hen egg production parameters with 
and without Salmonella vaccination. The performance enhancer was 
added to the feed at a rate of 1 g/kg from day-of-hatch until the end 
of the project at 23 wk of age. At 14 wk of age, birds were vaccinated 
with 0.3 mL of Poulvac SE (Salmonella Enteritidis bacterin; phage 
types 4, 8 and 13a) subcutaneously and were given a booster at wk 
17. At 18 wk of age, birds were brought into production by increasing 
light hours to 18 h/d. Body weights were collected every 2 wk and egg 
count was collected every day following first egg. An one-way ANOVA 
(JMP, SAS Institute Inc., Cary, NC) was used to examine the effect of 
supplementation on dependent variables and interaction effects and main 
effects were determined by Tukey’s least squares means comparison 
and effect of supplementation in addition to vaccination by contrast 
analysis . Supplementation of enhancer increased BW (P < 0 .05) from 
day-of-hatch through wk 23. Birds which received diets supplemented 
with performance enhancer on top of the vaccination had increased (P < 
0.05) BW after the vaccination through wk 23 as well as BW gain from 
vaccination through wk 22. Supplementation of enhancer decreased (P < 
0.05) age of bird at first egg as well as increased (P < 0.05) weekly and 
total egg counts . We concluded that supplementing pullet and layer diets 
with the performance enhancer can increase production performance.

Key Words: pullet, body weight gain, egg production, salmonella, 
permeabilizing complex

182   Performance and necrotic enteritis lesion scores of broil-
ers fed diets containing Avi-Lution or BMD and challenged with 
Clostridium perfringens. Michael D . Sims*1, David A . Spangler2, 
and Lucas A . Krueger2, 1Virginia Diversified Research Corp., Har-
risonburg, VA, 2Agri-King Inc., Fulton, IL.

A 42-d broiler floor pen study was conducted to determine the response 
in body weight (BWT), feed conversion ratio (FCR), mortality (MRT), 
and necrotic enteritis intestinal lesion scores (LSC) of Clostridum per-
fringens (Cp)-challenged broilers on diets supplemented with Avi-Lution 
2 lb/t (AvL2), Avi-Lution 4 lb/t (AvL4) or BMD 50 g/t (BMD). Cobb 
500 SR broiler chicks (1,250 birds) were randomly allotted to 50 pens 
(25/pen). Each pen contained 1 water fountain and a 50-lb capacity feed 
tube. Each pen had ~3 inches of new wood shavings at 0 d with 4 lb of 
used low pathogen load litter added at 4d to mimic industry conditions. 
A dietary program of corn/soy/ddg/meat bone starter, grower and finisher 
feeds were fed through 14, 28 and 42 d, respectively. Broilers and feeds 
were weighed at 14, 28 and 42 d. Necrotic Enteritis (NE) challenge 
system (via feed) began at 10 d and LSC observed (3/pen) at 14 and 42 
d. The 28-d BWT of the 3 supplemented groups were not different from 
the uninfected controls (UC) while all were heavier than the IC group. 
The 28-d MRT of the BMD group (0.8%) was lower than both the AvL2 
(5.6%) and IC (9.2%) groups. At 42 d, the BWT of AvL2 (5.227 lb) and 
AvL4 (5.189 lb) were heavier (P < 0 .01) than both BMD (4 .920 lb) and 
IC (4.911 lb) groups while all Cp-challenged groups weighed less (P < 
0.10) than the UC (5.452 lb) group. The 42-d FCR were not different 

between AvL2 (1.892 and 1.865) and AvL4 (1.863 and 1.847) while 
AvL4 was less (P < 0 .10) at each time than BMD (1 .939 and 1 .865) . 
The 42-d MRT of BMD (2.00%) was less (P < 0.10) than AvL2 (6.4%) 
and IC (10.0%). The UC birds were indirectly infected as indicated by 
14-d LSC of 0.867 and 42-d LSC of 1.433, both of which were lower 
(P < 0 .10) than all other groups at each time point . The 14-d LSC of 
the 4 challenged groups were not different while 42-d LSC of AvL4 
was higher (P < 0.10) than BMD and IC. Final weight and FCR of this 
study suggests that AvL2 and AvL4 may provide broilers with optimal 
non-antibiotic related nutrition to sustain adequate performance during 
a NE challenge .

Key Words: Avi-Lution, BMD, necrotic enteritis, Clostridium per-
fringens, lesion score

183   Bacterial bacitracin resistance potential in broilers chal-
lenged with Clostridium perfringens and supplemented with BMD 
or Avi-Lution. Lucas A . Krueger*1, David A . Spangler1, and Michael 
D . Sims2, 1Agri-King Inc., Fulton, IL, 2Virginia Diversified Research, 
Harrisonburg, VA.

We sought to estimate the bacitracin-resistance potential of cecal bacte-
rial communities in broilers challenged with Clostridium perfringens 
(Cp) and supplemented with antibiotic (BMD) or probiotic (Avi-Lution) 
treatments during a 6-wk trial. One hundred intestinal ligations were 
collected from broilers in a 5-treatment study (n = 20 per treatment) . 
Broilers were raised under control conditions or were challenged with 
2 β-hemolytic strains of Cp. Challenged birds were raised under con-
trol conditions or supplemented in feed with either bacitracin (BMD 
55 mg/kg) or Avi-Lution at a low (1.0 g/kg) or high dose (2.0 g/kg). 
We hypothesized that broiler performance was affected by bacterial 
bacitracin resistance during the challenge period . We tested bacitracin 
sensitivity of both Cp isolates via growth proximity to a bacitracin disk 
on agar and discovered resistance in one isolate . We then used PCR to 
examine both isolates for the presence of α-toxin, common to all Cp 
groups, and for 4 genes comprising the plasmid-bound BcrABD operon 
and regulator for bacitracin resistance. Both isolates were equally posi-
tive for α-toxin at 12.7 ± 1.1 (mean ± standard error) cycles to threshold, 
whereas the BcrABD operon and regulator were positive only in the 
bacitracin-resistant strain, averaging 10 .3 ± 1 .2 cycles to threshold 
among the 4 targets. BcrD and α-toxin were measured in broiler ceca 
via qPCR. BcrD was present at 75.6 ± 4.8% of 16S abundance and 
was significantly lower in the infected control group and in birds fed 
1.0 g/kg Avi-Lution (56.4 ± 7.5% and 57.7 ± 8.0% of 16S abundance, 
respectively). Conversely, α-toxin was identified in only 8.0% of cecal 
samples at 0.0015 ± 0.0006% of 16S abundance. We thus conclude that 
Cp was a source of BcrD to cecal bacteria and the gene was abundant 
in the commensal population .

Key Words: bacitracin resistance, antibiotic resistance, Clostridium 
perfringens, BcrABD, BcrD

184   Chemistry curtailing bacterial enteritis in poultry. Jeroen 
Baeyens1, Tina Rogge1, Jan Anné*1, Wael Gad2, and Maarten De 
Gussem3, 1Proviron, Flanders, Belgium, 2TGD – Tiergesundheitsdi-
enst, Fellbach, Germany, 3Vetworks, Flanders, Belgium.

The poultry industry is facing huge changes in how antibiotics (AB) are 
being used . Several pressures affect resistance in bacteria of importance 
to animal and human health. The acknowledgment that AB must be 
used responsibly, leads to an increasing need for alternatives . Therefore, 
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the US poultry industry aims to follow the European Union’s model 
on poultry production free of AB growth promoters. It is known that 
over 50% of AB treatments are directly related to enteric diseases as 
dysbacteriosis and bacterial enteritis . These affect the intestinal health 
and are provoked by C. perfringens . They cause serious economic 
losses through reduced performance, higher FCR, wet litter problems 
and morphological and functional alterations in the gut . To try to curtail 
this, Proviron developed the feed ingredient Provifeed Optigut, a well-
selected combination of esterified fatty acids, to improve gut health by 
stimulating gut development and modulating gut flora. The efficacy 
was evaluated in field trials in Europe. Over more than 1 yr, Optigut 
was mixed in the feed of 300,000 turkeys in Germany until 12 wk of 
age. Performance was compared with monthly averages obtained from 
slaughterhouses. Likewise, Optigut was tested in industrial broiler 
conditions (600,000 heavy and 500,000 light broilers; slaughtered at 
41 and 30 d of age, respectively). Technical performance was evalu-
ated by end weight (EW), mortality and FCR. Health parameters were 
monitored by macroscopic lesion scoring and tracking of the AB use . 
All data were close to a normal distribution, determined by univariate 
statistics. A 2-way ANOVA was performed on all data, followed by a 
2-sided t-test . P-values <0.05 were considered significant. In turkeys, 
the return on investment (ROI) based on the increased EW and reduced 
mortality and AB cost was ≥8. The AB cost dropped €0.5 per turkey. 
Broilers showed ROI ≥3 combined with a 2-d AB reduction. This work 
proved that Provifeed Optigut could be used to reduce the antibiotic use 
and improve technical performance in poultry .

Table 1 .

  Tom  
turkey

Hen  
turkey

Heavy 
broiler

Light  
turkey

EW (kg) +1 .0* +0 .4* +0 .1* +0 .1*
FCR (points) −3* −2* −4* −2*
Mortality (%) −1.7* −2.5* −0.4* −1.1*
*Significantly different .

Key Words: feed ingredient, gut health, nutrition, bacterial enteritis, 
metabolism

185   Susceptibility of broiler chickens fed fumonisin-con-
taminated diet and efficacy of an enzyme for gastrointestinal 
fumonisin hydrolysis. Bertrand Grenier*1,2, Heidi Elisabeth 
Schwartz-Zimmermann3, Markus Aleschko1, Gerd Schatzmayr1, 
Wulf-Dieter Moll1, and Todd J . Applegate2,4, 1Biomin Research 
Center, Tulln, Austria, 2Department of Animal Sciences, Purdue 
University, West Lafayette, IN, 3Christian Doppler Laboratory for 
Mycotoxin Metabolism and Center for Analytical Chemistry, Depart-
ment for Agrobiotechnology (IFA-Tulln), Tulln, Austria, 4Department 
of Poultry Science, University of Georgia, Athens, GA.

Emerging data show that mycotoxins from Fusarium species, such as 
deoxynivalenol and fumonisins (FB), may affect intestinal functions of 
broiler chickens and render them more susceptible to intestinal pathogens 
(e .g ., Clostridium perfringens, Eimeria spp .), at concentrations close 
to field incidences and below the US and European Union guidelines. 
This is most likely attributed to the poor intestinal absorption of these 
mycotoxins, implying that a substantial portion of non-absorbed toxins 
remains in the lumen of the gastrointestinal tract (GIT) . Thus, the pres-
ent study determined the efficacy of an enzyme, fumonisin esterase 

FumD (FUMzyme), to hydrolyze FB in the GIT of broiler chickens . 
Male broilers were fed 3 different diets for 14 d (6 birds/cage, 6 cages/
diet): (1) control feed, (2) feed contaminated with 10 mg FB/kg, and 
(3) feed contaminated with 10 mg FB/kg and supplemented with 100 
U/kg of the fumonisin esterase. The biomarker of effect, Sa/So ratio, 
was evaluated in both serum and liver. FB ingestion typically results 
in a greater increase of the sphingoid base, sphinganine (Sa) than of 
sphingosine (So), and establishing the Sa/So ratio is very common to 
assess the exposure of animals to FB . In addition, the intestinal con-
centration of FB and its hydrolyzed form (metabolite produced by the 
enzyme) was evaluated in 3 different parts of the GIT, and in the excreta. 
Results showed that supplementation of feed with the fumonisin esterase 
is very effective in reducing the exposure of birds to FB, as observed 
for Sa/So ratios in the serum and liver. Disappearance of the parent 
mycotoxin by 71%, along with appearance of its hydrolyzed form, was 
obtained regarding the analysis of the metabolite content in the GIT . 
The upregulation of inflammatory cytokine (mRNA) expression seen 
in the jejunum of birds fed FB was fully prevented by the addition of 
fumonisin esterase. In conclusion, diet supplementation with fumonisin 
esterase substantially detoxified FB in birds and neutralized the potential 
adverse effects on gut functions .

Key Words: mycotoxin, gastrointestinal tract, biotransformation, 
biomarker, cytokine

186   Biotransformation of deoxynivalenol to de-epoxy-deoxyni-
valenol in turkeys by Biomin BBSH 797. Simone Schaumberger*1, 
Barbara Doupovec2, and Dian Schatzmayr2, 1Biomin Holding GmbH, 
Getzersdorf, Austria, 2Biomin Research Center, Tulln, Austria.

The feed additive Biomin BBSH 797 contains the bacterial strain BBSH 
797 affiliated with the family Coriobacteriaceae . This bacterium cata-
lyzes the cleavage of the 12,13-epoxy group of trichothecenes, which 
results in the formation of de-epoxy metabolites of no toxicological 
concern . The deoxynivalenol (DON) metabolite produced by BBSH 
797 is epoxy-deoxynivalenol (DOM-1) . In poultry excreta, both DON 
and DOM-1 are mostly present as sulfates (i .e ., DON-3-sulfate and 
DOM-3-sulfate, respectively). The aim of this study was to investigate 
the capability of BBSH 797 to detoxify DON in the digestive tract of 
turkeys by using DON-3-sulfate and DOM-3-sulfate as biomarkers in 
excreta . Fifteen female turkeys (Hybrid Converter) approximately 10 
wk of age were randomly assigned to 3 experimental groups. One group 
received feed naturally contaminated with 1.5 mg/kg DON (toxin group), 
a second group received feed containing 1.5 mg/kg DON and 1.7 × 108 
cfu BBSH 797/kg (BBSH 797 group), and a third group received feed 
without DON or BBSH 797 (control group). During the experimental 
phase of 3 d, turkeys were fed restrictively twice a day. Excreta samples 
of each bird were collected 7 times a day at fixed intervals for 2 con-
secutive days . Concentrations of DON-3-sulfate and DOM-3-sulfate 
in excreta were determined by LC/MS-MS analysis. At both sampling 
days, a significant decrease of DON-3-sulfate was observed in excreta 
of the experimental group with BBSH 797 compared with the toxin 
group. Concomitantly, DOM-3-sulfate significantly increased in the 
BBSH 797-treated group compared with the toxin group. Low levels 
of DON-3-sulfate and DOM-3-sulfate were detected in excreta of the 
control group. These findings indicate the effective biotransformation 
of DON to DOM-1 by BBSH 797 in the digestive tract of turkeys .

Key Words: turkey, mycotoxin, deoxynivalenol, biotransformation, 
Biomin BBSH 797
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187   An in vitro investigation into the effect of phytic acid on 
starch hydrolysis: Novel molecular insights. Luke P . Barnard*1, 
Yueming Dersjant-Li1, Ajit K . Satapathy2, Sudheendra K . Kumar2, 
Naresh B . Koneru2, Soumyadip Ghosh2, Luis F . Romero1, and Ashish 
Paradkar2, 1Danisco Animal Nutrition–DuPont Industrial Biosci-
ences, Marlborough, United Kingdom, 2DuPont Knowledge Center, 
E.I. DuPont India Private Limited, Hyderabad, India.

The antinutritional effect of phytic acid in feed ingredients is well docu-
mented. However, the nature and specific mechanisms for many of these 
interactions are not yet well defined. In this in vitro study, we investigated 
the effect of phytic acid on starch hydrolysis and provide mechanistic 
insights of the interactions . A spectrophotometric starch hydrolysis 
assay was used to quantify the effects phytic acid on starch hydrolysis. 
Saturation transfer difference NMR (STD-NMR) and internal tryptophan 
florescence were used to investigate ligand binding and conformational 
changes to amylase enzyme structure. There was complete hydrolysis 
of 250 μg of starch by 5 μg of amylase. Phytic acid inhibited starch 
hydrolysis, with almost complete inhibition achieved at 5 mM phytic 
acid concentration. The effect was driven through interactions between 
phytic acid and both starch and amylase . STD-NMR demonstrated that 
phytic acid was able to bind corn starch, wheat starch but not to a purified 
starch, maltodextrin. There was no binding of corn starch by phytic acid 
in the presence of phytase or protease . This could suggest that phytic 
acid is binding to proteins-associated with starch from grains prevent-
ing hydrolysis by amylase. The fluorescence assay showed there were 
conformational changes in the structure of the amylase enzyme caused 
by phytic acid addition . These results suggest that phytic acid causes an 
unfolding of the amylase enzyme and rendering it catalytically inactive . 
Addition of phytase to the mixture can mitigate the effects, suggesting 
the interaction is reversible. In conclusion, this work identifies novel 
mechanistic insights to the way phytic acid inhibits starch hydrolysis and 
demonstrates that phytase is effective in alleviating the negative effects .

Key Words: phytase, phytic acid, starch, amylase, in vitro

188   Influence of initial body weight, beak trimming, and 
inclusion of Na-butyrate in the diet on growth performance, body 

weight uniformity, and digestive tract traits of brown pullets 
from hatching to 16 wk of age. Nuria Nuñez1, Guillermo Fondev-
ila1, Pilar Guzmán1, Beatrix Saldaña1, Andrés Ortiz2, Raúl Rodrí-
guez3, and Gonzalo G . Mateos*1, 1Departamento de Producción 
Agraria, Universidad Politécnica de Madrid, Madrid, Spain, 2Nutega 
S. L., Coslada, Madrid, Spain, 3Ibertec S. A. U., Boecillo, Valladolid, 
Spain.

The influence of initial BW and beak trimming on growth performance, 
BW uniformity, and gastrointestinal tract (GIT) traits was studied in 
brown pullets fed diets supplemented or not with 0.3% Na-butyrate 
(Butirex C4; Novation 2002 S. L.) from hatching to 16 wk of age. The 
GIT traits studied were the pH, relative weight (RW, g/kg BW), and 
fresh contents of the GIT organs and the relative length (cm/kg BW) of 
the small intestine and cecum, at 5, 10, and 16 wk of age. There were 
12 treatments organized as a 2 × 2 × 3 factorial, with the initial BW of 
the pullets at hatching (34.2 vs. 37.9 g), beak trimming procedure [low 
(L-0) or high (H-0) intensity of infrared treatment applied at the hatch-
ery, and traditional beak trimming at 8 d of age (F-8)], and inclusion 
of Na-butyrate in the diet (0 vs. 0.3%) as main effects. No interactions 
among main effects were detected for any of the variables studied and 
therefore, only main effects are presented. Growth performance was not 
affected by the initial BW of the pullets in any of the periods considered . 
From 0 to 7 wk of age, H-0 pullets had greater ADFI (P < 0 .01) and 
ADG (P < 0.05) than F-8 pullets with L-0 pullets being intermediate. 
Also, F-8 pullets showed reduced ADFI (P < 0.05) from 0 to 16 wk of 
age as compared with H-0 pullets, with L-0 pullets being intermediate. 
Cumulatively (0–16 wk), no differences in ADG or FCR were detected. 
In general, the inclusion of Na-butyrate improved BW gain of the pul-
lets but the benefits were significant only from 0 to 2 wk of age (P < 
0 .005) . Treatment did not affect pullet uniformity or any of the GIT traits 
studied at any age . In summary, neither initial BW nor beak trimming 
methods affected pullet weight or GIT development. Supplementation 
of the diet with Na-butyrate improved pullet growth at the early stages 
of growth but not thereafter.

Key Words: beak trimming, gastrointestinal tract, initial body 
weight, Na-butyrate, pullet
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189   Effects of temperature and growth selection on adipogenic 
potential of turkey pectoralis major muscle satellite cells. Daniel 
L . Clark*1, Gale M . Strasburg2, Kent M . Reed3, and Sandra G . Velle-
man1, 1The Ohio State University / Ohio Agricultural Research and 
Development Center, Wooster, OH, 2Michigan State University, East 
Lansing, MI, 3University of Minnesota, St. Paul, MN.

Immature poults have an inefficient thermoregulatory system and are 
sensitive to extreme temperatures . Satellite cells, the only posthatch 
myonuclei source, are stem cells capable of differentiating into other 
non-myogenic lineages and are sensitive to temperature . The objective 
of the current study was to determine the effects of temperature on 
satellite cell adipogenic potential. Satellite cells were isolated from the 
pectoralis major (p . major) muscle of a Randombred Control line (RBC2) 
and an F line turkey selected from the RBC2 line only for 16-wk body 
weight. Satellite cells were cultured between 33 and 43°C to ascertain 
both cold and heat effects in comparison to cells cultured at the con-
trol 38°C. Expression of adipogenic genes CCAAT/enhancer-binding 
protein β (C/EBPβ) and proliferator-activated receptor γ (PPARγ) were 
measured. At 72 h of proliferation, lipid clusters were observed at 43°C 
within satellite cells and the amount of quantifiable lipid in both F and 
RBC2 satellite cells increased (P < 0.01) as temperatures went above 
38°C and decreased at temperatures below 38°C (P < 0 .01) . At 72 h of 
differentiation and at 43°C, there were visible lipid clusters or diffuse 
lipid throughout entire myotubes in both cell lines. Above 38°C, RBC2 
satellite cells had more lipid compared with the F line during differentia-
tion, whereas there were few differences between lines below 38°C. At 
72 h of proliferation, C/EBPβ and PPARγ decreased significantly (P ≤ 
0.02) as temperatures increased from 33 to 43°C in both cell lines. At 
72 h of differentiation, C/EBPβ expression significantly increased (P < 
0.01) as temperatures increased from 33 to 43°C in both the RBC2 and 
F lines . In the F line satellite cells, PPARγ expression decreased (P < 
0.01) with increasing temperatures at 72 h of differentiation; whereas 
there was no linear trend (P = 0 .41) across temperatures for the RBC2 
cells. Results from the current study suggest that temperature can influ-
ence cellular fate of turkey p. major satellite cells; however, selection 
for body weight had little effect on these changes.

Key Words: adipose, muscle, satellite cell, temperature, turkey

190   Two circumventricular organs bordering the hypothala-
mus play a role in the regulation of the stress response in birds. 
Wayne J. Kuenzel*, N. Alphonse Aman, Gurueswar Nagarajan, and 
Seong W . Kang, University of Arkansas, Fayetteville, AR.

The organum vasculosum of the lamina terminalis (OVLT) and subseptal 
organ (SSO) are circumventricular organs (CVO) located in the dien-
cephalon . Do both CVOs play a role in the neuroendocrine regulation 
of stress in birds? Two stress treatments (trt) were imposed on chicks, 
1-h immobilization stress or 1-h physical(osmotic) stress resulting in 4 
trt: acute restraint stress (AS) acute control (AC), ip hypertonic saline 
(HS), and isotonic control (IC). After 1 h, blood samples and brains were 
sampled, the latter frozen and stored at –80°C. Two brain areas were dis-
sected, the OVLT and SSO. Both stressors resulted in significant eleva-
tions of plasma corticosterone (CORT) and arginine vasotocin (AVT) 
compared with controls. Utilizing quantitative RT-PCR and the OVLT 
and SSO samples from individual birds (n = 7–8/trt), gene expression 
was determined for the avian vasotocin 1a receptor (V1aR), angiotensin 
II type 1a receptor (AT1aR) and transient receptor potential vanilloid one 

cation channel (TRPV1). It was found that the OVLT responded to acute, 
immobilization stress with significantly increased gene expression of the 
V1aR, AT1aR and TRPV1 compared with controls. In contrast, follow-
ing systemic hyperosmolality, significantly increased gene expression 
of V1aR but decreased expression of the AT1aR and TRPV1 occurred . 
Within the SSO, restraint stress resulted in significantly increased gene 
expression of the V1aR while both the AT1aR and TRPV1 showed no 
change in gene expression . In contrast, administration of hyperosmotic 
saline (HS group) resulted in significant elevation of the V1aR, AT1aR 
and TRPV1 . Results suggest that the SSO (subfornical organ), responded 
to the osmotic challenge with upregulation of all 3 genes, however, 
with no significant response to psychological stress by the AT1aR and 
TRPV1. In contrast, the OVLT showed activation of all 3 genes to the 
psychological stressor while both the AT1aR and TRPV1 were signifi-
cantly downregulated following the physical stressor. 

Key Words: organum vasculosum of the lamina terminalis (OVLT), 
subfornical organ

191   Identification of vasotocin receptor antagonists involved 
in the attenuation of stress response in male broilers. Seong W . 
Kang*, Srinivas Jayanthi, Gurueswar Nagarajan, Thallapuranam K. 
Kumar, and Wayne J . Kuenzel, University of Arkansas, Fayetteville, 
AR.

Chicken vasotocin 2 and 4 receptors (cVT2R and cVT4R) play impor-
tant roles in the stress response of the anterior pituitary gland . The 
objectives of this study were (1) to search the effective antagonists for 
cVT2R in silico, and (2) to test their in vitro antagonistic effect and 
co-administration effect of cVT2R antagonists with the previously 
identified cVT4R antagonists. A homology-based structural model of 
cVT2R was built using the SYBYL-X Suite (Tripos). Several mam-
malian V1bR antagonists were screened by molecular docking to locate 
binding sites and affinities with cVT2R, and compared with those of 
cVT4R. The selected cVT2R antagonists or the combination with cVT4R 
antagonists were examined in the primary anterior pituitary cells fol-
lowing in vitro stress. The specificity of each receptor antagonists was 
also tested for the effect into the receptors gene expression . The results 
showed that H-5350 (Manning compound) and several mammalian 
V1bR antagonists were bound to cVT2R with higher affinity than 
arginine-vasotocin (AVT). Common and different binding / interacting 
amino acids residues in each receptor were found for each antagonist. In 
vitro dose-dependent antagonistic effects were observed in 2 candidate 
cVT2R antagonists, SSR-149415 and L-368899 . Antagonistic effects of 
co-treatment of cVT2R and cVT4R antagonists (10 pM) were highest 
with H-5350/SSR-149415 (49%) followed by H-5350/L-368899 (41%) 
and SR-49059/SSR-149415 (39%). Pretreatment of H-5350 in anterior 
pituitary cells antagonized 72% and 40% of cVT2R and cVT4R mRNA 
expression, respectively. SR-49059 pretreatment, however, antagonized 
30% of cVT4R expression, but not cVT2R expression (P < 0 .05) . Taken 
together, results suggest that mammalian V1aR antagonist SR-49059 
and V1bR antagonist SSR-149415 and H-5350 appear to be effective 
cVT4R and cVT2R antagonists, respectively, and H-5350 is more 
effective antagonist to the cVT2R than cVT4R, however, has a lack of 
cVTR subtype specificity.

Key Words: stress, vasotocin, receptor, antagonist, molecular struc-
tural modeling
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192   Depression of growth performance and immunity in 
heat-stressed broiler chickens. Ahmed Abbas*1, Ayman Hassan1,2, 
Abdel-Rahman Atta1, and Magdi Mashaly1, 1Cairo University, Giza, 
Egypt, 2Ain Shams University, Cairo, Egypt.

In tropical and semi-tropical regions, concerns regarding high environ-
mental temperature affecting growth performance and immune func-
tion arise. The aim of this investigation was to determine the effect of 
inflammatory response induced by heat stress on growth productivity, 
lymphocyte protein synthesis, and immune function in broiler chickens . 
In this study, 300 one-day-old broiler chicks (Cobb) were randomly 
assigned into 2 groups with 3 replicates of 50 chicks each. Broiler chicks 
were reared on the floor in an open-sided housing system. From 4 to 6 
wk of age, one group was exposed to heat stress at 35°C and the other 
group was not stressed condition (at 24°C). Our results showed that heat 
stress significantly stimulated plasma corticosterone and H/L ratio by 2- 
and 1-fold, respectively, compared with the control. Heat-stressed birds 
had significantly (4-fold) higher mortality rate and lowered weight gain 
and feed consumption (by 3- and 0.8-fold, respectively) compared with 
control birds. Further, the results demonstrated that heat stress signifi-
cantly suppressed T-lymphocyte proliferation by 2 .5-fold, antibody titer 
against Newcastle disease by 25%, and lymphocyte protein synthesis by 
36%, compared with control. In addition, the phosphorylation level of 
eukaryotic elongation factor kinase2 (eEFK2) was significantly higher in 
stressed group by 3-fold, compared with control group. In conclusion, 
our results indicated that heat stress at the last 3 wk of age (4–6 wk) 
triggered the inflammation response and reduced feed consumption and 
weight gain. Furthermore, it suppressed immune function by stimulat-
ing the phosphorylation level of eEFK2 resulting in the inhibition of 
lymphocyte protein synthesis . That inhibition of lymphocyte protein 
synthesis may play a key role in suppressing the immune function .

Key Words: broiler, heat stress, productivity, immunity

193   Withdrawn 

194   Effect of neem leaf (Azadirachta indica) meal diets on 
growth, hematological and serum biochemical indices of Japa-
nese quail (Coturnix japonica). Oluremi M . Daudu*, Rachel Balami, 
Musa Muhammad, Taiye S . Olugbemi, and Kayode A . Olutunmogun, 
Ahmadu Bello University, Zaria, Nigeria.

A study was conducted to evaluate the effect of dietary inclusion of 
neem (Azadirachta indica) leaf meal on the hematological and serum 
biochemical indices of quails. Neem leaf meal (NLM) was included 
in quail diets at 0, 3, 6, and 9% levels. Two hundred and seventy-two 
17-d-old quail were used. They were divided into 4 treatments with 
4 replicates each in a completely randomized design . Hemoglobin 
concentration and packed cell volume were determined using cyan-
methemoglobin and Wintrobe microhematocrit methods respectively . 
Randox assay kits were used for the biochemical indices. The result 
for hematological indices showed that there was no significant (P > 
0 .05) difference in packed cell volume, hemoglobin, red blood cell, 
heterophils, lymphocyte, mean corpuscular volume, mean corpuscular 
hemoglobin, or mean corpuscular hemoglobin concentration across 
the treatments. Birds fed control, 3%, and 6% neem leaf meal showed 
significantly (P < 0.05) higher values for white blood cells than birds 
fed 9% neem leaf meal diet. The result for serum biochemical indices 
showed no significant (P < 0 .05) difference for alkaline phosphatase, 
alanine aminotransferase, triglyceride, and cholesterol. A significant (P 
< 0.05) difference was however observed in aspartate aminotransferase 
for birds fed 0 and 6% neem leaf meal diets. Significant (P < 0 .05) 

difference was also observed in total protein for birds fed 0 and 9% 
neem leaf diets . The hematological and serum biochemical parameters 
obtained from this study suggested that Neem leaf meal can be used 
up to 6% without any detrimental effect on hematological and serum 
biochemical indices of Japanese quail.

Key Words: quail, neem, hematology, biochemistry

195   Gonadal regression elicited in Pekin duck drakes and hens 
associated with supplemental light from kerosene lanterns during 
the winter months. Gregory S . Fraley*, Lindsey Porter, and Erin 
Alenciks, Hope College, Holland, MI.

Many studies have focused on the neural mechanisms associated with 
seasonal reproduction in birds and the light intensity necessary to initi-
ate gonadal recrudescence. However, few studies have examined the 
drop in light intensity that initiates gonadal regression . The Pekin duck 
is an excellent model for the study of seasonal reproduction . To more 
fully understand the relationship between light intensity and gonadal 
regression, we housed adult (45 wk old) drakes and hens in the Hope 
College aviary as 4 drakes: 20 hens in each of 3 floor pens (density = 
0 .24 m2 per duck). Light conditions were as follows: (1) to simulate 
summer, 14 h at 65 lx plus 10 h at 1 lx; (2) to simulate winter, 8 h at 
65 lx plus 16 h at 1 lx; (3) winter augmented, 8 h at 65 lx plus 16 h at 
15 lx. The total number of eggs laid was tallied daily and a daily aver-
age of eggs laid was calculated for each week of the study. Weekly, 
eggs were weighed and the perivitilline membrane was assayed for 
the number of sperm holes as an indirect measure of drake fertility . As 
expected, winter conditions caused a significant (P < 0 .01) reduction 
in the percent of eggs laid and a significant (P < 0 .001) reduction in 
the number of fertilized eggs compared with the summer light condi-
tions. The augmented winter light conditions prevented the loss in the 
percent eggs laid and fertilized eggs. Surprisingly, even after 4 wk of 
the study, winter conditions did not cause a complete loss of fertility 
in the Pekin ducks. At the end of the study, ducks were euthanized and 
brains were analyzed for deep brain photoreceptor (DBP) mRNA using 
qRT-PCR. No differences in the relative expression of DBP mRNAs 
were observed with any light treatment. Although a minimum (1 lx) of 
light is capable of maintaining some fertility, commercial Pekin duck 
barns should increase the augmented light to 15 lx to maintain fertility 
during winter months. Furthermore, these data suggest that drakes may 
be more sensitive to environmental light conditions than hens .

Key Words: melanopsin, vertebrate ancient opsin, GnRH, GnIH, 
thyroid hormone

196   Live indicators of woody breast in male broiler chick-
ens at various ages. Karen D . Christensen1, Shawna L. Weimer1, 
Barbara A . Mallmann1, Xiao Sun1,2, Casey M. Owens1, and Dawn A. 
Koltes*1, 1University of Arkansas, Fayetteville, AR, 2Nanjing Agricul-
tural University, Nanjing, Jiangsu, China.

Woody breast (WB) is an emerging myopathy in modern broiler chickens 
that is characterized by the pectoralis major becoming hard, inflexible, 
and having an off-texture for consumers . Currently, there are not any 
known live indicators of WB. Therefore, the purpose of this study was 
to determine if weight, breast width, or breast circumference in the live 
bird could be a predictor of WB at 7 wk of age. After hatch (d 0), 56 
male broiler chicks were divided across 4 litter pens. Individual body 
weights, breast width, and breast circumference were measured on d 8, 
22, 29, 36, and 43. Breast width was measured using calipers. Breast 
circumference was measured using a cloth measuring tape that was 
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stretch from wing pit to wing pit. Broilers were processed on d 49 and 
scored (0 to 3, normal to severe) for WB by trained personnel . After 
mortalities and processing, 47 broilers were used in the study. Data were 
analyzed using SAS with pen fit as a random effect and WB score fit 
as a fixed effect. Broiler was considered the experimental unit for this 
study. WB scores were 0 (n = 4), 0.5 (n = 11), 1 (n = 16), 1.5 (n = 8), 2 
(n = 5), and 3 (n = 3). Individual body weights were different across WB 
scores at d 22, 29, 36, and 43 (P < 0.05) with broilers with a WB scores 
greater than 0.5 weighing more than those with a score of 0 (P < 0 .1) . 
Breast width was different across WB scores at d22, 29, 36, and 43 (P < 
0.05). Broilers with a WB score of 1 or higher had greater breast width 
(P < 0.08). Breast circumference was different at d 22, 29, 36, and 43 
(P < 0.05) across the different WB scores with broilers having a score 
of 0 having less thick breast muscle compared with all other scores (P 
< 0.08). Pearson correlation coefficients between WB and individual 
body weight on d 22, 29, and 43 (r > 0.31; P < 0.03), breast width on 
d 21, 29, 36, and 43(r > 0 .31; P < 0 .03), and breast circumference on d 
21, 29, 36, and 43 (r > 0 .31; P < 0.04) were significant. In conclusion, 
differences in body weight, breast width, and breast circumference were 
identified between WB scores as early as 22 d of age, suggesting we 
can identify broilers with severe WB on live broilers.

Key Words: breast width, breast circumference, body weight, woody 
breast

197   Influence of thermomanipulation from 13 to 15 days of 
hatch on egg weight loss, hatchability and chick weight at hatch 
of commercial broiler breeders eggs. Ahmed M . Elkaiaty1, Alaa K . 
AlamEldin2, Ayat R . Elzieny2, and Hosam M . Safaa*1, 1Animal Pro-
duction Department, Faculty of Agriculture, Cairo University, Giza, 
Egypt, 2Animal Production Research Institute, Agriculture Research 
Center, Ministry of Agriculture, Giza, Egypt.

A total of 1,200 Cobb-500 broiler breeder hatching eggs were used to 
assess the effects of thermomanipulation on egg weight loss, hatch-
ability, and chick weight at hatch. Eggs were divided randomly into 4 
equal treatments (control and 3 groups exposed to 1°C more for 2, 4, 
or 6 h daily during the period 13 to 15 d of hatch, respectively) . Ninety 
eggs were selected randomly from each treatment and weighed at 0, 
13, 14, and 15 d of hatch. Also, chicks were weighed at hatch. Results 
indicated that egg weight loss at 15 d of hatch was not affected by 
thermomanipulation (5 .97, 5 .70, 5 .65, and 5 .71 g for control and the 3 
treated groups, respectively). Moreover, hatchability and chick weight 
at hatch did not respond significantly to these treatments. It could be 

concluded from this study that hatched eggs exposed daily to 1°C more 
for 2, 4, or 6 h during the period 13 to 15 d of hatch did not affect egg 
weight loss, hatchability or chick weight at hatch.

Key Words: broiler breeder egg, thermomanipulation, egg weight 
loss, hatchability

198   The chicken alimentary tract demarcation of the jejunum 
and ileum junction. Richard Buhr* and Dianna Bourassa, USDA-
ARS US National Poultry Research Center, Athens, GA.

The chicken alimentary tract differs in several ways from other domestic 
food production animals . Chickens are considered monogastric omni-
vores although the stomach consists of 2 adjacent segments; the chemical 
proventriculus followed by the mechanical ventriculus (gizzard). The 
names used for the segments of the chicken small and large intestines are 
not consistently used in the literature or reference books and the rationale 
for the boundary landmarks used to separate adjacent segments varies or 
are not provided at all. The avian small intestine consists of 3 sequential 
segments; duodenum, jejunum, and ileum. The demarcation between the 
duodenum and jejunum is the aborad flexure of the distal duodenum after 
the entrance of the bile and pancreatic ducts. The demarcation between 
the jejunum and ileum is frequently designated at Meckel’s diverticulum 
(yolk stalk) without consideration of morphology or digestive/absorptive 
function . Anatomically the jejunum-ileum junction can be demarcated 
3 ways: (1) the margin of the cecal-ileal mesenteric ligaments that con-
nect each cecum to the ileum, (2) the termination of cranial mesenteric 
artery, jejunalis artery, and the associated transition from long to short 
rete arterioles, (3) the small intestine corresponding to the termination 
of the ceca . The large intestine consists of the paired cecum and a short 
colon, and the absence of a rectum (that portion of the colon within the 
pelvic canal) due to non-fusion of the pubic bones and the termination 
of the tract into the cloaca in the chicken . The chicken’s alimentary 
tract is short in length and the ingested feed also has a short passage 
time compared with other domestic animals. The frequent occurrence 
of antiperistaltic contractions (ingesta reflux) moves the ingesta back-
and-forth among several alimentary tract segments (duodenum to crop, 
gizzard to mouth, and cloaca to ceca) providing repeated opportunity 
for further digestion and adsorption of nutrients . Providing the demar-
cations used in research to locate intestinal segments in presentations 
and publications will minimize conflicting assignment of functions to 
regions within and between intestinal segments.

Key Words: chicken, alimentary tract, jejunum, ileum, colon



Poult. Sci. 95(E-Suppl. 1)68

Extension and Instruction

199   The development of innovative laboratory exercises that 
recruit students to Poultry Science. Drew Benson* and Mark 
Compton, University of Georgia, Athens, GA.

Recruiting students into poultry science programs is an on-going 
endeavor by several departments, yet the number of poultry science 
majors in many departments continues to decrease despite the concerted 
efforts of faculty . Many recruiting efforts attempt to recruit students 
before college, but at many schools, it is becoming increasingly difficult 
to obtain admission as freshman . Excellence and innovation in the teach-
ing program is an important recruiting tool that allows the University 
of Georgia’s Department of Poultry Science to recruit students already 
enrolled on campus . A pivotal course for recruiting students from other 
majors is POUL (BIOL) 4200, Avian Anatomy and Physiology (A&P) . 
A series of innovative laboratory exercises has been used to cover avian 
A&P as well as engage and recruit students from majors outside of 
Poultry Science . The laboratory exercises include different protocols 
that use the BIOPAC system to measure physiological responses on 
anesthetized chickens. This course is unique because it allows under-
graduates the opportunity to use surgical procedures with anesthetized 
animals and this has helped in recruiting students into the department . 
Highlighted exercises include monitoring the effects of epinephrine 
and acetylcholine infusion through a catheter on heart rate and blood 
pressure as well as a simple electromyography experiment optimized 
for White Leghorns. A survey was designed and distributed to current 
and former POUL 4200 students to assess the effect of the laboratories 
on the following: effectiveness of labs as a learning tool, effectiveness 
in recruiting students to enroll in more poultry courses, and any change 
in the perception of poultry science as a possible major. Over 80% of 
non-poultry science majors had an interest to enroll in more poultry sci-
ence courses following completion of POUL 4200, and the laboratory 
exercises were cited as the main reason for this interest. Additionally, 
9 of the 16 fall and spring 2015 graduates with a BSA in avian biology 
changed their major as a result of initially enrolling in POUL 4200 .

Key Words: recruitment, education, laboratory, teaching

200   Specification grading in a distance-education nutrition 
course reduces students’ stress and improves grade distributions. 
Kimberly A . Livingston* and Sara Brierton, North Carolina State 
University, Raleigh, NC.

Traditional grading (TG) systems implemented today in most college 
courses has led to an increase in students challenging their grade on many 
assignments and exams . This has resulted in a focus on the letter grade 
obtained in the course instead of on gaining greater knowledge in the 
course subject. This phenomenon is often magnified for students taking 
courses via distance education (DE). Specification grading (SG) is a new 
method of assessing students’ knowledge and understanding of course 
material by evaluating student assignments on a one-level grading rubric 
or pass/fail schematic. It is believed to reduce antagonism between the 
instructor and student, increase the students’ motivation to do well, and 
reduce their stress. This new grading system was implemented in fall 
2015 in a DE comparative animal nutrition course . Students took up to 
8 quizzes, 5 exams, answered up to 5 essay questions, commented on 
4 research articles, and conducted 4 nutrition experiments . At the end 
of the semester, students were asked to complete an optional survey 
addressing their confusion of the grading scheme and their ability to 

focus on course content rather their grade . Out of the 178 students 
that took the course, 49 answered the survey. Grade distributions were 
compared with the previous semester. Proc frequencies were performed 
for all survey results, and an ANOVA was used to evaluate grade dis-
tributions in SAS. Overall, respondents generally approved of SG with 
77% approving or strongly approving. Although 50% of the students 
said the grading scheme was difficult to understand, 80% of those said 
it became clearer as the semester progressed. Moreover, 75% of the 
students agreed or strongly agreed that SG reduced their stress related to 
the course and allowed them to focus on the course content as opposed 
to the worrying about their grade. Finally, more students were able to 
achieve a letter grade of “A” using SG than in TG schemes (P < 0 .05) . 
In conclusion, SG allows students to focus on course material, reduces 
their stress, and increases the number of student able to achieve an “A” 
in a DE comparative animal nutrition course .

Key Words: specification grading, student stress, distance education

201   Improving engagement at extension events. Valerie L . 
Carney*, Brenda L . Schneider, and Jessica K . Josephson, Alberta 
Agriculture and Forestry, Edmonton, AB, Canada.

A variety of extension approaches are required to increase the likeli-
hood of adoption of new management techniques. E. M. Rogers (2003) 
proposed 5 steps in the adoption process: awareness, interest, evaluation, 
trial, and adoption. Each step in the process requires extension agents 
to use different methods to support the adoption of innovation . Often 
the most efficient method for supporting the diffusion of innovation is 
through producer meetings. Lecture formats are useful to build aware-
ness of new technologies or management strategies; however, attendee 
engagement may be augmented by utilizing methods that support several 
learning styles . To enhance the engagement of attendees at 2 large-scale 
extension events (350 attendees each), audience response devices were 
used to engage the audience via polling throughout each presentation . 
Invited speakers may not be familiar with the knowledge level of the 
local area and could benefit from an accurate audience assessment. 
Opportunities for questions are often limited to the end of a presentation 
and may exclude those unwilling to ask a question before an audience. 
Each table was provided an audience engagement device with QWERTY 
keyboards that enabled attendees to submit real-time questions. Ques-
tions were vetted by event chairpersons and used to query the speaker 
at the conclusion of each presentation .
A short training session (<5 min) at the beginning of each event 
taught the audience and the speakers how the response devices 
worked. Response devices were also used for door prize draws. A 
maximum of 77% of attendees participated in polls. Speakers adapted 
their presentations on the fly based on poll responses, leading to 
enhanced learning opportunities because they could focus on the spe-
cific knowledge gaps of that particular audience. Questions submitted 
by the QWERTY devices varied from as few as 4 per presentation up 
to 36. This is higher than a standard event format, where questions 
are often limited to 1 to 3 due to time constraints or audience comfort 
level in asking a question in front of a large group. If all questions 
from the QWERTY devices could not be answered, unaddressed 
questions were used to prepare post-event technical resources.

Key Words: audience engagement, audience polling, learning styles
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202   Light emitting diode (LED) lamp and dimmer selection 
tool for broiler growers. Eric R . Benson*, Daniel P . Hougentogler, 
Sarah M. Morrissey, William R. Brown, and Robert L. Alphin, Uni-
versity of Delaware, Newark, DE.

This project evaluated the interaction between alternative lighting tech-
nology and commercial poultry dimmers on lamp performance. A web 
based selection tool was developed to allow broiler growers to compare 
the performance of different lamps when paired with different dimmers. 
One incandescent, one cold cathode fluorescent (CCFL) and 15 different 
light emitting diode (LED) lamps were tested in combination with 8 dif-
ferent dimmers, several with multiple settings (profiles or curves), to help 
growers choose the most appropriate lamp and dimmer combinations for 
their broiler house. A spectrometer with an integrated sphere was used 
to individually evaluate each lamp, dimmer, and dimmer setting com-
bination. This testing system recorded input and output voltage, power 
consumption, luminous flux and spectral power distribution of the lamps 

tested . Multiple lamp characteristics measurements including linearity, 
re-fire, luminous efficiency at several points, and light efficiency were 
used to calculate a weighted score for each lamp-dimmer combination 
tested. Each lamp-profile combination received a score of 1–100. Scores 
ranged from 6 to 97. No one lamp worked effectively with all dimmers 
and no one dimmer worked effectively with all lamps. There were 
statistically significant differences in scores based on technology (P < 
0.0001), with LED (μ = 66.9) being higher than CCFL (μ = 49.1) and 
incandescent (μ = 39.2). Dimmers were found to affect lamp luminous 
output and efficiencies. Within the 8 dimmers tested, dimmer B, D, 
and E had higher scores than the other dimmers tested . Within the 22 
profiles tested, there was separation between profiles with profile D1 
having the highest performance. Additional lamps and dimmers will be 
tested as they become available. The website address is http://agdev.anr.
udel.edu/dimmer/intro.php.

Key Words: lighting, LED, dimmer, efficiency, tool
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203   The influence of hot exposure conditions during simulated 
transport on 12-week-old turkey hen physiology and meat qual-
ity. Catherine J. Vermette*, Zoe A. Henrikson, Karen Schwean-Lard-
ner, and Trever G. Crowe, University of Saskatchewan, Saskatoon, 
SK, Canada.

The influence of hot exposure conditions in comparison to neutral condi-
tions on 12-wk old turkeys during simulated transport was evaluated. 
Sixty-four hens (8 birds per treatment, trt) were randomly assigned in a 
completely randomized design. A 2 × 2 factorial design, with temperature 
(35 or 20°C) and relative humidity (RH, 30 or 80%) as the main fac-
tors, was used. Birds were placed in crates, mimicking transport space 
allowance, at a stocking density of approximately 83kg/m2. Birds within 
crates were placed inside a pre-conditioned environmental chamber for 
8 h . Live shrink, core body temperature (CBT) during exposure, blood 
glucose levels before and after exposure, heterophil:lymphocyte (H:L) 
ratio, and breast and thigh pH and color were recorded. Data were 
analyzed using SAS 9.3 with significance at P ≤ 0.05. Live shrink after 
exposure to the 35°C trt was greater (P < 0.0001) than when birds were 
exposed to the 20°C trt (4.92 vs. 1.48%, respectively). The change in 
CBT (CBTD) was calculated as the mean of the last hour of exposure 
minus the baseline level. Birds exposed to the 35°C trt had a higher 
CBTD (P < 0.0001) at 2.18°C compared with 0.13°C for birds that 
were exposed to the 20°C trt. Blood glucose levels increased by 0.21 
mmol/L after exposure to the high temperature and decreased by 1.97 
mmol/L at the low temperature. The H:L ratio was higher (P < 0 .0001) 
for birds exposed to the 35°C trt at 4.07 compared with 1.57 for the 
20°C trt. The pH values of breast (P = 0 .0110) and thigh meat (P < 
0.0001), measured 27 h postmortem, were lower for the 35°C trt at 5.64 
and 5.73 compared with the 20°C trt, 5.70 and 5.92, respectively. Color 
lightness (L*), also taken 27 h postmortem, showed no differences with 
the thigh meat. However, L* values of breast meat from birds exposed 
to 35°C were lower than birds exposed to 20°C (P < 0 .0001) at 48 .92 
vs . 51 .18 . Exposure to hot temperatures affected turkey hen physiology 
with higher CBT, greater live shrink, higher blood glucose levels and 
greater H/L ratio. Meat quality was also affected with changes in breast 
and thigh pH and breast color .

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

204   Efficacy of different anti-stressors on carcass character-
istic of broilers reared during hot and humid season. Tahreem 
Asad1, Shahid Mehmood1, Athar Mahmud*1, Khalid Javed2, Faisal 
Hussnain1, and Jibran Hussain1, 1Department of Poultry Production, 
University of Veterinary and Animal Sciences, Lahore, Pakistan, 
2Department of Livestock Production, Lahore, Pakistan.

Use of different anti-stressors is a common practice in today’s poultry 
industry to lower the negative effects of stress. Present study was 
planned to compare the efficacy of different anti stressors on carcass 
characteristics in broilers kept during hot and humid season . For this 
purpose, 200 birds were procured from a commercial hatchery and 
randomly divided according to completely randomized design in 5 
treatment groups: control, betaine at 2 g/kg, chia (Salvia hispanica) at 
5 g/kg, potassium chloride at 2 g/kg, and vitamin C at 2 g/kg, with 4 
replicates of 10 birds each. At the age of 6 wk, 3 birds per replicated 
were slaughtered randomly to calculate carcass characteristics [dressing 
(%), breast (%), thigh (%), keel length (cm), shank length (cm), breast 

width (cm), abdominal fat (%), intestine (%), liver (%), gizzard (%), 
and heart (%)]. The data obtained were analyzed using ANOVA, and 
significant means were compared using Duncan’s multiple range test 
using SAS software, version 9.1. Results showed the highest dressing 
percentage in birds supplemented with vitamin C, breast width (cm) 
in birds supplemented with betaine, whereas birds in control group 
had highest intestine (%) and shank length (cm) and lowest thigh (%). 
Nonsignificant differences were found for breast (%), keel length (cm), 
liver (%), gizzard (%), heart (%), and abdominal fat (%). Hence, we 
concluded that use of anti-stressor improved carcass characteristics .

Key Words: carcass, anti-stressor, chia, betaine, dressing

205   Giant miscanthus grass as an alternative bedding for 
poultry houses. Claudia S . Dunkley* and Casey W . Ritz, University 
of Georgia, Athens, GA.

Giant miscanthus grass (GMG) was evaluated as a poultry bedding mate-
rial over 6 flocks on an 8-house broiler farm. Chopped giant miscanthus 
grass was placed in 4 houses while pine shavings (PS), which is the 
typical bedding for most broiler production, were placed in the second 
set of 4 houses . The study compared the effects of the GMG on produc-
tion variables to that of the pine shavings . Ammonia concentration, litter 
moisture content and paw scores for each flock were also compared. The 
results from the study showed that there were no significant differences 
(P < 0.05) between the treatments in ammonia concentration, with the 
GMG mean of 20.06 ppm compared with PS with a mean of 19.73 
ppm over the course of the 6 flocks. Paw scores were taken the week 
of processing in flocks 3 and 4. No significant differences (P < 0 .05) 
were observed in paw scores between the two treatments. There were 
no significant differences (P < 0.05) in litter moisture between GMG 
(19.45% moisture) and PS (21.20% moisture), however, there was a flock 
effect where flock 4 had significantly higher (P < 0 .05) litter moisture 
when compared to the other flocks. The results indicate that GMG can 
be a valid alternative to pine shavings as a bedding material for broilers .

Key Words: poultry bedding, litter, alternative bedding, broiler

206   Assessment of three litter amendments with multiple 
application on ammonia emission, growth, and health of broilers. 
Alyson Weiss, Hong Li*, and Daniel Bautista, University of Dela-
ware, Newark, DE.

Several different products are available for commercial use to control 
ammonia in broiler operations, including PLT (sodium bisulfate), Klasp 
(ferric sulfate) and Al+ Clear (aluminum sulfate) . Previous studies have 
shown PLT was applied during grow-out and effective at reducing 
ammonia and to allow for the production of healthier birds. A small-
scale study was performed to compare the effectiveness of Klasp and 
Al+ Clear with PLT on reducing ammonia during grow-out while not 
adversely affecting the health of the flock. Thirty female Ross 708 broil-
ers were raised in 6 isolated emission chambers (5 birds per chamber) 
on new wood shaving beddings with standard commercial feed for a 
7-week grow-out period. Starting on d 21, Al+ Clear, Klasp, and PLT 
were applied to 6 chambers weekly at 2 different rates (high: 976 g/m2 
and low: 244 g/m2) until the end of the flock. These amendments were 
also added to the corresponding feeders following each application at 
2 rates (1.4 g/bird for high and 0.35 g/bird for low) to mimic spillage 
of amendments into feeders under commercial production conditions . 
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Ammonia emissions were monitored continuously and bird growth 
performances were measured weekly. Three flocks of birds were raised. 
At the end of each flock all living birds were humanely euthanized and 
necropsied. Health and welfare parameters were measured and included 
ocular keratoconjunctivitis, chemical burns, breast blisters, aseptic 
footpad dermatitis, dehydration, lung congestion, and gastrointestinal 
lesion. All necropsy results were recorded during the examination. 
Lung, kidney, trachea, duodenum, and intestine samples from at least 3 
birds of each chamber were collected for histopathology analysis. The 
results showed no adverse effects were seen on bird performance (P = 
0 .24) and health (P = 0 .7) in regards to the amendment applied to the 
litter weekly from 3-wk of age. PLT and Al+ Clear were the most and 
least effective (P < 0 .01), respectively at controlling ammonia . There 
was no difference between the 2 different application rates on ammonia 
control (P = 0 .15) .

Key Words: litter, amendment, feed, ammonia, broiler

207   Laying hen performance and well-being over two flock 
cycles on different litter substrates in an aviary housing. Darrin 
M . Karcher*1 and Deana R . Jones2, 1Michigan State University, East 
Lansing, MI, 2US National Poultry Research Center, Egg Safety and 
Quality Research Unit, USDA Agricultural Research Service, Athens, 
GA.

The momentum to move toward aviary housing has continued to increase 
in the past 8 mo. The pressure to find consistent bedding sources for 
meat birds may affect litter substrate for the laying hen industry as the 
number of cage-free hens increases in the next 9 yr . Molting laying 
hens has decreased in the commercial industry in the past decade but 
the economics of production may drive a resurgence of molting in cage-
free laying hens. Therefore, the objective was to evaluate different litter 
substrates on hen performance and well-being over 2 production cycles. 
Bovan White pullets were placed into a commercial aviary system at 17 
wk of age. Four rooms of the aviary were used with each aviary divided 
into 4 sections . Within each room, the sections had a different forage 
substrate: concrete, Astroturf, wood shavings, or straw. At 67 wk of age, 
2 of the 4 rooms were molted with all rooms terminated at 115 weeks 
of age. Data collected daily were hen-day (HD) and hen housed (HH) 
eggs. Body weights (BW) and welfare quality (WQ) parameters were 
collected monthly. Data were analyzed using the GLIMMIX statement 
in SAS with 4 replicates per substrate treatment. HD was not differ-
ent between molted and non-molted hens (P > 0.05) or between litter 
substrates (P > 0.05). HH were different by 27 eggs between molt and 
non-molt (P < 0.01), whereas hens that had access to concrete about 50 
eggs less than the other litter substrates (P < 0 .01) . No differences in 
BW were observed during the 2 production cycles for litter substrates 
or molt (P > 0.05). The Welfare Quality guide for poultry was used 
to assess various hen welfare parameters. Regardless of molt or litter 

substrate, 78% of laying hens had some issue with the keel bone. The 
feather cover assessed on 7 different areas were not affected by litter 
substrate or molt for the entire period . Overall, the presence of a litter 
substrate and molting hens has an effect on egg production . Depending 
on the parameter assessed for WQ, litter substrate and molting has the 
potential to have an effect on laying hen welfare.

Key Words: aviary, laying hen, welfare, molt, litter

208    Evaluation of nonanorexic molt in enrichable cages and 
enriched colony cage systems. Ramon D . Malheiros*, Rafael Crivel-
lari, Peter R . Ferket, and Kenneth E . Anderson, Prestage Department 
of Poultry Science, NC State University, Raleigh, NC.

Many changes are being made in the egg production sector to adequately 
adapt to the animal welfare demands placed on the egg industry. Cage 
design has been a major concern for egg producers who have adopted 
the enriched cage systems designed for large hen populations with 
increased floor area, including perches, nests and scratch areas. A second 
issue related to animal welfare is the practice of molting older birds to 
rejuvenate their reproductive system, and increase the revenue for the 
producer without flock replacement. Therefore, a trial was conducted 
at the NCLP&MT with a total of 612 Bovans White hens, housed at 69 
in2/hen equally divided between enriched (ECS), and enrichable (EC) 
cages. Then at 69–72 wk, half of the ECS and EC groups received the 
non-anorexic molt diet (NA) and the other half were not molted (NM), 
resulting in 4 experimental treatments. Data were summarized by period 
(4 wk) from 73 to 109 wk of age. Diets were provided ad libitum and the 
layer diets were changed based on the feed consumption and productivity 
of the hens during the previous period . During each period, production 
parameters were measured daily, and egg quality were evaluated the 
3rd wk of each period using USDA grading standards. In comparison 
to the NM group, NA improved feed intake, feed conversion (FC; g 
egg/g feed), eggs/hen (207 eggs in NA vs. 182 in NM), hen-day%, and 
increased egg mass (P < 0 .05) . The EC hens had better FC than ECS 
hens (0.39 vs. 0.34 g egg/g feed). There were no differences in egg size 
distribution between the treatment groups. The NA hens had 4.67% 
lower mortality than the NM hens (P = 0.0098). No interaction was 
observed between EC/ECS and NA/NM (P = 0.4784). However, EC 
group had 3.47% more grade A eggs than ECS (P = 0 .0021), and the 
NA hens produced 2.51% more grade A eggs than NM (P = 0 .0251) . 
The NA hens yielded US$2 .74 more revenue than NM hens during their 
second cycle with no differences in feed costs between the ECS and EC, 
or NA and NM groups . In conclusion, hens in the ECS and EC cages 
had better egg production and economic return using a non-anorexic 
molt than non-molted hens .

Key Words: molt, nonanorexic, laying hen, enriched cage system, 
egg grade
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209   Effect of diets with or without BacPack (Bacillus subtilis 
C-3102 plus yeast cell wall) on hatchery parameters in three com-
mercial broiler breeder field trials at the same company. Ronald 
Nietfeld*1, Danny M . Hooge2, and John Schleifer1, 1Quality Technol-
ogy International, Inc., Elgin, IL, 2Hooge Consulting Service, Eagle 
Mountain, UT.

BacPack ABF (BP ABF; a proprietary blend of Calsporin and IMW50 
yeast cell wall preparation), was evaluated in broiler breeder feeds 
to determine effects on hatchery parameters in 3 commercial field 
trials. In each trial, flocks on nearby farms were given control (CON; 
unsupplemented) or BP ABF supplemented diets to Cobb 500 × Cobb 
MX breeders. Trials were started in March, April, and May 2015, 
respectively. Trial 1: from 25 wk; 1 CON vs. 1 BP ABF farm; 31–65 
wk data; Trial 2: from 21 wk; 1 CON vs. 2 BP ABF farms; 32–62 wk 
data; Trial 3: from 21 wk; 1 CON vs. 1 BP ABF farm; 31–63 wk data. 
Paired t-test (P ≤ 0.05) was used for weekly hatch of total eggs % data 
and 3-trial meta-analysis . A 2-sample (unpaired) t-test (P ≤ 0.05) was 
used for randomly collected hatchery data. Weekly hatch of total eggs % 
means significantly increased in Trials 1 and 3 for the BP ABF dietary 
treatment and approached significant difference (P = 0 .090; BP ABF 
2.36% higher; 86.40 vs. 84.04%) for combined trials. Hatchery results 
collected randomly showed significant increases in hatch of total eggs % 
in Trials 2 and 3 and combined trials (3.97% higher; 88.01 vs. 84.04%) 
for BP ABF diets. Fertility % and hatch of fertile eggs % significantly 
increased in Trials 2 and 3, and approached significance in Trial 1 (P = 
0 .069 and P = 0.087, respectively), with BP ABF diets compared with 
CON diets. Infertile eggs % significantly decreased in Trials 2 and 3, 
and approached significance (P = 0 .069) in Trial 1, for BP ABF diets 
compared with CON diets. Cull eggs % significantly decreased in each 
trial for flocks fed BP ABF diets. Variable results were obtained by 
treatment with early, middle, late, and pipped dead %, transfer cracks 
%, and contaminated eggs %. Early cracks % were significantly lower 
for combined trials at 0.156% for CON diets compared with 0.278% 
for BP ABF diets . Broiler breeders fed BP ABF diets had improved 
hatchery parameters, especially hatchability of total eggs set (3.97% 
actual or 4.72% relative increase), compared with those fed CON diets.

Key Words: Bacillus subtilis C-3102, broiler breeder, fertility, hatch-
ability, yeast cell wall

210   Efficacy of a bacillary probiotic supplementation (Bacillus 
subtilis DSM 17299) in broilers: Combined analysis of four-
teen different studies. Alfred Blanch*1, Mickaël Rouault1, Oscar 
Casabuena2, Carlos Millán2, and Marta I . Gracia2, 1Chr. Hansen 
A/S, Hørsholm, Denmark, 2Imasde Agroalimentaria S.L., Pozuelo de 
Alarcón, Spain.

The efficacy of the probiotic feed additive, Gallipro (G; Bacillus sub-
tilis DSM 17299), included in broiler diets at 8 × 105 viable spores/g 
was evaluated using statistical meta-analysis of data from 14 different 
studies conducted using healthy broilers from day-old to market weight 
at 42 d of age . Trials involved 14,828 male broiler chicks distributed 
in 532 replicates. The experimental design was applied in the starter, 
grower and finisher phases, from day-old to slaughter at 42 d of age. 
Diets were based in corn/soybean meal or wheat/corn/soybean meal. 
The total weight gain, feed to gain ratio and mortality at 42 d data from 

each experiment were tested for homogeneity between trials before being 
pooled and analyzed in combination to determine whether benefits were 
consistent independent of trial site and conditions. Data were analyzed 
by linear mixed model procedure with G supplementation and type 
of basal diet as fix effects and trial as random effect. Over the entire 
experimental period (d 1 to d 42 of age), probiotic supplementation 
significantly improved (P < 0.0001) total weight gain (2.3%) and feed 
to gain ratio (2.3%). Mortality was considered normal (mean 3.15%) 
and was not affected by G supplementation. No G by type of basal diet 
interactions were observed for total weight gain, feed to gain ratio or 
mortality, which indicated that G improved performance of broilers 
independent of the type of basal diet . The results demonstrated that 
Gallipro in broiler diets, supplemented at the dose of 8 × 105 viable 
spores/g, can be beneficial in terms of broiler performance.

Key Words: Bacillus subtilis, probiotic, broilers, performance

211   Bacillus subtilis probiotic improved performance of corn-
fed broilers with or without ionophore coccidiostats. Vincent 
Jacquier1, Lamya Rhayat*1, Pierre-André Geraert2, and Estelle Devil-
lard1, 1Adisseo France SAS, Commentry, France, 2Adisseo France 
SAS, Antony, France.

Specific direct-fed microbials have been shown to increase animal per-
formance, most probably by improving gut health . As bacteria, they can 
show sensitivity to antimicrobial compounds and their use could be non-
compatible with the use of ionophore coccidiostats such as monensin 
and salinomycin. The objective of the present study was to investigate 
the effect of Bacillus subtilis DSM 29784 on the performance of broilers 
fed a corn-based diet supplemented or not with coccidiostat. A total of 
960 d-old male broiler chickens, Ross PM3, were randomly allocated 
according to a factorial design with 4 treatments (16 replicates of 15 
birds per treatment) and reared until 35 d in floor pens. The experimental 
treatments were T1 = negative control (basal diet); T2 = T1 + Bacillus 
strain DSM 29784 at 1 .108 cfu/kg of feed; T3 = T1 + Bacillus strain DSM 
29784 + monensin (1 .108 cfu/kg of feed and 100 ppm, respectively); 
T4 = T1 + Bacillus strain DSM 29784 + salinomycin (1 .108 cfu/kg of 
feed and 60 ppm, respectively). Feed intake (FI) and body weight gain 
(BWG) were measured at 21 and 35 d and adjusted feed conversion ratio 
(FCR) calculated. Ileal and cecal contents were collected at 35days to 
study microflora composition. At 35 d, Bacillus subtilis DSM 29784 
treated group showed a higher BWG (+5.2%; P < 0.05) and a lower 
adjusted FRC (−4.8%; P < 0 .05) than the control group . The addition 
of coccidiostats did not decrease the effect of Bacillus subtilis DSM 
29784, no significant differences were found between T2, T3, and T4 
in term of improvement of performance, when compared with the con-
trol group. Preliminary results on microbiota composition showed that 
Bacillus subtilis DSM 29784 increased beneficial bacterial population 
in the broiler digesta, specifically the butyrate-producing populations. 
These results suggest that Bacillus subtilis strain DSM 29784 improves 
broiler performance by modulating intestinal microbiota. There were no 
antagonistic effect when ionophores were added to the diet. In conclu-
sion, Bacillus subtilis strain DSM 29784 can be added to medicated 
diets to improve broiler chicken performance .

Key Words: direct-fed microbial, Bacillus subtilis, broiler, ionophore 
coccidiostat
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212   Bacillus subtilis 29784 contributes to control the effect 
of Clostridium perfringens on broiler performance. Lamya 
Rhayat*1, Greg F . Mathis2, Charles L . Hofacre3, Vincent Jacquier1, 
Pierre-André Geraert1, and Estelle Devillard1, 1Adisseo France SAS, 
Commentry, France, 2Southern Poultry Research Inc., Athens, GA, 
3University of Georgia, PDRC, Athens, GA.

Clostridium perfringens contributes to necrotic enteritis (NE) syndrome 
which causes important economic losses in the broiler industry. Bacil-
lus subtilis 29784 has been previously shown to inhibit several strains 
of C. perfingens in different types of in vitro tests . The study aimed 
to examine the effect of supplementing diet with B. subtilis 29784 on 
growth parameters. A battery trial from 0 to 28d of age used Cobb male 
broiler chicks challenged with 0 or 5,000 oocysts of Eimeria maxima 
on d14 and with 0 or 1×108 cfu of C. perfringens per bird once daily 
on d19, 20, and 21. There were 8 cages of 8 birds each per treatment 
fed with an unmedicated US standard broiler starter diet. Six treatments 
were: (1) Non-infected chicks, unmedicated diets; (2) infected chicks, 
unmedicated diets; (3) infected chicks, bacitracin methylene disalicylate 
(BMD, 55 ppm); (4) infected chicks, B. subtilis 29784 (5.107 cfu/kg), (5) 
infected chicks, B. subtilis 29784 (1.108 cfu/kg); and (6) infected chicks, 
B. subtilis 29784 (5.108 cfu/kg). Body weight gain (BWG) and feed 
intake were measured on d28 in order to calculate the feed conversion 
ratio (FCR) . The challenge strongly decreased the performance of the 
animals up to -24.5% on BWG and +32.8% on FCR. B. subtilis 29784 
restored the BWG of challenged animals by +19.8% to 29.8% and their 
FCR by -15.5% to -17%. The level of improvement obtained with B. 
subtilis 29784 was the same for all three doses tested.

Key Words: direct-fed microbial, Bacillus subtilis, Clostridium 
perfringens, broiler, performance

213   Bacillus subtilis improves performance of broilers fed 
medicated or nonmedicated feed. Lamya Rhayat*, Vincent Jac-
quier, Pierre-André Geraert, and Estelle Devillard, Adisseo France 
SAS, Commentry, France.

Bacillus-based direct-fed microbials are of particular interest to improve 
gut health and performance, due to their ability to modify gut micro-
biota, and to remain viable after pelleting . The objective of the present 
experiment was to investigate the effect of Bacillus subtilis DSM 29784 
on the performance of broilers compared with or in combination with 
bacitracin methylene disalicylate (BMD) . A total of 2400 d-old male 
broiler chickens, Cobb 500, were randomly allocated according to a 
factorial design with 4 treatments (12 replicates of 50 birds) and reared 
until 35 d in floor pens. The experimental treatments were T1 = negative 
control (basal diet, corn-based); T2 = T1 + BMD at 55 ppm; T3 = T1 + 
Bacillus strain DSM 29784 at 5 .108 cfu/kg of feed; T4 = T1 + Bacillus 
strain DSM 29784 + BMD (5 .108 cfu/kg of feed and 55 ppm, respec-
tively). Feed intake (FI) and body weight gain (BWG) were measured 

at 21 and 35 d and feed conversion ratio (FCR) calculated . At 21 d, the 
3 treatments (groups T2, T3 and T4) significantly improved BWG and 
FCR (P < 0.05). There was also a numerical improvement when T4 
was compared with T2 and T3. At d 35, all treatments increased BWG, 
significantly (P < 0.05) for T3 and T4 with an improvement of 7.7 and 
6.8%, respectively. T2 and T3 improved significantly (P < 0 .001) the 
FCR by 3.3 and 3.7%, respectively. For T4, there was also a significant 
(P < 0.001) FCR improvement of 4.1%, with a numerical (P > 0 .05) 
increase compared with T2 and T3. These results showed that Bacillus 
subtilis strain DSM 29784 improves broiler performance, and the level 
of improvement is similar to that obtained with BMD. There were no 
antagonistic interaction between the 2 products and a trend for per-
formance increase was obtained with the combination. In conclusion, 
Bacillus subtilis strain DSM 29784 can be added to non-medicated as 
well as medicated diets to improve broiler chicken performance.

Key Words: direct-fed microbial, Bacillus subtilis, broiler, antibiotic 
growth promoter, performance

214   Effect of feeding Mexican sunflower leaf Tithonia diversi-
folia Hemsl A. Gray on carcass quality of Guinea fowl. Anthony 
H . Ekeocha*, Federal University Oye-Ekiti, Oye, Ekiti, Nigeria.

A study was conducted for 12 wk to investigate the effect of feeding 
Mexican sunflower leaf, Tithonia diversifolia, on carcass characteris-
tics of Guinea fowl. Ninety-day-old keets were used. The keets were 
randomly assigned to 5 treatments (A, B, C, D, and E) . Treatment A 
served as control whereas birds in treatments B, C, D, and E received 
Mexican sunflower leaf (MSL) at 1.5, 3.0, 4.5, and 6.0% respectively 
as graded replacement (wt/wt) for wheat bran. Feeds and water were 
provided ad libitum and the routine vaccination/medication followed 
the standard procedures. Data were analyzed using descriptive statistics 
and ANOVA. The results shows a significant (P < 0 .05) decrease in all 
the parameters measured for carcass characteristics except for the neck 
weight (167.21 g) where birds on treatment B (1.5% MSL) obtained the 
highest neck weight and the spleen with highest weight (5.32 g) obtained 
in treatment C (3.0% MSL). The liver weights significantly increased 
(P < 0.05) across the dietary treatments while other organs observed did 
not differ significantly (P > 0.05) in weight across the treatments. The 
carcass quality shows no significant (P > 0.05) difference in head weight, 
drumstick weight and breast weight. However, live performance was 
affected, with birds on control diet (treatment A) significantly (P < 0 .05) 
having higher weight (2,610.30 g) than birds in the other treatments. 
Inclusion of MSL at 1.5, 3.0, 4.5, and 6.0% has almost no effect on the 
carcass characteristics but the study suggests that MSL meal could be 
safely incorporated into guinea fowl rations at up to a 6.0% inclusion 
level without adverse effects. However, from the data presented here, 
an inclusion level of 3.0% appears to be adequate.

Key Words: Mexican Sunflower leaf, carcass, quality, Guinea fowl
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216   Evaluation of nutritional rehabilitation and gut inflam-
mation model in broiler chickens. Mikayla F . A . Baxter*1, Stephen 
Bickler2, Ruben Merino-Guzman3, Sami Dridi1, Juan D . Latorre1, 
Amanda D . Wolfenden1, Billy M . Hargis1, and Guillermo Tellez1, 
1University of Arkansas, Fayetteville, AR, 2University of California, 
San Diego, San Diego, CA, 3Universidad Nacional Autónoma de 
México, Ciudad De México, México.

Dietary inclusion of cereals rich in non-starch polysaccharides (NSP) 
such as rye have been reported to decrease nutrient digestibility, increase 
digesta viscosity, increase gut permeability and decrease growth perfor-
mance in broilers. The purpose of this study was to determine if chickens 
could rehabilitate the intestinal epithelial barrier after consumption of 
a rye-based diet and screen for different inflammatory biomarkers in 
broiler chickens. From hatch to 10 d of age, birds were fed either corn- 
or rye-based diets. At d 10, diets were switched to 1 of 4 treatments; 
corn to corn (C-C); corn to rye (C-R); rye to rye (R-R); or rye to corn 
(R-C). Chickens were weighed and cultured at 10 d and 20 d where 
livers were collected for bacterial translocation (BT) and serum was 
collected for FITC-D assay and measurement of superoxide dismutase 
(SOD), citrulline and MUC2 (d 20 only) using commercial ELISA kits . 
At 10d, chickens on the corn diet resulted in significantly higher body 
weight, lower serum FITC-D, and lower SOD activity than chickens 
on the rye diet (P < 0 .05) . At 20 d, chickens on the C-C and R-C diets 
had higher BW than the R-R and C-R groups. Body weight at 20 d in 
C-C and R-C were similar (P > 0.05), indicating that switching from 
rye to corn resulted in compensatory gain. C-C and R-C had lower BT 
and SOD than the R-R and C-R, suggesting that a dietary switch to 
a more digestible diet allows the gut epithelia to recover. All groups 
that received rye had higher levels FITC-D when compared with C-C 
chickens. Additionally, C-C and R-C were similar in MUC2 production, 
suggesting that the gut is able to repair itself . Citrulline concentration 
was not different between R-C and R-R, suggesting that feeding a rye 
diet while the gut is developing may result in some permanent damage 
to enteric epithelium . Therefore, it is evident that high rye diets nega-
tively affect gut permeability and stunt growth; however, switching 
diets allows chickens to rehabilitate their gut resulting in compensatory 
growth. Also, this confirms that citrulline, MUC2, and SOD are good 
biomarkers for inflammation in broiler chickens.

Key Words: biomarker, nutritional rehabilitation, broiler, enteric 
permeability

217   Withdrawn

218   Gastrointestinal taste sensing in broiler chicken. Shira L . 
Cheled-Shoval*1,2, Masha Niv2, and Zehava Uni1, 1Department of 
Animal Science, The Robert H. Smith, Faculty of Agriculture, Food 
and Environment, Hebrew University of Jerusalem, Rehovot, Israel, 
2Institute of Biochemistry, Food Science and Nutrition, The Robert 
H. Smith, Faculty of Agriculture, Food and Environment, Hebrew 
University of Jerusalem, Rehovot, Israel.

Taste perception and taste pathways play an essential role in food accep-
tance, toxins avoidance and nutritional evaluation and has been shown 
to affect feed choice and intake in pigs and other mammals. Knowledge 
on tastant sensing in the chicken gastrointestinal tract (GIT) is limited 
while in mammals nutrient sensing in the GIT have been shown to 
occur through taste components (i.e., taste receptors, TR), which are 
expressed in the GIT and affect processes such as gut motility, digestion 
and GIT hormonal secretion. Our aims were to detect taste-related genes 
expression in the chicken GIT, identify detection of different tastants 
in vivo, and study the effect of these tastants on the genes expression 
in the GIT. Accordingly, we identified in vivo detection for umami 
and bitter tastants using a 2-choice test method. In addition, 1-wk-old 
broiler chicks, fed ad libitum until the experiment, were administered 
bitter and umami tastants using a syringe, the chicks were killed, and 
GIT tissues were extracted for qPCR detection and analysis of taste-
related genes expression in the broiler GIT . During the administration 
experiments, chicks were under no feed or water protocol (2 h). Our 
results demonstrate bitter TR genes (T2R1, T2R2, T2R7), umami (T1R1 
and T1R3), and downstream protein genes (TRPM5, α-gustducin, and 
PLCβ2) expression in the upper (upper palate, tongue and the proven-
triculus) and lower GIT (small intestine, cecum and colon) of embryo 
and mature broilers. Bitter molecule (quinine) administration decreased 
the expression of 2 bitter TR and brush border enzymes (PepT1 and 
SGLT-1) in the intestine . Other bitter molecules such as erythromycin, 
nicotine, and caffeine affected bitter taste gene expression in the GIT 
as well. The umami tastant monosodium glutamate changed the umami 
TR gene expression in the GIT .
Our results of tastants in vivo detection, taste gene expression, and 
their expression alterations imply the involvement of taste pathways 
for sensing amino acids and bitter compounds in the chicken GIT, 
although the exact mechanism is yet to be revealed . These suggest 
the future possibility of affecting broiler feeding behavior and GIT 
processes via specific tastant sensing mechanisms in the GIT.

Key Words: taste, broiler, threshold, gene expression, gastrointesti-
nal tract 
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219   Hormonal and mitochondrial signatures in muscle: Pos-
sible implications for mitochondrial function and feed efficiency. 
Walter G . Bottje*1, Kentu Lassiter1, Sami Dridi1, and Nicholas 
Hudson2, 1Department of Poultry Science, University of Arkansas, 
Fayetteville, AR, 2Department of Animal Science, University of 
Queensland,, St. Lucia, Australia.

Global gene expression (cDNA microarray, RNaseq) and global protein 
expression (shotgun proteomics) studies have been conducted on the 
same set of breast muscle obtained from male pedigree broilers (PB) 
exhibiting high or low feed efficiency (FE). Interpretation of data has 
been facilitated by Ingenuity Pathway Analysis (IPA) software (Qiagen). 
To estimate mitochondrial content between the groups, we downloaded 
the human mitoproteome from the Mitominer website (http://mitominer.
mrc-mbu.cam.ac.uk/release-3.1/begin.do) that provided 1,046 nuclear-
encoded and mitochondrially encoded mitochondrial proteins . Of the 
699 genes encoding mitochondrial proteins in the RNaseq data set, 
475 were expressed in higher abundance in high FE. Similarly, in the 
proteomics data set, 150 of 228 identified mitochondrial proteins were 
elevated in high compared with low FE muscle. These data represent 
a very significant skew (binomial P-value < 0 .00001) implying the 
high FE birds have an elevated mitochondrial content as assessed by 2 
independent global expression analyses . Using the upstream analysis 
function of IPA, we determined that several hormones or hormone 
receptors were associated with FE. Hormones and hormonal receptors 
predicted to be inhibited in the high FE phenotype include aldosterone-
aldosterone receptor, angiotensinogen, corticotropin-releasing hormone, 
parathyroid hormone, prolactin, and thyroid stimulating hormone 
whereas estrogen, progesterone, insulin receptor/insulin signaling, and 
natriuretic peptide receptor were predicted to be activated in the high 
FE phenotype . Evidence in the literature indicates that many of these 
hormones either directly or indirectly can affect mitochondrial function . 
We have identified mitochondrial receptors in avian muscle cells and 
tissue for thyroid hormone, insulin, corticotropin-releasing hormone, 
and progesterone (see Lassiter et al . abstract for this meeting) . Thus, 
we hypothesize that these hormones may act in an autocrine manner to 
affect muscle cells including mitochondrial function .

Key Words: feed efficiency, broiler, hormone, mitochondria

220   Leptin up-regulates the expression of autophagy-related 
genes in avian tissues. Alissa L . Piekarski-Welsher*1, Peter Ishola1, 
Elizabeth Greene1, Walter G . Bottje1, Helena Maier3, Takeshi 
Ohkubo4, Mark Cline2, and Sami Dridi1, 1University of Arkansas, 
Fayetteville, AR, 2Virginia Tech, Blacksburg, VA, 3Pirbright Institute, 
Woking, United Kingdom, 4Ibaraki University, Ami, Ibaraki, Japan.

The satiety hormone leptin and the self-eating autophagy mechanism are 
2 master regulators of energy homeostasis and are extensively studied 
in mammals. Yet, their interaction is still unknown in avian (non-mam-
malian) species . The aim of the present study, therefore, is to determine 
the effect of leptin and its underlying mechanisms on autophagy in 
chickens. Recombinant ovine leptin (625 pmol, 10 µL) diluted in arti-
ficial cerebrospinal fluid was injected intracerebroventricularly (ICV) in 
1-wk-old Hubbard × Cobb 500 chicks (n = 10) with non-injected chicks 
as controls, and feed intake was recorded at 30, 60 and 180 min after 

injection . At the end of the experiment, hypothalami, muscle, and liver 
were collected for target autophagy-related gene and protein analyses. 
Leptin inhibited feed intake and upregulated the expression of several 
molecules involved in autophagy initiation, elongation, and maturation 
at both mRNA and protein levels. Next, to determine whether the effect 
of leptin is direct or indirect and to define its mode of action, chicken 
embryonic hepatocyte (CEH) and quail muscle (QM7) cells were cul-
tured and treated with recombinant ovine leptin (200 ng/mL) for 24h 
with control cells left untreated. Leptin upregulated the expression of 
its receptor (Ob-R), STATs (signal transducer and activator of transcrip-
tion), and autophagy-related genes and proteins . Leptin also enhanced 
autophagy in Chinese hamster ovary (CHO) cells stably transfected 
with chicken leptin receptor and chicken STAT3. Together, our results 
indicate that leptin regulates autophagy probably via STAT3 activation, 
and provides a novel link between metabolic control and autophagy.

Key Words: leptin, autophagy, avian, poultry

221   Infection of broilers with Eimeria causes species-specific 
changes in mRNA expression of genes associated with amino acid 
and sugar uptake in the gut. Katarzyna B . Miska* and Raymond H . 
Fetterer, USDA/ARS, Beltsville, MD.

Coccidiosis in chickens is caused by infection of gut epithelial cells 
with protozoan parasites of the genus Eimeria . This disease causes 
losses to the poultry industry because infected birds fail to gain weight 
as rapidly as non-infected birds . For the present study, the effect of 
Eimeria on expression of components of amino acid and sugar uptake 
mechanisms was determined. Ross broilers were infected with Eimeria 
maxima, which infects the jejunum, Eimeria acervulina, which infects 
the duodenum, or Eimeria tenella, which infects the ceca. Sections of 
the jejunum, duodenum, and ceca (depending on species of Eimeria) 
were taken between d 0 and 14 post-infection (PI) for mRNA expres-
sion analysis . Genes examined included one digestive enzyme, 7 
peptide and amino acid transporters located on the brush border, 8 
transporters located at the basolateral surface of the gut epithelium and 
5 sugar transporters . All 3 Eimeria species examined caused decrease in 
expression of brush border transporters particularly at d 5–7 PI, which 
corresponds to the time when pathology is greatest. The same pattern 
was seen in expression of sugar transporters. However, the expression 
of basolateral transporters differed among species . Eimeria tenella 
infection resulted in decreased expression of all basolateral transporters, 
whereas E. maxima infection caused increased expression of 2 genes and 
slight decrease in expression of the remaining 5 genes. Infection with E. 
acervulina resulted in increased expression at the height of infection (5 
d PI) of all brush border transporters . In conclusion, Eimeria infection 
causes a general decrease in gene expression of sugar transporter and 
brush border AATs at height of infection. However, the expression of 
basolateral transporters is increased in E. maxima and E. acervulina 
infected birds . It is possible that decreased expression of brush border 
transporters in combination with increased expression of basolateral 
transporter leads to decrease of nutrients available for the parasite thus 
limiting parasite reproduction .

Key Words: coccidiosis, nutrient transporter, mRNA expression, 
Eimeria, broiler
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222   Differential expression of DNA-methyltransferases in the 
pituitary and liver of male broilers following posthatch nutri-
tional stress. Seong W. Kang*, Gurueswar Nagarajan, Mahmoud 
Madkour, and Wayne J . Kuenzel, University of Arkansas, Fayette-
ville, AR.

The objective of this study was to test the hypothesis that posthatch 
feed deprivation (FD) of broilers may cause tissue-specific expression 
of the DNA-methyltransferases; DNA (cytosine-5-)-methyltransferase 
1 (DNMT1), DNMT1 associated protein 1 (DMAP1), DNMT 3 α 
(DNMT3A) and β (DNMT3B). Day-old chicks were randomly selected 
into 2 groups . Group 1 consisted of control, 12h feed (12hF), 12hFD, 
36hF, and 36hFD . At the end of treatments, anterior pituitary (AP), liver 
and blood were sampled (n = 14). Group 2 consisted of control (Con2), 
12hFD2, and 36hFD2 treated chicks at d 1. AP, liver and blood were 
sampled at 6 wk of age (n = 10–12). Changes in expression of genes 
were determined and compared with their controls. Plasma corticoste-
rone (CORT) levels were measured using radioimmunoassay. Results 
showed that CORT levels in 12hFD and 36hFD were increased 110 
and 140% compared with controls (12F and 36F), but there were no 

significant differences in between 12hFD2 and 36FD2 compared with 
Con2. CORT levels in 36hFD was 71% higher than those in 12hFD (P 
< 0.05). DNMT1, DMAP1 and DNMT3B mRNAs in AP were increased 
53, 83, and 87% by 12hFD, but decreased 48, 52, and 49% by 36hFD 
compared with their controls, respectively (P < 0 .05) . In liver, DNMT1, 
DNMT3A, and DNMT3B mRNA were decreased 39, 44, and 40% by 
12hFD, respectively (P < 0.05), and no significant changes by 36hFD. 
The effects of early-life 36hFD stress at 6-wk-old were augmented on 
the DNMTs mRNAs in AP compared with controls and 12hFD (P < 
0 .05) but in liver only DMAP1 and DNMT3A mRNA expression by 
36hFD was higher than those in Con2 and 12hFD (P < 0 .05) . Taken 
together, results suggest that chicken DNMT3B appears to be involved 
in de novo methylation of genes in the AP by 12FD nutritional stress as 
previously observed DNMT3B activation in AP, and the downregulation 
of DNMT1 mRNA in 36hFD AP and 12hFD liver may be associated 
with passive demethylation (Wu and Zhang, 2010). 

Key Words: nutritional stress, liver, anterior pituitary, DNA methyl-
transferase, corticosterone
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223   Genetic divergence in domestic Japanese quail inferred 
from mitochondrial DNA D-loop and microsatellite mark-
ers. Mitsuo Nunome*1, Mikiharu Nakano1, Ryo Tadano2, Ryoka 
Kawahara-Miki3, Tomohiro Kono4, Shinji Takahashi5, Takaharu 
Kawashima6, Akira Fujiwara7, Keijiro Nirasawa8, Makoto Mizutani1, 
and Yoichi Matsuda1,9, 1Avian Bioscience Research Center, Gradu-
ate School of Bioagricultural Sciences, Nagoya University, Nagoya, 
Japan, 2Faculty of Applied Biological Sciences, Gifu University, 
Gifu, Japan, 3Genome Research Center, NODAI Research Institute, 
Tokyo University of Agriculture, Tokyo, Japan, 4Department of 
Bioscience, Tokyo University of Agriculture, Tokyo, Japan, 5General 
Affairs Department, National Institute for Environmental Studies, 
Tsukuba, Japan, 6Center for Environmental Biology and Ecosys-
tem Studies, National Institute for Environmental Studies, Tsukuba, 
Japan, 7Laboratory Animal Research Station, Nippon Institute for 
Biological Science, Hokuto, Japan, 8Animal Breeding and Reproduc-
tion Research Division, NARO Institute of Livestock and Grassland 
Science, Tsukuba, Japan, 9Laboratory of Animal Genetics, Graduate 
School of Bioagricultural Sciences, Nagoya, Japan.

To assess the genetic diversity of domestic Japanese quail (Coturnix 
japonica) populations and their genetic relationships, we examined 
mitochondrial DNA (mtDNA) D-loop sequences and microsatellite 
markers for 19 Japanese quail populations. The populations included 9 
laboratory lines established in Japan (LWC, AMRP, Quv, RWN, rb-TKP, 
WE, AWE, W, and NIES-L), 6 meat-type lines reimported from Western 
countries (JD, JW, Estonia, NIES-Br, NIES-Fr, NIES-Hn), 1 commercial 
population in Japan, and 3 wild quail populations collected from 3 Asian 
areas. The phylogenetic tree of mtDNA D-loop sequences revealed the 
presence of 2 distinct haplotype groups, MT-G1 and MT-G2 . MT-G1 
contained a dominant haplotype, which represented most of the quail 
populations, including wild quail (LWC, rb-TKP, WE, AWE, JD, JW, W, 
NIES-L, NIES-Br, NIES-Hn, and commercial, and wild quail). MT-G2 
was composed of minor haplotypes found for 6 laboratory lines (AMRP, 
Quv, RWN, WE, AWE, and W), 2 meat-type lines (Estonia and NIES-Fr), 
and a few individuals in commercial and wild quail populations. The 
principal coordinate and network analysis with microsatellite markers 
revealed 2 genetic groups, MS-G1 and MS-G2. MS-G1 was found for 
6 laboratory lines (LWC, AMRP, Quv, RWN, WE, and AWE) . MS-G2 
was seen in the other 3 laboratory lines (rb-TKP, W, and NIES-L), 
all meat-type lines (JD, JW, Estonia, NIES-Br, NIES-Fr, NIES-Hn), 
and commercial and wild quail populations. We identified 2 genetic 
sources of domestic Japanese quail populations with different genetic 
backgrounds. One was represented by MT-G2 and MS-G1, which may 
have been affected by the population that was exported to the United 

States from Japan before World War II. The other was represented by 
MT-G1 and MS-G2 and was probably derived from limited founder 
populations re-established in Japan after the war.

Key Words: avian resource, Japanese quail, breeding history, genetic 
variation, genetic clustering

224   Shell quality evaluation incorporating double repeatability 
in layer chicken. Jesus Arango*1, Anna Wolc1,2, Petek Settar1, and 
Neil P . O’Sullivan1, 1Hy-Line International, Dallas Center, IA, 2Iowa 
State University, Ames, IA.

Improving eggshell resistance and reducing incidence of broken eggs 
is beneficial not only for profitability but also for food safety. Poor 
shell quality is one of the most important sources of inefficiency in 
commercial egg production. Design of selection program with a proper 
consideration of multiple records may improve estimation of breeding 
values and thus enhance selection response for shell quality. For this 
study, a total of 200,400 records from 3 generations of 3 lines: White 
Leghorn (WL), Rhode Island Red (RIR) and Plymouth Rock (WPR), 
representing a wide spectrum of biotypes for egg production were used. 
Records included repeated measurement (2 to 3) taken around 4 ages 
(26, 42, 65, and 86 wk). Traits collected were breaking strength taken 
at the egg’s equator (BSe) and between its poles (BSp), and dynamic 
stiffness (Kdyn). Data were analyzed using a multiple trait animal model 
with double repeatability, representing both overall and age specific 
permanent environmental effect. Fixed effects included hatch within 
generation (HG); testing station (within HG), age of hen, and egg weight 
at each measurement. The analyses were carried out using the REML and 
AIREML algorithms as implemented in BLUPF90 programs (Misztal et 
al., 2015). Estimates of heritability for the WL line were 0.14, 0.17 and 
0 .30 for BSe, BSp and Kdyn, respectively . The corresponding estimates 
for RIR and WPR were between 0.13 and 0.21 for BS traits, and 0.26 to 
0.34 for Kdyn. The typical repeatability (overall age) across lines was 
of 0 .14 to 0 .28 for BS, and 0 .26 to 0 .34 for Kdyn . If both permanent 
environmental effects were fitted (adding the age specific component), 
the total repeatability was 0.28 to 0.43 for BS and 0.59 to 0.68 for 
Kdyn. Fitting permanent environmental effects allowed separating 
within age and across age random effects, and avoided overestimation 
of heritability. This model is straightforward to implement and should 
be a better approach than the simple multiple trait model based on hen 
average record, which ignores the nature of the repeated records and 
animal permanent environmental effects .

Key Words: shell quality, breaking strength, dynamic stiffness
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225   Phytogenic feed additives display anti-inflammatory and 
anti-oxidative properties in vitro. Theresa Kaschubek1, Christine 
Hunger*2, Carina Schieder2, Klaus Teichmann1, Elisabeth Mayer1, 
and Gerd Schatzmayr1, 1BIOMIN Research Center, Tulln, Austria, 
2BIOMIN Holding GmbH, Getzersdorf, Austria.

Phytogenic feed additives are derived from plants and known for numer-
ous beneficial biological activities, improving animal health state and 
overall growth performance. In addition to anti-microbial, fungicidal, or 
anti-viral activities, phytogenics can modulate inflammatory processes 
in the intestine and improve cell protection due to their anti-oxidative 
activity. In this study, the potential of 3 phytogenic feed additives, which 
are based on spices and medicinal plants and their essential oils and 
extracts, to influence the activity of inflammatory and anti-oxidative 
parameters was investigated in vitro. Effects of the 3 phytogenic feed 
additives (with thymol, menthol, and trans-anethole as main ingredients, 
respectively) were investigated in vitro using a neonate piglet jejunal cell 
line. To study inflammation restricting properties, intestinal inflamma-
tion was simulated by stimulation of cells with TNF-α. Activation levels 
of anti-inflammatory and anti-oxidative parameters were determined 
using ELISA technique. Two out of 3 tested phytogenic feed additives 
were able to downregulate TNF-α induced inflammatory markers. The 
third product did not exhibit anti-inflammatory characteristics, however 
it was shown to improve the intracellular anti-oxidative status. All 3 
analyzed phytogenic feed additives indicated beneficial effects on the 
porcine jejunal cell line in vitro . This study points out, that phytogenics 
in livestock nutrition could be a suitable tool to improve animal health 
and growth performance. Continuing feeding trials will be conducted 
to investigate the biological activities of phytogenics in vivo .

Key Words: phytogenic feed additive, anti-inflammatory, 
anti-oxidative

226   Hyperimmune IgY technology and its potential appli-
cation for antibiotic free poultry production. Ujvala Deepthi 
Gadde*1,2 and Hyun S . Lillehoj1, 1Animal Biosciences and Biotech-
nology Laboratory, Beltsville Agricultural Research Center, USDA-
ARS, Beltsville, MD, 2Oak Ridge Institute for Science and Education 
(ORISE) Research Participation Program at the Animal Biosciences 
and Biotechnology Laboratory, Beltsville Agricultural Research 
Center, USDA-ARS, Beltsville, MD.

Modern poultry industry is constantly on the lookout for novel drug-free 
disease prevention strategies . With the increase in regulations on the use 
of antibiotic growth promoters and rise in consumer demand for poultry 
products from “antibiotic-free” or “no antibiotics ever” flocks, the quest 
for alternative approaches intensified in the recent years. Successful 
strategies developed as antibiotic alternatives should be both safe for 
humans and animals, be easily administered, economically feasible and 
have significant beneficial effect on health and performance. Passive 
immunization with pathogen-specific egg yolk antibodies (IgY) is one 
such potential alternative. Laying hens are hyperimmunized with specific 
antigens at regular intervals to induce continuous deposition of anti-
bodies into the egg yolks . The polyclonal antibodies are then collected 
noninvasively from egg yolks and used for oral passive immunization . A 
single hen can produce more than 350 eggs in her lifetime thus providing 
a continuous supply of large quantities of antibodies. The use of IgY 
offers several advantages in that it is safe, environmental friendly and 
nontoxic . IgY technology can be easily adapted to the current poultry 
industry needs as these antibodies can be purified easily, spray dried 

and mixed in feed for mass application without any risk. Hyperimmune 
egg antibodies have been successfully employed in the prophylaxis 
and treatment of various enteric infections in poultry and thus can be 
employed in antibiotic-free poultry production .

Key Words: poultry, hyperimmune IgY

227   A combination of direct-fed microbial and enzymes 
reduces intestinal inflammation and extraintestinal spread in 
Campylobacter jejuni-challenged broilers. Kirsty A . Gibbs*1, 
Lizeth Lacharme-Lora2, Gemma Chaloner2, Alexandra Wealleans1, 
Yueming Dersjant-Li1, and Paul Wigley2, 1Danisco Animal Nutri-
tion, DuPont Industrial Biosciences, Marlborough, United Kingdom, 
2Institute of Infection and Global Health, University of Liverpool, 
United Kingdom.

Campylobacter jejuni causes 95 million cases of foodborne gastro-
enteritis annually; C. jejuni is closely associated with poultry. Long 
considered commensal, recent evidence suggests that C. jejuni infec-
tion leads to inflammation and diarrhea in broilers while extraintestinal 
spread and contamination of edible tissue poses a consumer health risk . 
This study examined the effect of a direct-fed microbial and enzymes 
(DFM+XAP, providing 2,000 U of xylanase, 200 U of amylase, 4000 U 
of protease per kg of feed and 75,000 cfu/g of Bacillus DFM) under C. 
jejuni M1 challenge in 21-d-old Ross 308 male broilers . Intestinal and 
systemic bacterial levels, host response to infection, and performance 
parameters were evaluated at 3 and 7 d post-infection (dpi). In this 
experiment, DFM+XAP had no effect on feed intake (FI) or body weight 
gain (BWG) in uninfected controls, though C. jejuni-infected birds fed 
DFM+XAP had numerically higher FI and BWG compared with infected 
controls. Expression of key inflammatory chemokine CXCLi2, involved 
in heterophil recruitment, was reduced in DFM+XAP treated birds at 
3 dpi in ceca (2 .3- to 22-fold increase), cecal tonsil (0 .67- to 47-fold 
increase) and ileum (0.1- to 18-fold increase). Expression of IFN-γ, 
which enhances macrophage phagocytosis, could not be detected in 
DFM+XAP treated birds, whereas up to 6-fold increases were observed 
in the intestine of infected control birds . The regulatory cytokine IL-10 
was also expressed in treated birds. Although intestinal levels of C. 
jejuni were unaffected, spread to the liver at 7 dpi was 86% in control 
birds and 0% in DFM+XAP. Gut histology indicated a reduction in 
inflammatory damage with DFM+XAP. These data suggest the addition 
of DFM+XAP to broiler diets modulates the inflammatory effects of C. 
jejuni infection, reducing gut damage and thus decreasing the likelihood 
of extraintestinal spread .

Key Words: broiler, Campylobacter jejuni, direct-fed microbial, 
immunity, inflammation

228   Effect of yeast-derived products on Salmonella Enteriti-
dis shedding and colonization in different organs of laying hens. 
Pratima Acharya Adhikari*1, Anna Rogiewicz2, Woo Kyun Kim1, 
Douglas E . Cosby3, Nelson A . Cox3, and Bogdan A . Slominski2, 
1Department of Poultry Science, University of Georgia, Athens, GA, 
2Department of Animal Science, University of Manitoba, Winnipeg, 
MB, Canada, 3National Poultry Research Center, USDA, Athens, GA.

Thirty-two laying hens (37 wk old) were inoculated both orally and 
intracloacally with 1 mL of 2.25 × 108 cfu of Salmonella Enteritidis 
(SE; nalidixic acid resistant, SENAR). Hens were individually placed 
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in conventional cages and followed the schedule of 16h light and 8h 
dark. Hens were provided ad libitum feed and water and were randomly 
allocated to 4 treatments of 8 hens per treatment: (1) No SENAR chal-
lenge (T1), (2) SENAR challenge (T2), (3) SENAR challenge + a blend of 
Saccharomyces-Torula yeasts and yeast cell walls (T3), and (4) SENAR 
challenge + enzymatically modified Saccharomyces-Torula yeasts and 
yeast cell walls (T4). Fecal shedding was monitored at 3 and 6 d post-
inoculation (dpi). All hens were euthanized at 7 dpi to harvest liver-gall 
bladder (LGB), spleen, ovaries and ceca. The fecal samples were 100% 
positive for SENAR at 3 dpi in T2, T3, and T4 . By 6 dpi, fecal samples 
were 87, 62, and 37% positive for T2, T3, and T4, respectively. There 
was no recovery of SENAR in ovaries in any treatments . The recovery 
of SENAR in LGB was 75, 25 and 37% in T2, T3, and T4, while that 
of spleen was 62, 25, and 37% in T2, T3, and T4, respectively. T3 and 
T4 significantly reduced SENAR counts (cfu/g) in ceca from 4.3 log10 
to 2 .7 and 1 .95 log10, respectively, compared with T2 (P < 0 .05) . The 
cecal count of SENAR was 1.6 log10 lower in T3 and 2.3 log10 lower in 
T4 compared with T2. Both yeast derived products (T3 and T4) showed 
Salmonella colonization reducing effect in internal organs as well as in 
the ceca of laying hens. Enzymatically modified yeast (T4) was better 
than its intact counterpart (T3) in reducing Salmonella counts in the ceca .

Key Words: laying hen, liver, ceca, Salmonella Enteritidis, Saccha-
romyces-Torula yeast

229   Evaluation of the effects of long-term Maxiban (nicarba-
zin/narasin) use on coccidiosis control and broiler chicken per-
formance. Greg F . Mathis*1, Charles L . Hofacre2, Johnna Bridges3, 
and Brett Lumpkins1, 1Southern Poultry Research, Inc., Athens, GA, 
2The University of GA, PDRC, Athens, GA, 3Elanco Animal Health, 
Greenfield, IN.

The objective of this study was to evaluate the continuous use of an 
anticoccidial program containing Maxiban (nicarbazin/narasin) over 16 
mo and 10 broiler chicken growouts. Each growout was a 35-d floor pen 
trial (0.83 sq. ft stocking density) using a randomized complete block 
(15 blocks) design . Treatment to pen location remained the same for 
each subsequent growout. The first flock was placed on new litter with 
the followings flocks raised on used litter from the proceeding flocks. 
Commercial type diets were used; starter (ST) d 0–14, grower (GR) d 
14–28, and finisher (FIN) d 28–35. The 2 coccidiosis control programs 
were (1) continuous: Maxiban (MAX) to Monteban (MONT) (narasin): 
ST - 72 g/ton MAX, GR – 81 g/ton MAX, and FIN – 63 g/ton MONT 
and (2) rotation: fall/winter: ST - 90 g/ton nicarb (Nicarbazin), GR– 100 
g/ton Coban (monensin), and FIN – 90 g/ton Coban; and spring/summer: 
ST – 50 g/ton Salinomycin (SAL), GR – 60 g/ton SAL, FIN – 50 g/ton 
SAL. Bird weights and feed consumption were measured on d14, 28, 
and 35. Gross coccidial lesion scores (LS; 5 birds/pen) and oocysts per 
gram fecal material (OPG) were determined on d28. The LS and OPG 
trend lines throughout the 10 growouts demonstrated that the continuous 
program of MAX/MAX/MONT was more effective in controlling the 
coccidia than the rotation program . nicarb is an effective anticoccidial 
especially controlling coccidia cycling. When birds were transitioned 
from nicarb (fall/winter rotation program) to Coban, the coccidia were 
able to begin to cycle . As a result, the Rotation program had an increase 
in lesions and OPG compared with the Continuous program. Across the 
10 growouts, there was an average increase of 0.041 kg weight gain in 
the Continuous program compared with the Rotation program. Thus this 
study demonstrated that the continuous use of an anticoccidial program 
containing Maxiban, for multiple consecutive grow out cycles, has the 
potential to improve performance through the reduction of coccidiosis .

Key Words: Maxiban, nicarb, Monteban, Coban, coccidia

230   Performance of coccidia vaccinated broiler chickens fed 
varying levels of Natustat or Natustat NS. Greg F . Mathis*1, Brett 
Lumpkins1, William David King2, and Arnold E . Sefton2, 1Southern 
Poultry Research Inc., Athens, GA, 2Alltech Inc., Catnip Hill, KY.

This study evaluated the feeding of Natustat or Natustat NS on perfor-
mance of coccidia vaccinated broiler chickens . Natustat is an all-natural 
blend product containing organic minerals, plant extracts, essential oils 
and mannan-rich fragment (MRF) . Natustat NS is a more concentrated 
form of Natustat. A 42-d floor pen trial with built-up litter was conducted 
using a randomized complete block (8 blocks) design . Cobb 500 male 
broiler chicks were coccidia vaccinated at hatch. Each pen contained 20 
chicks with 0.93 sq. ft per chick. All treatments consisted of a 3-phase 
dietary program that used based on commercial feed formulation stan-
dards; starter (ST) d 0–19, grower (GR) d 19–35, and finisher (FIN) d 
35–42. Bird weights and feed consumption were measured on d 19, 35, 
and 42. Oocysts per gram fecal material (OPG) were determined on d 21, 
28, and 35. Treatments were: T1 no feed additives (NM), T2 Natustat 2 
lb/t (NAT2), T3 Natustat 4 lb/t (NAT 4), T4 Natustat NS 1 lb/t (NS1), T5 
Natustat NS 2 lb/t (NS2), and T6 Natustat NS 5 lb/t (NS5). All levels of 
NAT and NS significantly reduced d 21 and d 28 total opgs compared 
with NM. By d35, all treatment opgs were a large amount lower than d 
28. This indicates coccidial immunity developed without inference by 
NAT or NAT NS . On d 19, d 35, and d 42, the birds fed NAT 2, NAT 
4, NAT NS2, and NAT NS5 had significantly improved (P < 0 .05) feed 
conversion ratio (FCR) compared with NM fed birds. FCR improvement 
for all treatments was over 5 points at d 19, over 4 points at d 35, and 
with a range of 3–7 point improvement at d 42. FCRs for NAT2 and 
NAT NS2 were not significantly different at any weigh period. FCRs 
for NAT4 and NAT NS5 were not significantly different at any weight 
period. FCR NAT4 was significantly better than NAT NS 2 on d42. 
However, weight gain results were more variable and therefore no major 
differences were observed among treatments. The feeding of Natustat or 
Natustat NS demonstrated significant improvements in performance as 
well as reducing coccidiosis in coccidia-vaccinated broilers.

Key Words: Natustat, Natustat NS, coccidiosis, vaccine, broiler

231   Performance and anticoccidial effects of Magni-Phi in 
salinomycin-fed broilers. Kenneth W . Bafundo*1 and Greg F . 
Mathis2, 1Phibro Animal Health Corp., Teaneck, NJ, 2Southern Poul-
try Research Inc., Athens, GA.

Magni-Phi (Phibro Animal Health) is a triterpenoid saponin feed addi-
tive that has been shown to exert anticoccidial effects in broilers that 
complement the use of ionophores and coccidiosis vaccines . A series 
of 3 floor pen studies was carried out to evaluate the efficacy and 
performance responses of Magni-Phi (MP, 250 ppm) when used in 
combination with salinomycin (66 ppm). Trial 1 was conducted as a 
pilot study where salinomycin was fed both alone and in combination 
with MP for a 28-d period. Trials 2 and 3 used 2 × 2 factorial designs 
to evaluate the effects of MP and salinomycin, both alone and in com-
bination, in their ability to improve performance under coccidiosis 
challenge. In all experiments, each treatment was replicated 8 times. In 
trials 1 and 2, birds were reared on used litter containing field isolates 
of coccidial oocysts; in trial 3, coccidia were known to be tolerant to 
ionophore medication . Performance and oocysts per gram of feces at 18 
and 28 d were used as variables in all tests, and final performance was 
determined at 42 d . Pilot study results indicated that MP + salinomycin 
significantly improved performance at 28 d compared with salinomycin 
alone; birds receiving MP + salinomycin produced significantly fewer 
oocysts than those receiving salinomycin alone (P < 0 .05) . The results 
of trials 2 and 3 indicated that both MP and salinomycin significantly 
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improved 28 and 42 d performance compared with controls, with the 
best weights and feed conversions recorded in treatments simultaneously 
receiving MP and salinomycin . In both cases, the MP and salinomycin 
responses were shown to be additive. Similarly, oocyst production was 
significantly reduced by both salinomycin and MP when fed alone, but 
the lowest oocyst output was recorded in treatments receiving both 
products concurrently . These results provide additional evidence for 
the anticoccidial effects of MP and, as in previously reported studies, 
illustrate the additive responses of MP and ionophore medication .

Key Words: Magni-Phi, saponin, salinomycin, anticoccidial effect

232   Effects of whole yeast cell product in chickens post-coccid-
ial challenge. Ashley Markazi* and Amanda Luoma, The Ohio State 
University, Wooster, OH.

Whole yeast cell products are derived from yeast species such as Pichia 
guilliermondii . Whole yeast contains mannan oligosaccharides and 
β-glucans, which are polysaccharides that have immunomodulatory 
effects in several species including poultry. Two experiments were con-
ducted to study the effects of whole yeast cell product supplementation in 
layer chicken production parameters, fecal and intestinal coccidial oocyst 
counts, and immune parameters following an experimental coccidial 
infection. The hypothesis of this study is that whole yeast cell product 
supplementation increases body weight gain and decreases coccidial 
infection in layer chickens. A one-way ANOVA was used to examine 
the effect of whole yeast cell product supplementation on dependent 
variables, followed by Tukey’s least squares means comparison when 
main effects were significant (P < 0 .05) . In experiment I, day-old layer 
chicks were fed 3 experimental diets with 0, 0.1, or 0.2% whole yeast 
cell product. At 21 d of whole yeast cell product feeding, birds were 
challenged with live coccidial oocysts. In experiment II, 40-wk-old 
layer hens were fed 3 experimental diets with 0, 0.05, or 0.1% whole 
yeast cell product and challenged with live coccidial oocysts at 28 d of 
whole yeast cell product feeding. Supplementation with whole yeast cell 
product increased body weight, decreased coccidial oocyst count, and 
decreased CD8+ T cell percentages in the cecal tonsils post-coccidial 
challenge (P < 0.05). It could be concluded that supplementing whole 
yeast cell product in layer diets can improve body weight gain, decrease 
fecal and intestinal oocyst count and decrease CD8+ T cell percentage 
in cecal tonsils post-coccidial challenge .

Key Words: prebiotic, gut health, whole yeast cell, mannan oligosac-
charides, β-glucan

233   The effect of herbal medicine on immune system, blood 
biochemical parameters, intestinal microbial population, and 
performance of broilers. Shaban Rahimi*, M . A . Karimi Torshizi, 
M . M . Ayari, and Saeedyakhkeshi Yakhkeshi, Tarbiat Modares Uni-
versity, Tehran, Iran.

This study was conducted to compare the effects of a novel herbal 
medicine with antibiotic, a commercial herbal medicine and coneflower 
on immune system, blood biochemical parameters, intestinal microbial 
population and performance of broiler chickens . A total of 300 one-day-
old male broilers (Ross 308) were randomly allocated to 5 treatments, 
6 replicates with 10 birds/pen in a completely randomized design. 
Treatments were contained basal diet (control), novel herbal medicine 
(Immunosupport), commercial herbal medicine (Immunofen), antibiotic 

(Virginiamycin) and medicinal plant (purple coneflower) in a ratio of 
1 to 1000 in drinking water. The highest body weight gain obtained by 
antibiotic treatment (P < 0.05). The lowest and the highest feed con-
version ratio obtained by control and antibiotic treatments, receptivity 
(P < 0 .05) . Moreover, the herbal medicines caused to increase number 
of useful microbial population of intestine such as lactic acid bacteria, 
and decrease the growth of coliforms and total aerobic bacteria. Also, 
Immunosupport showed the highest cell mediated immune response, 
and lowest serum cholesterol and triglyceride compared with the other 
treatments (P < 0 .05) . According to results of this experiment, Immu-
nosupport can be used as antibiotic alternative in poultry production .

Key Words: medicinal plants, immune system, broiler, performance

234   The effect of a Bacillus licheniformis probiotic on intesti-
nal coccidian lesions in broiler chickens. Dorthe Sandvang1, Tina 
Styrishave1, Alfred Blanch*1, Mickaël Rouault1, and Joren Ver-
beke2, 1Chr Hansen A/S, Hørsholm, Denmark, 2Poulpharm, Izegem, 
Belgium.

Coccidiosis, mainly caused by diverse Eimeria species, is an economi-
cal important disease in poultry . Macroscopically visible lesions can 
be observed in the intestines of coccidiosis infected birds . Probiotics 
have been successfully used to reinforce intestinal epithelium morphol-
ogy and support the intestinal health in poultry . The purpose of this 
study was to investigate the effect of Bacillus licheniformis probiotic 
product on the pathogenesis of Eimeria spp. Two duplicate trials were 
conducted to investigate the efficacy of Bacillus licheniformis (CH200, 
DSM5749) in ameliorating coccidian lesions in chickens . In each trial, 
male Ross 308 broilers were allocated in 3 treatment groups: UC = 
untreated control; AMOX = amoxicillin treated (20 mg of amoxicillin/
kg of body weight); and BL = B. licheniformis 1.2E+06 cfu/g feed with 
48 birds per group. No coccidiostat was used. On d 20, all birds were 
challenged orally with a mixture of approximately 80,000 E. acervulina 
and 40,000 E. maxima oocysts . On d 24, 25, and 26, intestinal lesions 
of 16 birds per group were scored. Differences between the treatment 
groups were analyzed using linear regression models with total lesion 
score as outcome variable and treatment group and scoring day as cat-
egorical fixed effects. Statistical significance was assessed at P ≤ 0.05. 
In both trials, the BL group showed significantly lower intestinal lesion 
scores compared with the UC and AMOX groups. This effect on the 
pathogenesis of Eimeria spp . might be due both to the immunological 
modulation and the intestinal morphology strengthening executed by 
this probiotic in poultry . The Bacillus licheniformis probiotic was shown 
to have a significant effect on the pathogenesis of Eimeria and might 
be a good complementary tool .

Table 1. Coccidian lesion scores of chickens untreated or treated with 
amoxicillin or Bacillus licheniformis probiotic .

Experimental treatment Trial I Trial II
Untreated control 3 .77 4 .10
Amoxicillin 4 .07 3 .90
B. licheniformis 3 .00* 3 .40*
*Treatment group was statistically significant different from untreated 
control (P ≤ 0.05).

Key Words: broiler, coccidiosis, Eimeria, Bacillus licheniformis
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235   Effect of dietary oleoresin mix on the performance of 
laying hens challenged with high pathogenic influenza virus 
H7N3. Prashant K . Mishra, Abel Plata-González*, Alberto Casarín-
Valverde, and Alberto P . Sánchez-Serrano, Euro-Nutec Premix, S.A. 
de C.V., El Marqués, Querétaro, México.

In recent years, plant essential oils and oleoresins have drawn a lot of 
attention in animal nutrition not only because of their antimicrobial 
effect but also because of their immuno-modulatory effects in differ-
ent mono-gastric animals. Some of these oleoresins have been shown 
to have a modulatory response during a pathogenic challenge in the 
field. Recent influenza outbreaks and sanitary issues have opened 
many opportunities to validate the effect of these plant oleoresins . In 
the present study, we evaluated the effect of the mixture of two plant 
oleoresins in different concentrations on Bovans white layer hens, 
experimentally challenged with H7N3 influenza virus isolated from 
the field. The experimental design included four treatments, a positive 
challenge control (no oleoresin mix/challenged; NOMC), a negative 
challenge control (no oleoresin mix/unchallenged; NOMU), a mixture 
one (oleoresin mix A/challenged; OMAC) and a mixture two (oleoresin 
mix B/challenged; OMBC). Blood samples were retrieved periodically 
for Influenza hemagglutination inhibition assay and viral loads were 
measured on pre- and post-infection weeks by qPCR. Body weight, 
feed consumption, laying percentage and virus determination data were 
analyzed at seven weeks. The results show that after the infection, the 
laying percentage of the experimental groups dropped to 7 to 14% 
and the groups treated with both mixtures presented recovery signs. 
At the end of the test, both OMAC and OMBC were just 10 and 20%, 
respectively, below control group NOMU and almost 40 and 20% above 
control group NOMC, respectively. Statistical analysis was done using 
the Minitab 15 software. ANOVA test showed that the OMAC and 
OMBC groups had no significant difference from the NOMU group and 
were significantly different from the NOMC group. Serological studies 
show that the challenged groups (OMAC and OMBC) consuming the 
oleoresin mix have lower antibody titer and viral load in comparison to 
the NOMC group. Hence, we conclude that the addition of oleoresin mix 
in the layer’s feed helps in recovery of the laying percentage, lowering 
the antibody titer and viral load .

Key Words: H7N3 influenza virus, plant oleoresin, essential oil, 
laying hen

236   Moved to Student Competition: Immunology, Health, and 
Disease II   

237   Effects of a multi-strain probiotic on the performance of 
broiler chickens exposed to a necrotic enteritis challenge. Edu-
ardo Vicuna*1, Chasity M . Pender1, G . Raj Murugesan1, Charles L . 
Hofacre2, and Greg F . Mathis3, 1Biomin America Inc., San Antonio, 
TX, 2Department of Population Health, Poultry Diagnostic and 
Research Center, University of Georgia, Athens, GA, 3Southern Poul-
try Research, Athens, GA.

The primary challenge that producers face in implementing antibiotic-
free programs is to maintain intestinal health to prevent necrotic 
enteritis, one of the world’s most common and financially crippling 
poultry diseases with mortality rates of up to 50%, without the use of 
in-feed medications . Probiotics have been receiving increased attention 
as a means to prevent necrotic enteritis due to their ability to improve 
intestinal health and immunity. The objective this experiment was to 

evaluate the effects of multi-strain probiotic supplementation on broiler 
performance during a necrotic enteritis challenge . A total of 192 day-old 
broiler chicks (Cobb 500) were randomly divided among 3 treatment 
groups, and housed in Petersime battery cages (8 cages/treatment; 8 
chicks/cage). The treatments consisted of a non-challenged negative con-
trol (NEG), a challenged positive control (POS), and a challenged group 
supplemented with a probiotic (PS; PoultryStar me, 500 g/ton). On d 14, 
all birds were orally inoculated with 5,000 oocysts of Eimeria maxima . 
On d 19, 20, and 21, birds in POS and PS were given a broth culture 
of Clostridium perfringens (108 cfu/mL) to induce necrotic enteritis. 
Body weight and feed intake were recorded on day of hatch (DOH), d 
21, and d 28 to determine body weight gain and feed conversion ratio. 
Mortality was recorded daily and intestinal lesions were scored on d 
21. From DOH to d 21 and from DOH to d 28, body weight gain was 
reduced in POS, but increased in PS to levels similar to NEG . A similar 
trend was observed for feed conversion where FCR was increased by 
the challenge, but probiotic supplementation decreased FCR to levels 
comparable to the non-challenged control. Intestinal lesion scores were 
also reduced in PS compared with POS. Overall, these results suggest 
that probiotics may be an effective means of alleviating the negative 
consequences of necrotic enteritis.

Key Words: necrotic enteritis, Eimeria, probiotic, Clostridium per-
fringens, intestinal health

238   Inflammation hematology of ducks illustrates the mono-
cyte-macrophage continuum. Paul Cotter*, Cotter Laboratory, 
Arlington, MA.

Microscopic differences among leukocytes allow sorting as lympho-
cytes, granulocytes, and monocytes but static descriptions may under-
estimate true variation . In duck blood, as in other poultry, lymphocytes 
exceed granulocytes and monocytes. However, stress and disease can 
affect these proportions. Their frequency in duck blood varies, averag-
ing 8%, but has ranged from as few as 2 to 3% to as many as 50% of a 
standard differential count (SDC) . Classically, “monoblasts” develop 
from hematopoietic stem cells (HSC) to become monocytes in blood . 
After recruitment by local signals, they exit blood to become fully 
developed macrophages in tissues . Light microscopic examination of 
duck blood indicates that monocyte morphology varies greatly . More-
over, monocytes, their developmental stages, and fully differentiated 
macrophages occur in blood of lame ducks . The purpose is to illustrate 
this situation with examples from blood and synovial fluid of lame 
ducks. Photomicrographs of Wright-stained samples were made using 
an Olympus CX-41 microscope at 100×. Images were processed with 
Infinity Analyze software, Release 6.5. The presentation begins with 
theory, proceeds to examples of typical types, and continues with 
examples of atypical types. Phagocytic macrophages with bacteria-laden 
vacuoles were in blood; reactive monocytes and macrophages were in 
synovial fluid. Certain synovial macrophages contained large vacuoles 
with magenta bodies. These cells have features resembling macrophages 
having “Kurloff” bodies, until now known only in guinea pigs. Large 
granulated bone marrow macrophages were also in blood. Monocytes 
have multiple physiologic roles in innate and acquired immunity. This 
complexity is reflected by the present observations. Moreover, the 
traditional unidirectional developmental scheme of originating in bone 
marrow, to appearing in blood as monocytes, and finally to maturation 
as macrophages in tissues, is multidirectional .

Key Words: monocyte, macrophage, inflammation, duck, 
hematology
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239   Withdrawn

240   Commercial oregano product increases intestinal cell 
proliferation, antioxidant capability and performance of broil-
ers. Aikaterini E . Konstanti*1, Leon J . Broom1, Augustine Owusu-
Asiedu1, David Harrington1, and Ilias Giannenas2, 1Anpario PLC, 
Manton Wood Enterprise Park, Worksop, United Kingdom, 2Labora-
tory of Nutrition, Faculty of Veterinary Medicine, Aristotle University 
of Thessaloniki, Thessaloniki, Greece.

This study determined the effect of a commercial oregano essential oil 
product, Orego-Stim (Anpario, UK), on intestinal cell proliferation, 
antioxidant capability and performance of broilers . A total of 480 Ross 
308 broilers were split into 2 groups (8 reps/group, 30 birds/rep). Group 
1 (C) served as control and group 2 (OS) was supplemented with 300g 
of Orego-Stim per tonne of feed. The groups were fed the diets until 42 
d in 3 phases (1–14, 15–28, and 29–42 d) and performance was assessed. 
On d 42, intestinal cell proliferation was determined by measuring pro-
liferating cell nuclear antigen (PCNA) in the duodenum (DD), jejunum 
(JJ) and ileum (IL) by immunohistochemistry . The antioxidant status 
was assessed via 2 markers: malondialdehyde (MDA) and the stable 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging test . Both 
antioxidant tests were conducted on breast and thigh samples obtained at 
the end of the trial. The data were analyzed by ANOVA and significance 
was accepted at P < 0.05. OS improved FCR in all 3 growth phases and 
overall [d 1–42: 1.73 vs. 1.44 for C and OS respectively; P < 0 .05] . The 
OS birds consumed less feed (P < 0 .05) and had numerically higher body 
weight gain. PCNA was higher in all 3 intestinal sections [DD: 21.08 vs. 
15.83; JJ: 23.69 vs. 19.79; IL: 24.7 vs. 22.29 (nuclei/enterocyte); P < 
0 .05] for OS birds, highlighting increased rate of enterocyte generation . 
A better antioxidant status was also seen with OS, with reduced lipid 
oxidation levels (MDA) and increased antioxidant activity (DPPH) (P 
< 0 .05) . In conclusion, Orego-Stim can help mitigate intestinal damage 
through greater enterocyte production, reduce oxidative stress and thus 
improve performance of broilers .

Key Words: broiler, oregano essential oil, gut health, antioxidant 
status, intestinal cell proliferation

241   Oregano essential oil improves performance in coccidiosis-
vaccinated broilers. David Harrington*1, Kat Constanti1, Greg F . 
Mathis2, and Leon Broom1, 1Anpario Plc, Worksop, United Kingdom, 
2Southern Poultry Research Inc., Athens, GA.

Coccidiosis vaccination is undertaken in poultry as part of coccidiosis 
management programs. However, vaccination can lead to impaired bird 
performance . This study evaluated the effect of a commercial oregano 
essential oil product, Orego-Stim (OS; Anpario, UK) on the performance 
of broilers raised on reused litter and vaccinated against coccidiosis 
via hatchery spray at day-old. A total of 1,125 Cobb 500 broilers were 
split into 5 treatments (9 replicates and 25 birds/treatment), following 
a randomized block design: (1) vaccinated (V; Coccivac-B52, Merck, 
USA); (2) non-vaccinated, 450 g/T OS; (3) V + 150 g/T OS (VOS150); 
(4) V + 300 g/T OS (VOS300); and (5) V + 450 g/T OS (VOS450). Birds 
were reared in floor pens on reused litter from d 0 to 42. The basal diet 

was formulated to meet their requirements. OS was included in feed 
from d 0. Body weight gain (BWG), mortality, FCR and EPEF was 
calculated for d 0 to 42. Data were analyzed by ANOVA and signifi-
cance declared at P ≤ 0.05. V had significantly higher FCR (1.87) than 
all other treatments, while there was no significant difference between 
other treatments (OS450: 1 .67; VOS150: 1 .73; VOS300: 1 .69; VOS450: 
1.67). V had significantly lower BWG than all other treatments (1.92 
kg), while OS450 had significantly higher BWG than all treatments 
except VOS450 (2 .41 and 2 .37 kg, respectively) . BWG for VOS150 
and VOS300 were 2.19 and 2.29 kg, respectively. Mortality in V was 
significantly higher than all other treatments with the exception of OS450 
(15.0 and 9.4%, respectively). VOS300 had the lowest mortality, 3.9%. V 
had significantly lower EPEF than all other treatments (V: 209; OS450: 
321; VOS150: 277; VOS300: 308; VOS450: 303) . In conclusion, the 
use of a commercial oregano product (Orego-Stim) in the diet of birds 
vaccinated against coccidiosis ameliorated the apparent negative effect 
of vaccination alone upon performance and mortality . In addition, the 
inclusion of oregano in the feed in non-vaccinated birds also conferred 
a performance benefit compared with anticoccidial vaccination alone.

Key Words: broiler, coccidiosis, oregano, vaccine, performance

242   The effect of oregano essential oil on the immunity of 
broilers vaccinated against coccidiosis. Kat Constanti*1, David 
Harrington1, Leon Broom1, and Greg F . Mathis2, 1Anpario Plc, Work-
sop, United Kingdom, 2Southern Poultry Research Inc., Athens, GA.

The aim of the study was to investigate the effect of an oregano oil 
product, Orego-Stim (OS) (Anpario, UK) on the development of coc-
cidial immunity following vaccination with a coccidiosis vaccine via 
hatchery spray at d 0. A total of 1,125 Cobb 500 broilers were split 
into 5 treatments (9 replicates, 25 birds/replicate): (1) vaccinated 
(V) (Coccivac-B52, Merck, USA); (2) non-vaccinated, 450g/T OS; 
(3) V+150g/T OS (VOS150); (4) V+300g/T OS (VOS300); and (5) 
V+450g/T OS (VOS450). Birds were reared in floor pens on reused 
litter from d 0 to 42. OS was included in feed from d 0. On d 21, 5 birds/
pen were moved to cages and challenged orally with a mixture of E. 
acervulina, E. maxima, and E. tenella . In addition, 45 non-vaccinated, 
coccidia-free birds (C) were also challenged. On d2 7, these birds were 
killed and coccidial lesion scored (LS) in the upper (LEA), mid (LEM) 
and cecal (LET) region of the gut . Oocyst per gram (OPG) of feces in 
each pen were measured on d 7, 14, 21, 28, and 35. Data were analyzed 
by ANOVA and significance declared at P < 0 .05 . C demonstrated that 
the Eimeria challenge was successful and mean LS was significantly 
higher than all other treatments. Mean LS were C: 3.4; V: 1.2; OS450: 
1 .5; VOS150: 1 .0; VOS300: 1 .2; VOS450: 1 .2 . LEA and LEM LS 
did not differ significantly between treatments with the exception of 
C, which were higher. OS450 had significantly higher LET LS than 
all other treatments (OS450: 1 .5; V: 0 .8; VOS150: 0 .5; VOS300: 0 .4; 
VOS450: 0.4). OPG results are shown in Table 1. All vaccinated groups 
indicated a peak in OPG on d 14 and 35; the size of the d-14 OPG peak 
decreased with increasing OS inclusion. The OPG level in OS450 was 
low throughout the study but a small peak was observed on d 21 fol-
lowed by an increase on d 35.
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Table 1 . Oocysts per gram in feces of broilers in different treatment 
groups

Treatment d 7 d 14 d 21 d 28 d 35
V 1,414 14,845a 4,728a 119ab 5,617
OS450 430 474c 1,001ab 445a 2,920
VOS150 660 12,095ab 1,112ab 96ab 3,031
VOS300 860 7,885abc 808ab 59ab 3,980
VOS450 660 2,920bc 185b 22b 3,528
a–cDifferent letters within columns denote significant differences.

Key Words: broiler, coccidiosis, oregano, immunity, vaccine

243   Withdrawn

244   The effect of a phytogenic feed additive on apparent ileal 
digestibility and growth performance in broilers subject to a 
reduced-nutrient diet. Chasity M . Pender*1, G . Raj Murugesan1, 
Eduardo Vicuna1, Carina Schieder2, Klaus Männer3, Jürgen Zentek3, 
Mirjana Dukic-Stojcic4, Sinisa Bjedov4, Natasa Milosevic4, and 
Lidija Peric4, 1Biomin America Inc., San Antonio, TX, 2Biomin Hold-
ing GmbH, Getzersdorf, Austria, 3Free University Berlin, Institute of 
Animal Nutrition, Berlin, Germany, 4University of Novi Sad, Depart-
ment of Animal Science, Novi Sad, Serbia.

Phytogenic feed additives (PFA) have recently attracted considerable 
attention due to their ability to improve gut health as well as their 
nutrient-sparing characteristics that may assist with least cost feed 
formulation. A study was conducted to assess the efficiency of a PFA to 
alter nutrient digestibility and performance in broilers . As a preliminary 
experiment, a total of 80 day-old broiler chicks were randomly assigned 
to one of 2 treatment groups (2 replicate pens/group; 20 chicks/pen); 
a control receiving a basal diet and a group supplemented with PFA 
(Digestarom Poultry; 150 g/ton). Apparent ileal digestibility of crude 
ash, crude protein, amino acids, ether extract, calcium, and phosphorus 
was determined using TiO2 (5 g/kg) as a marker in grower diets (8 birds/
pen). Supplementation with PFA was shown to elicit positive effects in 
terms of apparent ileal nutrient digestibility . Based on these results, the 
objective of main experiment was to evaluate the nutrient-sparing effects 
of the same PFA in broilers provided an energy- and protein-reduced 
diet over a period of 42 d. A total of 525 day-old broiler chicks were 
assigned to 1 of 3 treatments, each consisting of 5 replicate pens (35 
birds/pen). Treatments included a standard control diet, an energy- and 
protein-reduced control diet (−4.0% ME and −0.8% CP), and the reduced 
diet supplemented with PFA. Body weight and feed consumption were 
recorded weekly. Mortality was recorded daily. Data were subjected to 
one-way ANOVA using SPSS (Version 21), and means were compared 

using a Kruskal-Wallis test. The reduced diet significantly decreased 
BW and impaired feed conversion while the PFA was able to increase 
BW and improve feed conversion to levels similar to that of the control 
during the 42 d study period. These results confirm the nutrient-sparing 
and performance-enhancing effects of PFA in broiler diets .

Key Words: phytogenic, digestibility, broiler, performance, nutrient 
sparing

245   Six-week observation of broilers fed diets containing vari-
ous plant based feed additives and challenged with Clostridium 
perfringens. Michael D . Sims*1, Jennifer Maurin2, and Mieke Zoon2, 
1Virginia Diversified Research Corp., Harrisonburg, VA, 2Pancosma 
SA, Le Grand-Saconnex, Geneva, Switzerland.

A 6-week broiler floor pen challenge (C. perfringens) study was con-
ducted to evaluate live weights (BWT), feed conversion ratio (FCR), 
mortality and lesion scores (LSC) when fed diets containing XTRACT 
6930 (Xt6930), B-SAFE HC (BSF), XTRACT 6930 + B-SAFE HC 
(XT6930+BSF), XTRACT 7065 (Xt7065), XTRACT MultiCox 
(XtMC), XTRACT CoxGuard (XtCG) or MagniPhi 227 g/t (MAG). 
Study pens held 25 birds at a density of 0 .244 m2/bird and fed corn-soy 
based starter, grower and finisher diets through wk 2, 4 and 6, respec-
tively . Necrotic enteritis (NE) challenge system began at d 10 and birds 
were LSC at 14 d and 42 d. All data were analyzed using the LSD model 
with α set at 0.10. At wk 2 and 4, all of the supplements significantly 
increased BWT above infected controls (IC), and significantly reduced 
feed conversions compared with IC. Week 2 LSC were significantly 
lower for XT6930+BSF (1.533) than for infected controls (2.000) and 
among the additives, the XT6930+BSF (1 .533), XTMC (1 .933) and 
XT7065 (1.700) groups had significantly lower LSC than both the XTCG 
(2.167) and MAG (2.333) groups. Six-week mortality was significantly 
higher for infected controls than for all other groups . The XTMC 
(1.60%) mortality was significantly lower than that of both the XTCG 
(5.20%) and BSF groups (5.20%). Week 6 LSC of the XT6930 (1.967), 
XTMC (2.033) and XTCG (2.00) were better (P < 0 .10) than the Xt7065 
(2.433) group while none of the supplemented groups differed from the 
infected control group (2 .167) . Among the supplemented groups, the 
broilers fed diets supplemented with XTMC or XTCG through Week 6 
had final heavier BWT, lower FCR and lower mortality than all others. 
This finding supports a conclusion that XTMC or XTCG may improve 
the nutrition of diets for sustained optimal performance in the presence 
of a challenge from necrotic enteritis .

Key Words: XTRACT, C. perfringens, necrotic enteritis, lesion 
score, floor pen
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247   A two-alternative forced choice method for detecting taste 
thresholds in chicken. Naama Reicher*, Shira L . Cheled-Shoval, 
and Zehava Uni, Department of Animal Sciences, Robert H. Smith 
Faculty of Agriculture, Food and Environment, the Hebrew Univer-
sity of Jerusalem, Rehovot, Israel.

Taste perception is a biological mechanism that can influences feeding 
preferences . The method for examining taste sensing abilities in chicken 
is by conducting a 2-alternative forced choice (2-AFC) taste test, in 
which consumption levels of a certain tastant (taste molecule) and a 
tasteless control are compared. The 2-AFC tests were conducted on 3- 
to 7-d-old broiler chicks to assess their detection thresholds for bitter, 
sweet and umami (glutamate) tastes as follows: 140 chicks were divided 
into 7 groups of 20 chicks (6 treatment groups and 1 control group) . 
Each group was divided into 5 repeat groups with 3 chicks per repeat. In 
each pen, 2 250-mL bottles were filled with tasteless water and a tastant 
solution, weighed and placed 20 cm apart on each side of the back of the 
pen. For every tastant examined, a different concentration was given to 
every treatment group . At the end of a 24-h trial, consumption results 
were expressed as (1) consumption of tastant solution; (2) consumption 
of water; (3) total consumption; and (4) the ratio between consumption 
of tastant solution and total consumption . The taste threshold for each 
tastant was determined the minimal concentration that created a signifi-
cant difference in one or more of these 4 parameters. Results showed that 
broiler chicks sense the bitter tastants quinine, caffeine, erythromycin 
and nicotine with thresholds of 0.3, 10, 0.1, and 0.33 mM, respectively, 
resulting in a significant decrease in tastant consumption. In humans, 
detection thresholds for these molecules are lower, thus chicken are less 
sensitive to bitter tastants than humans . The detection threshold for the 
umami tastant monosodium glutamate is 0 .3 M, the same as in humans . 
The chicks’ response to this tastant was a reduction in consumption as 
well. No detection ability was found for the sweet tastant sucrose. In 
contrast, humans are able to detect this tastant at 0 .015 M . In this study, a 
method for detecting taste thresholds for certain tastants and their effects 
on consumption in broiler chicks was developed. This method could 
benefit the poultry industry by indicating which flavors could enhance 
or reduce food consumption, due to their taste perception in chicken .

Key Words: tastant, taste threshold, 2-alternative forced choice test

248   Withdrawn

249   Effect of different carotenoid combinations on broiler skin 
color. Sergio R . Fernandez*1, Ernesto Avila2, Benjamin Fuente2, Fer-
nando Cisneros1, and Francisco Miranda1, 1DSM Nutritional Prod-
ucts México, El Salto,  México, 2Universidad Nacional Autónoma de 
México, México City, México.

To evaluate the influence of different carotenoid combinations on 
broiler skin color, 600 21-d-old-Ross 308 straight run broilers were 
randomly allocated to 12 treatments with 2 replicates of 25 chicks 
each. All treatments had a sorghum-SBM feed formulated to fulfill the 
Ross 308 birds nutritional requirements, being the only difference the 
carotenoid combination as follows [Tagetes erecta (TE)/apoester (Apo)/
canthaxantin (CNT), ppm]; T1; 80/0/3, T2; 76/4/3, T3; 74/4/3, T4; 
72/4/3, T5; 70/4/4, and T6; 68/4/5, these combinations were calculated 
to get the following TE/Apo equivalence ratios; T1; 0/0, T2; 1/1, T3; 
1.5/1, T4; 2/1, T5; 2.5/1, and T6; 3/1. Chicks were housed in floor pens 

allocated in an experimental broiler house. Yellow skin color (b) was 
evaluated with colorimeter Minolta CR400. Data were analyzed as a 
CRD in factorial arrangement, 2 (sex) by 6 (carotenoid) . Regarding 
growth parameters, only sex yielded statistical (P < 0 .05) differences 
(male/female, SEM): WG, kg/c; 3.42/3.02, 0.052, FI, kg/c; 4.9/4.6, 0.15 
and FC 1.75/1.88, 0.054. Knowing that b values >42 appear the same 
to the human eye (homogeneous color), the Mexican broiler industry 
standard is set to get at least 80% of the measurements above 42 in b, 
so all b values per treatment were pooled to calculate this value, finding 
only T4 below (70.8%), whereas the other treatments showed at least 
80% of the b values above 42 (average; 92%), following the results for 
diet main effect (P < 0.05): Xanthophyll intake (mg/chick); T1; 405ab, 
T2; 418a, T3; 412ab, T4; 375c, T5; 384bc, and T6; 384bc, SEM; 12 .8 . b 
values; T1; 48 .60a, T2; 49 .77a, T3; 51 .57a, T4; 43 .48b, T5; 48 .37a, and 
T6; 50 .20a, SEM; 1.796. The lowest xanthophyll intake (P < 0.05), was 
observed in chicks fed diets T4, T5, and T6 with TE/Apo ratio of 2:1, 
and above. However, addition of 4 and 5 ppm CNT to T5 and T6, with 
TE/Apo ratios of 2.5:1 and 3.0:1, respectively, allowed the broilers to 
get b measurements, equivalent to those of T1 to T3.

Key Words: broiler, skin color, apoester, canthaxantin

250   Corn quality determination—A comparison of three near 
infrared (NIR)-based models and broiler data. Shivaram K . Rao*, 
Pilgrim’s Pride, Canton, GA.

Corn is a major energy source in poultry diets . Available research and 
commercial experience suggest that corn energy value can vary from 
region to region and can be influenced by growing and harvesting con-
ditions. An opportunity to quickly and reliably estimate corn energy 
value could offer beneficial information to nutritionists to better deal 
with corn quality variability. Today, producers can choose from several 
near infrared (NIR)-based calibrations or models to estimate corn AME . 
The objective of this research was to evaluate 3 corn AME NIR models 
and compare them to broiler AME results . Fourteen corn samples from 
various harvest seasons and grown in the United States were evaluated 
in young broilers to estimate AME for each corn sample . In addition, all 
corn samples were analyzed by wet chemistry for moisture, protein and 
oil. All corn samples were also scanned using 3 commercially available 
sources of NIR models (source A, B, C) to predict corn AME and other 
parameters including moisture, oil and protein . Highest linear correlation 
values between wet chemistry protein and NIR predicted values was 
achieved with C, followed by B and A model. Wet chemistry moisture 
and oil correlation with NIR values were possible with calibration 
sources B and C (A did not provide moisture and oil model). However, 
C source model provided higher correlation between wet chemistry and 
predicted values. Predicted AME value model with oil wet chemistry 
showed a strong relationship only for C calibration source followed 
by B and A. Finally, there was no correlation achieved between AME 
animal data and NIR predicted values for model A, the relationship was 
trending negative for B and achieved R2 of 0 .62 for the calibration source 
C . AME in vivo methodology might have possibly put at disadvantage 
some model sources not directly developed against this parameter . The 
results suggest that NIR corn quality screening technology can offer a 
value to nutritionists; however, each calibration should be tested before 
its widespread use in a commercial setting.

Key Words: corn AME, near infrared (NIR) calibration, comparison
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251   Growth performance and intestinal morphometric 
responses of broilers to xylanase supplementation in wheat-based 
diets. Gemma González-Ortiz*1, Marta Martínez-Mora2, David Sola-
Oriol2, José F . Perez2, and Michael R . Bedford1, 1AB Vista, Marl-
borough, United Kingdom, 2Servei de Nutricio i Benestar Animal 
(SNiBA), Department de Ciencia Animal i dels Aliments, Universitat 
Autonoma de Barcelona (UAB), Barcelona, Spain.

The objective of this study was to evaluate the effect of xylanase 
supplementation on performance and intestinal morphometric in broiler 
chickens. Two hundred eighty-eight Ross 308 broiler chicks (1 d old) 
were placed in 3 experimental treatments: PC, NC (−150 kcal/kg) and 
XYL (the NC supplemented with 32,000 BXU/kg of xylanase). Each 
treatment had 8 replicates, with 12 animals each. Starter and grower 
diets, based on wheat and soybean meal, and water were available ad 
libitum. Body weight gain (BWG) and feed intake (FI) were measured 
from 0 to 42 d and feed efficiency was corrected for mortality (FE). The 
relative weights of the empty gastrointestinal tract (GIT) and all the com-
partments were recorded at the end of the study. Statistical comparisons 
were performed using a one-way ANOVA and multivariate correlations 
between FE and morphometric measurements were analyzed (JMP Pro 
12) . The reduction of energy resulted in lighter birds (PC: 2,710 vs . 
NC: 2,546 g; P = 0 .030) and xylanase supplementation increased gain 
by 84 g compared with the NC (P = 0.229) with no effects in FI. Feed 
efficiency increased by 15 points when the NC was fed (P = 0 .076), 
and xylanase supplementation returned FCR to PC levels in 7 points 
difference (P = 0.424). No treatment effects were observed in any of 
the morphometric measurements with the exception of the gizzard (P 
= 0 .036) and the ileum (P = 0 .088) . In both sections, XYL had higher 
relative weights compared with NC and PC. Significant correlations 
were observed between GIT and FCR (r = −0.47; P < 0.0001) which 
was likely due to the high development of the upper part of the GIT 
(crop, proventriculus and gizzard) . Supplementation of broiler diets 
with xylanase influenced performance, which may be due to a reduction 
in digesta viscosity and better utilization of nutrients, nonetheless the 
better development of gizzard and ileum may correspond to an adaptive 
response of birds when it is presumed high levels of nutrients may be 
available in the GIT .

Key Words: xylanase, performance, wheat, intestinal morphometric, 
gizzard

252   Dietary enzymes prepared at ensiling (ZADO) affects pro-
ductivity and enzyme activity in laying hens. Hosam M . Safaa*1, 
Hany R . Elsherif1, Mourad H . Elsanhoury2, Ahmed M . Fouad1, 
Mohamed A. Elmenawey1, and Ahmed O . Abass1, 1Animal Produc-
tion Department, Faculty of Agriculture, Cairo University, Giza, 
Egypt, 2Poultry Production Department, Faculty of Agriculture, Ain 
Shams University, Cairo, Egypt.

A total of 280 Hisex Brown at 48 wk of age were used to evaluate the 
effects of exogenous xylanases, cellulases, protease and α-amylase 
enzyme preparations at ensiling (ZADO) on the productive performance 
and enzymes activity. Hens were divided randomly into 5 treatments 
(hens basal diets supplemented with 0.00, 0.25, 0.50, 1.00 or 2.00 g/
kg diet with ZADO) and housed in individual cages at an open house 

system under the same managerial conditions . Hens’ performance 
traits were measured every 4 wk and enzyme activity parameters for 
xylanase, cellulase, protease and a-amylase were measured at the end 
of the experiment (64 wk of age). Results indicated numerical but not 
significant effects of dietary ZADO levels of laying hens productivity. 
Egg production rate was 92.1, 92.5, 93.9, 93.1, and 93.2% and feed 
conversion ratio was 1.919, 1.860, 1.895, 1.909, and 1.853 g of diet/g of 
eggs for birds fed diet supplemented with 0.00, 0.25, 0.50, 1.00 or 2.00 
g/kg diet with ZADO, respectively. Moreover, enzymes supplementa-
tion increased enzymes activity in digesta of both proventriculus and 
ileum (P < 0.05). For example, α-amylase activity records were 0.70, 
1 .50, 2 .26, 19 .08, and 11 .96 (P = 0 .037) in proventriculus digesta and 
90, 108, 282, 407, and 287 (P = 0 .013) in ileum digesta for the 5 treat-
ment groups, respectively . It could be recommended from this study 
to supplement ZADO to laying hen diets to enhance enzyme activity, 
which might result in a slight increase in hens’ productivity.

Key Words: laying hen, productive performance, enzyme activity, 
ZADO

253   Evaluation of Cibenza DP100 protease enzyme on appar-
ent ileal amino acid digestibility of full fat extruded soybeans in 
broilers. Karen Wedekind* and Jeffery Escobar, Novus International 
Inc., St. Charles, MO.

Soybean products are the most important source of dietary protein for 
poultry in the United States and much of the world. Variation in protein 
quality among soy ingredients can occur due to processing. Full fat 
extruded soybeans (FFES) are an alternative to conventional solvent-
extracted soybean meal (SBM), but may have higher levels of trypsin 
inhibitors (TI) . The use of exogenous protease in poultry diets may 
improve amino acid digestibility and was evaluated in diets containing 
25% FFES, which contained 5.8 mg/g of TI vs 3.1 mg/g TI for SBM. 
288 Ross 308 male broilers were fed a corn-SBM diet (positive; POS) 
or corn-SBM with 25% FFES (negative; NEG) or the NEG+ Cibenza 
DP100 protease (300 U/g diet, Novus International) for a total of 3 
treatments with 12 reps/treatment. A common corn-SBM starter diet 
was fed to all chicks from d 0 to 16. Experimental test diets (20% CP) 
containing 0.4% of TiO2 as digestibility marker were fed from d 16 to 21, 
ileal digesta was collected on d 21. LSD multiple pair-wise comparison 
procedures using a one-way ANOVA analyses were used to compare 
treatment means. Relative pancreas weight was numerically increased 
by FFES addition, but was significantly decreased with addition of 
protease (P < 0 .05) . Apparent ileal amino acid (AIAA) digestibility 
was decreased by addition of FFES (P < 0 .05), but addition of protease 
returned AA digestibility for Arg, Asp, Glu, Ile, Lys, Phe, Thr, Val and 
essential AA similar to the POS control . The protease enzyme also 
increased AIAA for the other AA (different (P < 0 .05) from both the 
NEG and POS control), but did not return digestibility to that observed 
for POS control . In conclusion, protease supplementation increased 
AIAA digestibility of FFES in growing male broilers chickens. Further, 
the reduction in pancreas weight paralleled the improvement in AIAA 
digestibility for protease indicating a potential amelioration of the nega-
tive effects of TI from FFES .

Key Words: broiler, protease, trypsin inhibitor



Poult. Sci. 95(E-Suppl. 1)86

254   β-Mannans of soybean meal: Their enzymatic hydrolysis 
and the effect of β-mannanase on growth performance and 
immune status of broiler chickens. Anna Rogiewicz*1, Jakub 
Naczmanski1, Mohammad Alizadeh1, Rob Patterson2, and Bogdan A . 
Slominski1, 1University of Manitoba, Winnipeg, MB, Canada, 2Cana-
dian Bio-Systems, Calgary, AB, Canada.

The β-galactomannan content of SBM determined in this study was 
very low, and when assessed using the determined mannose values 
and the galactose to mannose ratio of 1:1.8, averaged 1.08%. Its 
water-soluble fraction averaged only 0.10% and accounted for 9% of 
the total β-galactomannan content. As opposed to the high amounts 
of β-mannans present in guar or copra meals, this small amount is not 
likely to contribute to any increased intestinal viscosity in poultry fed 
corn/SBM-based diets. In subsequent in vitro experiments, SBM and its 
water-soluble fraction were incubated with several β-mannanase prepa-
rations currently recommended to the feed industry to determine their 
affinity toward SBM β-galactomannan. A degree of β-galactomannan 
depolymerization, as evidenced by mannose disappearance, ranged from 
4.3 to 20.3% for SBM, and from 13.8 to 31.7% for its water-soluble 
fraction. The objective of the in vivo trial was to validate a concept 
that SBM β-galactomannans may be involved in triggering the innate 
immune response by the animal when it detects a pathogen associated 
molecular pattern analog responsible for inducing a metabolically 
costly stimulation of the immune system, which would be minimized 
by β-mannanase supplementation. Broiler chickens were assigned to 5 
dietary treatments, each consisting of 10 pens of 5 birds each, and were 
fed energy-deficient corn-SBM diets containing 2,900 and 3,000 kcal/kg 
in the starter (0–10 d of age), and grower (11–21 d of age) phases. Four 
commonly used β-mannanase preparations were evaluated. There was 
no effect (P > 0.05) of enzyme supplementation on growth performance, 
the relative weight of immune organs (spleen and bursa of Fabricius), 
and the level of immunoglobulins IgA, IgG, and IgM in serum and 
intestine . Further research on any potential energy-sparing effect or 
suppression of the pathogenic bacteria proliferation by β-mannanase 
supplementation is needed .

Key Words: soybean meal, β-galactomannan, β-mannanase, broiler

255   Performance of broilers fed a corn-soybean meal-based 
diet supplemented with a non-starch polysaccharidase and phy-
tase enzyme combination. Augustine Owusu-Asiedu*1, Aikaterini 
E . Konstanti1, Leon J . Broom1, Emma Graystone1, and Marta I . 
Gracia2, 1Anpario PLC, Worksop, United Kingdom, 2Imasde Agroali-
mentaria, S.L, Napoles, Madrid, Spain.

The current study evaluated the effect of a commercial multi-enzyme 
blend containing a specific combination of xylanase, β-glucanase and 
phytase (Optimize; OP) on the performance, health status and mortality 
of broiler chickens fed a corn-soybean meal-based diet with reduced 
nutrient specifications. Ross 308 day-old broiler chickens (1,080) were 
randomly allotted to 3 treatments with 20 replicates pens/treatment and 
18 birds/pen. The dietary treatments were (1) a positive control basal 
diet containing corn, soybean meal, full fat soybean, wheat and rye, and 
formulated to meet or exceed nutrient requirements of Ross 308 broilers; 
PCD; (2) negative control diet formulated to a lower nutrient specifica-
tion using the recommended nutrient contribution by the enzyme (ME, 
Ca, digestible P and mean digestible AA reduced by 116 kcal/kg, 0.10, 
0.12 and 0.03%, respectively; NCD); and (3) NCD + supplemented with 
1 kg/MT of OP (OPD). The diets were fed in 2 phases from d 1 to 21 

and d 22 to 35. Body weight, feed intake (FI), body weight gain (BWG) 
and feed efficiency were determined. Data were analyzed as completely 
randomized design by GLM of SPSS and means separated using Tukey’s 
test. Overall gain to feed ratio was not affected (P > 0 .05) by treatment . 
Except for numerical differences, there were no statistical differences 
(P > 0.05) between PCD and OPD in all parameters measured. Overall 
BWG and FI increased (P < 0 .05) in birds fed PCD and OPD compared 
with NCD. Mortality was numerically (P = 0.15) lower in OPD fed 
broilers compared with NCD and PCD diets. Mortality was 2.88, 2.78 
and 0.66% for PCD, NCD and OPD diets, respectively. In conclusion, 
the current study showed broiler performance was completely restored 
to required standard with equal European Production Efficiency Factor 
(359, 350 and 364 for PCD, NCD and OPD diets, respectively), when the 
commercial multi-enzyme combination was added to diet with reduced 
nutrient specification. Thus, reformulated broiler diets with nutrient spar-
ing of Optimize is a feasible and safe solution, which allows for reduce 
feed cost and maintain acceptable performance standard .

Key Words: enzyme, broiler, performance, feed cost

256   Effects of enriched xylanase and arabinofuranosidase 
activities on laying hens’ performance when fed wheat-based 
diets that differ in nutritional density. Maxime Traineau1, Pierre 
Cozannet1, Estelle Devillard1, Robert B . Shirley2, Roberto Mon-
tanhini Neto3, Christophe Alleno4, and Aurélie Preynat*1, 1Adis-
seo, Commentry, France, 2Adisseo, Atlanta, GA, 3Adisseo, Antony, 
France, 4Zootest, Ploufragan, France.

A new carbohydrase (Rovabio Advance P) was developed to contain 
a higher expression and activity of xylanase and arabinofuranosidase, 
in addition to several other hemicellulase enzymes . This experiment 
was designed to evaluate the production performance and egg quality 
of Rovabio Advance P in wheat-fed layers. In total, 1920 hens were 
allocated to 6 treatments as follows: a positive control (PC) diet that 
was formulated to be adequate in all nutrients, 2 negative control (NC) 
diets that were similar to the PC, but lower in metabolizable energy and 
digestible amino acids (−1.5% for both in NC1 and −3% for both in 
NC2), and the 3 diets that were supplemented with Rovabio Advance 
P. These 6 treatments were divided into 16 replicates of 20 Leghorn 
laying hens, and laying performance and egg quality traits were recorded 
between 46 and 62 wk of age. For the overall period, results showed 
that the reformulation (NC1, NC2) reduced egg weight (P < 0 .001) and 
impaired feed intake (FI) (P < 0 .001) and feed conversion ratio (FCR) 
compared with the PC (P < 0 .001) . The nutritional reduction in NC1 
and NC2, however, had no effect on egg quality (fracture force, Haugh 
Units and static stiffness) or final body weight (BW). Addition of Rova-
bio Advance P to the NC1 and NC2 diets significantly improved egg 
weight (P < 0 .001), egg mass (P = 0 .03), FCR (P = 0.03) and final BW 
(P = 0 .009) . Addition of Rovabio Advance P to NC1 and NC2 resulted 
in similar laying performance when compared with results of the PC 
diet that was not supplemented with Rovabio Advance P. Concerning 
egg quality, enzyme addition enhanced the static stiffness (P = 0 .02) 
and Haugh units (P = 0.02) compared with non-supplemented diets. 
These data confirm that laying performance, egg quality and overall 
nutrient utilization are enhanced when diets are supplemented with a 
carbohydrase complex that contains xylanase and arabinofuranosidase .

Key Words: carbohydrase, diet reformulation, laying hen, layer 
performance, egg quality.
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257   Evaluation of the efficacy of xylanase and arabinofurano-
sidase enrichment of a multi-enzyme complex on metabolizable 
energy value of corn-soybean meal- and wheat-soybean meal-
based diets. Pierre Cozannet*1, Maxime Traineau1, Estelle Devil-
lard1, Roberto Montanhini Neto3, Robert B . Shirley2, and Aurélie 
Preynat1, 1Adisseo S.A.S., Commentry, France, 2Adisseo S.A.S., 
Atlanta, GA, 3Adisseo S.A.S., Antony, France.

Plant cell wall degrading enzymes (enz) are key technologies in animal 
feed industries . The present study describes the effect of an endo-
xylanase (Xyl; GH11) and an arabinofuranosidase (Abf; GH54) on 
the digestibility of different raw materials as estimated by an in vitro 
method. The effects of an enrichment of a multi-enz complex with these 
2 enzymatic activities were also determined by an in vivo digestibility 
tests. In in vitro trial, the effect of Xyl and Abf alone or combined was 
measured on dry matter digestibility (dig DM) of wheat, corn and corn 
distiller. The highest effect of Abf was observed on corn and corn distill-
ers (respectively, 5.7 and 14.8% improvement), which are characterized 
by high level of substitution of xylose backbone with arabinose. Xyl 
improved wheat dig DM by 3.8% (P < 0 .001) and corn distillers dig 
DM by 13.3%. Combination enz further improved these values to 8.9 
and 15.9% (P < 0.001). In vivo digestibility trials with broilers (12–22 
d) were conducted by using corn-soybean meal or wheat-soybean meal-
based diets supplemented with either multi-enz (Rovabio Excel) or Xyl 
and Abf enriched preparation (Rovabio Advance) at their commercial 
doses. The apparent metabolizable energy (AME) were measured. 
Compared with control without enz addition, both enz preparations sig-
nificantly improved AME of wheat-soybean meal-based diet at a similar 
rate: 90 and 100 Kcal/kg DM for Excel and Advance, respectively. On 
corn-soybean meal-based diet, Rovabio Excel numerically improved 
AME by 59 kcal/kg DM (P < 0.10) and Rovabio advance significantly 
increased AME by 95 kcal/kg DM (P < 0 .05), respectively . In conclusion, 
both in vitro and in vivo studies showed that enrichment in Xyl and Abf 
activities was of great interest in dietary fiber degradation especially 
for corn . This observation could be related to the high ability of Abf to 
increase the potential activity of Xyl, as corn presents a high degree of 
ramification of xylose backbone with arabinose.

Key Words: arabinofuranosidase, energy, enzyme, xylanase

258   Does phytate origin affect phytase response differently? 
Roger Davin*1,2, Colwayne Morris1, Fenglan Yan2, Megharaja K . 
Manangi2, David R . Ledoux1, and Mercedes Vázquez-Añón2, 1Uni-
versity of Missouri, Columbia, MO, 2Novus International Inc., Saint 
Charles, MO.

The objective of the current study was to evaluate the response to phy-
tase, in broilers fed the same amount of phytate P (PP) from SBM and 
RB, on apparent ileal P digestibility (AIPD) and bone ash % (BAP). 
A total of 576 Ross 308 male broiler chicks were fed a common corn-
SBM-based diet from d 1 to d 15. From d 15 to 23, birds were fed 12 
semi-purified diets containing 0.25% PP from either a SBM diet (0.44% 
total P) or a RB diet (0.35% total P), with limestone used to maintain 
a 1 .45:1 Ca:P ratio in both diets . Phytase (Cibenza Phytaverse, Novus 
International, Inc., St Charles, MO) was added to SBM and RB diets 
at 0, 250, 500, 750, 1000 and 2000 FTU/kg in a completely random-
ized 2 × 6 factorial design with 8 replicate cages (6 birds/replicate). 
Digesta from the posterior two-thirds of the ileum and right tibias were 
collected on d 23. Excreta were collected daily from d 20 to 23. Data 
were analyzed by 2-way ANOVA to evaluate the effect of ingredient, 
phytase and their interaction, and by orthogonal polynomial contrasts 
to test the linear and quadratic effects of phytase in SBM and RB diets. 
Results indicated no interaction of ingredient × phytase for AIPD (P > 
0.05). AIPD was affected by phytase (P < 0 .01) but not by ingredient (P 
= 0 .48) . Phytase main effect indicated AIPD values of 43 .4, 64 .9, 69 .6, 
73.7, 72.9 and 82.7% for 0, 250, 500, 750, 1,000 and 2,000 FTU/kg of 
diet, respectively. Phytase effect was quadratic for both ingredients (P 
< 0.01). A significant (P < 0.01) ingredient × phytase interaction was 
found for BAP . Supplementing phytase to the SBM diet did not affect 
BAP (P > 0.05), while phytase significantly improved BAP at 250 FTU/
kg and beyond for the RB diet. Phytase effect on BAP was quadratic 
for RB (P < 0 .01) . In summary, phytase supplementation of SBM and 
RB diets with similar PP content resulted in similar AIPD but different 
BAP response which could be attributed to differences in Ca content 
used to maintain Ca:P ratio .

Key Words: soybean meal, rice bran, phytase, P digestibility
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259   Bioavailability of methionine sources. Letícia Soares*1, 
Fernando Andres Prado Antayhua1, Nilva Kazue Sakomura1, Ariane 
Helmbrecht2, and Nei André Arruda Barbosa3, 1Universidade 
Estadual Paulista, Jaboticabal, São Paulo, Brazil, 2Evonik Indus-
tries, Hanau, Wolfgang, Germany, 3Evonik Industries, São Paulo, São 
Paulo, Brazil.

The importance of the biological efficacy (BE) of methionine sources 
has been the subject of debate among nutritionists, because its pre-
cise estimation can optimize growth and economic parameters of the 
animals . This study aimed to determine the bioavailability 2-hydroxy-
4methylthio-butanoic acid 84% (MHA-Ca) in relation to dl-Methionine 
(dl-Met). Two trials were conducted, the first from 1 to 21d and the 

second from 22 to 42d, using 1890 birds in each trial. The animals were 
distributed in a complete randomized block design with 9 treatments 
and 7 replicates each, totalizing 63 pens each with 30 birds. The treat-
ments consisted on a basal diet (Met+Cys deficient), and 4 levels of each 
methionine source (dl-Met, MHA-Ca). Body weight gain (BWG), feed 
intake, and feed conversion ratio (FCR) were measured at 21 and 42 d. 
Furthermore, carcass yield (CY), breast yield (BY) and abdominal fat 
(AF) was also evaluated at 42 d. By means of multi-exponential regres-
sion, the BE MHA-Ca was determined relative to dl-Met 99%. These 
analyses were performed for the BWG and FCR for both growth stages, 
while CY, BY and AF only for the latter phase. Data for the different 
phases were regressed separately and are presented in Table 1.

Table 1 (Abstract 259) . Bioefficacy for each variable for exponential regression analysis

Variable Model
BE dl-Met 

(%)
BE MHA-Ca 

(%)
IC 
(%)

1 to 21 d    
 BWG Y = 593.70 + 277.80 × (1 – e – (28.075 × DLM + 15.952 × MHA-Ca)) 100 56 .82 46–67
 FCR Y = 1.45 – 0.2154 × (1 – e – (16.218 × DLM + 10.956 × MHA-Ca)) 100 67 .52 53–81

22 to 42 d    
 BWG Y = 1833.1 + 279.6 × (1 – e – (11.132 × DLM + 6.632 × MHA-Ca)) 100 59 .58 17–101
 FCR Y = 1.844 + 0.247 × (1 – e – (9.878 × DLM + 6.452 × MHA-Ca)) 100 65 .32 48–82
 CY Y = 74.914 + 2.592 × (1 – e – (8.218 × DLM + 3.976 × MHA-Ca)) 100 48 .38 5–91
 BY Y = 23.508 + 5.460 × (1 – e – (5.546 × DLM + 3.131 × MHA-Ca)) 100 56 .47 29–84
 AF Y = 2.246 + 0.573 × (1 – e – (8.063 × DLM + 7.813 × MHA-Ca)) 100 96 .89 3–191
Significant differences in BE of MHA-Ca compared with dl-Met were apparent for productive variables of highest economic importance: FCR, 
CY, and BY .

Key Words: methionine, bioefficacy, dl-methionine, MHA-Ca, 
broiler

260   A comparison of equations to depict and predict nutri-
tional kinetics. Runlian L . Wang*1,2, Rashed A . Alhotan2, Lynn 
Billard2, and Gene M . Pesti2, 1Department of Animal science, Guang-
dong Ocean University, Zhanjiang, Guangdong, China, 2Departments 
of Poultry Science and Statistics, The University of Georgia, Athens, 
GA.

The objective of the study was to compare 9 different models for depict-
ing nutritional response kinetics using lysine dose-response data from 
53 experiments originating from 17 publications over the past 12 years . 
The models compared were linear regression (LR), quadratic regres-
sion (QP), broken line with linear (BLL) or quadratic (BLQ) ascending 
portions, saturation kinetics (SK), a 3-parameter logistic (Log 3), a 
4-parameter logistic (Log 4), a sigmoidal (Robbins, Norton and Baker; 
RNB 1) and an exponential (RNB 2) model. The workbook NRM.xls 
(http://pubs.caes.uga.edu/caespubs/ES-pubs/RB440/RB-440.htm) was 
chosen as the statistical framework to model weight gain responses 
and the chi-squared value (Qm) statistics, coefficients of determination 
(R2) and the sum of total residuals squared (SSR) were used as bases to 
compare the models . All data sets could be best described by nonlinear 
response effects. There was little difference in R2, SSR or Qm between 
the models for most data sets . The highest average R2 was 87.45% for QP, 
followed by 86.33% for Log 4 and 85.58% for the SK model.The lowest 

SSR was for the Log 4 (1521.7), followed by RNB 1 and the SK models 
(1551.8 and 1632.1, respectively). The lowest Qm was found for RNB1, 
SK, BLL and QP models (1 .61, 1 .77, 1 .91 and 1 .91, respectively) . If the 
number of data sets best fit (or tied for best) by the models R2 values, the 
RNB 1 model was superior for 17 data sets, followed by the QP (14), 
SK (13), BLL and Log 4 (11), BLQ (10), Log 3 (2), LR and RNB 2(0) . 
There was no clear advantage to fitting any particular model to all the 
data sets, while the LR and RNB 2 were the least well-fitting models 
for nutritional response data . Most responses could be best described 
by models with a smooth transition from ascending segment to plateau.

Key Words: broiler, lysine, requirement, model, comparison

261   Comparative efficacy of 2-hydroxy-4-methylthio-butanoic 
acid (HMTBA) relative to dl-methionine for laying hens fed on 
medium or low nutrient under ad libitum feeding regimen. Jian 
M . Wan*, Xue M . Ding, Jian P . Wang, Shi P . Bai, Huan W . Peng, Yu 
H . Luo, Zhuo W . Su, Yue Xuan, and Ke Y . Zhang, Animal Nutrition 
Institute, Sichuan Agricultural University, Chengdu, Sichuan, China.

In practice, practical diets are usually used to compare dl-methionine 
(DLM) with dl-2-hydroxy-4-methylthio-butanoic acid (HMTBA) in 
field conditions. For this reason, this study using practical diets were 
carried out to investigate the effect of relative efficacy of HMTBA for 
laying hens provided with a medium or low nutrient level diet on egg 
production and quality. A total of 1,500 Lohmann Layers (31-wk-old) 
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were assigned to 10 treatments in a completely randomized design, with 
10 replicate per treatment and 15 hens per replicate. The efficacy of 
HMTBA relative to DLM was set at 80, 84, and 88% (wt/wt), therefore 
0, 0.118, 0.112, 0.107% of HMTBA and 0.094% of DLM were added 
to a low nutrient level basal diet (AMEn 10.3 MJ/kg, Dig Lys 0.61%, 
Dig Met 0.19%) and 0, 0.130, 0.124, 0.118% of HMTBA and 0.104% 
of DLM were added to a medium nutrient level basal diet (AMEn 11.3 
MJ/kg, Dig. Lys 0.67%, Dig. Met 0.22%). During the experiment period 
(31 to 43 wk), hens were fed ad libitum. All data were analyzed using 
the GLM procedures of SAS (SAS Institute Inc., Cary, NC) as a 2-way 
ANOVA (2 dietary nutrient levels × 5 methionine supplementation 
levels). Contrast statements were used to test the significance between 
HMTBA and DLM within each dietary nutrient level. Egg production 
rate, ADFI, egg weight, egg mass and feed conversion ratio significantly 
declined due to methionine deficiency (P < 0.01). There was no differ-
ence (P > 0.05) between HMTBA treatment and DLM on egg production 
and egg quality parameters (eggshell weight, eggshell thickness, eggshell 
strength, yolk color, eggwhite height or Haugh unit) within each dietary 
nutrient level. In conclusion, HMTBA supplementation (as efficacy 
of 88% relative to DLM on weight basis) can be used as an effective 
methionine source in field condition regardless of dietary nutrient level.

Key Words: laying hen, methionine, 2-hydroxy-4-methylthio-buta-
noic acid, egg quality

262   Evaluation of the tryptophan requirement of small-framed 
first cycle laying hens. Jinlei Wen*1, Ariane Helmbrecht2, Michael 
Elloit3, John E . Thomson2, and Michael E . Persia1, 1Virginia Tech, 
Blacksburg, VA, 2Evonik, Kennesaw, GA, 3A&E Nutrition Services 
LLC, Lancaster, PA.

Tryptophan is an essential amino acid, required for protein synthesis, 
and several metabolic processes in laying hens. Although required, the 
literature is mixed if tryptophan is considered the third or fourth limiting 
amino acid for laying hens and research on the tryptophan requirement 
in laying hens has been limited. The purpose of this experiment was to 
evaluate the tryptophan requirement of first cycle laying hens from 41 to 
60 wk of age. In total, 270 Hy-line W36 laying hens were randomly allo-
cated to 6 treatments with 15 replicates of 3 birds for each experimental 
unit. Hens were maintained 3 to a cage (72 sq in/bird) in a multi-teared 
A-frame cage system within an environmentally controlled building. 
Hens were provided a 16:8 light schedule and 70 to 80°F temperature 
program. A tryptophan deficient basal diet was formulated with corn, 
corn gluten meal and soybean meal with determined tryptophan, lysine 
and crude protein concentration of 0.096, 0.873, and 15.0%, respectively. 
Synthesized l-tryptophan was supplemented to the basal diet in 0.020% 
increments to generate experimental diets containing 0 .096, 0 .116, 
0.136, 0.156, 0.176, and 0.196% tryptophan respectively. Hens were 
provided a controlled amount of feed daily resulting in approximately 
95g/hen/d. The diet containing the lowest concentration of tryptophan 
resulted in reduced egg production and was halted at 45 weeks due to 
low performance with all other dietary treatments reaching the conclu-
sion of the experiment at 60 weeks of age. Hen-housed egg production 
(HHEP) and mortality were monitored daily. Eggs were collected on 2 
continuous days each week for feed conversion ratio (FCR) calculations 
and egg quality analysis. Single-slope broken line, multi-slope broken 
line and quadratic regression were used to estimate tryptophan require-
ment based on HHEP of the remaining 5 dietary treatments . Based on 
HHEP, optimum tryptophan requirement was 154.0, 142.8 and 193.7 
mg/hen/d (single-slope broken line regression: Y = 80.86 + 0.4871(X 
− 154.02), R2 = 0.85; multi-slope regression: Y = 3.127 + 0.5135X − 

0.3997(X − 142.8), R2 = 0.85; quadratic regression: Y = −0.003046X2 
+ 1.1802X − 32.33, R2 = 0 .85) .

Key Words: laying hen, tryptophan, egg production, first cycle

263   Effect of dietary leucine supplementation on growth and 
muscle mass in broilers. Johanna O . Zeitz1, Behnam Saremi*2, 
Stella C . Käding1, and Klaus Eder1, 1Justus-Liebig University 
Giessen, Institute of Animal Nutrition and Nutritional Physiology, 
Giessen, Hessen, Germany, 2Evonik Nutrition & Care GmbH, Hanau-
Wolfgang, Hessen, Germany.

Leucine can exert positive effects on body muscle mass by stimulat-
ing protein synthesis and/or reducing protein degradation as shown in 
newborn animals and human patients. We aimed to evaluate effects of 
Leu on growth and muscle mass in broilers. Male Cobb 500 broilers (n 
= 240, 39 ± 3.3g) were allocated to 30 cages and 3 groups. Basal diets 
(group L0) were corn-soybean meal-based and met Evonik (AMINO-
Chick 2.0) requirements for Leu, Ile and Val during d 1–10, 11–21 and 
22–35. Leu was supplemented to exceed requirements by 40% (group 
L1) and 70% (group L2), and Ile and Val concentrations were increased 
accordingly to keep Leu:Ile and Leu:Val ratios . After 10, 21 and 35 d, 
body weight and feed intake were recorded, and 15 birds per group 
were slaughtered and carcass and breast meat yields were recorded. 
The data were analyzed by ANOVA with experimental group as fixed 
effect. Body weights at d 35 (2,298 ± 150, 2,326 ± 168, and 2,251 ± 177 
g for L0, L1, and L2) and daily gains did not differ between groups (P 
> 0.1). Likewise, daily feed intake was similar in all groups during the 
35 d-period (90.6 ± 4.4, 91.7 ± 3.2 and 91.7 ± 3.9 g/d for L0, L1, and 
L2, P = 0 .90), and during all 3 feeding phases (P > 0 .1) . The feed:gain 
ratio was similar during the 35-d growth period (1.44, 1.43 and 1.45 in 
L0, L1 and L2) (P = 0 .56), and during d 1–10 (P = 0 .30) and d 21–35 
(P = 0.95). During d 10–21, the feed:gain ratio in group L1 was lower 
(1.24 ± 0.03) compared with L0 (1.28 ± 0.02) and L2 (1.28 ± 0.03) (P = 
0.024). After 10 d, carcass weights and dressing percentage were lower 
in L2 compared with L1 and L0 (P < 0.05). At d 35, carcass weights were 
higher (P < 0.1) in L1 (1,675 ± 101 g) compared with L2 (1594 ± 75g), 
and L0 was intermediate (1,657 ± 32 g), however, dressing percentage 
was similar in all groups (P = 0.80). Breast meat (% of carcass weight) 
at d 35 was higher (P < 0.1) in L1 (28.6 ± 1.1%) than in L2 (26.3 ± 
2.6%), and L0 (27.6 ± 2.1%) was intermediate. In conclusion, a positive 
effect on growth and muscle mass due to moderate Leu supplementation 
could be demonstrated .

Key Words: leucine, branched-chain amino acids, growth perfor-
mance, muscle growth, chickens

264   Dietary methionine deficiency is associated with the bone 
remodeling in meat-type chickens. Samuel E . Aggrey1, Marie C . 
Milfort1, Romdhane Rekaya1, and Behnam Saremi*2, 1Poultry Sci-
ence Department, University of Georgia, Athens, GA, 2Evonik Nutri-
tion & Care GmbH, Hanau-Wolfgang, Hessen, Germany.

Methionine is a sulfur-containing essential amino acid that plays many 
significant roles in the body including protein biosynthesis, immune 
modulation, antioxidant levels and wellbeing. In a typical poultry 
corn-soy diet, methionine is the first limiting amino acid and needs to 
be supplemented in the diet . Even though methionine use in poultry 
diets is extensive, the molecular control of dietary methionine remains 
to be elucidated. We used RNA-Seq to study global transcriptomics in 
the pectoralis (P .) major of meat-type chickens from hatch until 10 d 
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of age (starter phase). Cobb 500 male chickens (n = 900) were fed a 
diet deficient in Met+Cys (0.77% in starter phase) or the deficient diet 
supplemented with either LMET, DLMET or MHA-FA (equimolar 
comparison). Fold change of ≥1.5 and false discovery rate of ≤0.05 
were used as criteria for differentially expressed genes (DEGs). In the 
P. major at d 10, there were 287, 384 and 283 DEGs in the group fed 
MET deficient diet compared with the LMET, DLMET and MHA-FA 
groups, respectively. A major pathway that was activated when all 3 
methionine isomers were compared with the deficient group was the 
osteoclast differentiation pathway. Among the differentially expressed 
genes were FHL2, PPARG, CSF1R, CYBA, PIK3CD, SP11, TNFSF11, 
BTK, and SLP76, SQSTM1, NCF1, and FOSL2 . It is thought that dietary 
methionine deficiency elicit inflammatory reaction that activate the 
osteoclast differentiation pathway. Osteoclasts originates from the hema-
topoietic monocyte-macrophage lineage responsible for bone resorption . 
Increased osteoclast resorption can affect bone quality leading to bone 
fractures, which has animal welfare implications.

Key Words: methionine, HMTBA, RNA-Seq, chicken

265   Dietary methionine deficiency is associated with the 
inflammatory bowel disease pathway in meat-type chickens. 
Samuel E . Aggrey1, Marie C . Milfort1, Romdhane Rekaya1, and 
Behnam Saremi*2, 1Poultry Science Department, University of Geor-
gia, Athens, GA, 2Evonik Nutrition & Care GmbH, Hanau-Wolfgang, 
Hessen, Germany.

Methionine (MET) is the first limiting amino acid in a typical poultry 
diet. Restriction of dietary MET affects protein biosynthesis, feed effi-
ciency and body composition . The molecular mechanisms that underlie 
such restrictions remains to be elucidated . We studied the molecular 
mechanisms that underlie dietary MET restrictions in broiler chickens 
from hatch until 10 d of age in the Pectoralis major muscle using next 
generation sequencing. Cobb 500 male chickens (n = 900) were fed a diet 
deficient in Met+Cys (0.77% in 0–10 d starter phases) or the deficient 
diet supplemented with either LMET, DLMET or MHA-FA (equimolar 
comparison). Fold change of ≥1.5 and false discovery rate of ≤0.05 were 
used as criteria for differentially expressed genes (DEGs) . The major 
biological processes were immune response, regulation of immune 
response and regulation of T cell activity . The gene ontology molecular 
functions were signal receptor activity, transmembrane signaling, and 
receptor activity. Most significant cellular component was related to 
extracellular matrix, collagen type IX trimer, proteinaceous extracel-
lular matrix and components of membrane. Among the major pathways 
inhibited or activated during dietary MET deficiency in chickens were 
inflammatory bowel disease (IBD), hematopoietic cell lineage, T cell 
receptor signaling pathway, Cytokine-cytokine receptor interaction, 
and B cell receptor signaling pathways. Inflammatory bowel disease is 
characterized by chronic inflammation of the gastrointestinal tract due 
the dysregulated immune system . Differential expression of TLR and 
ILs, STAT4, and AP1 elicit cascade of events that leads to IBD . When 
the LMET was compared with either DLMET or MHA-FA isomers, 
the differential pathways were dilated cardiomyopathy, hypertrophic 
cardiomyopathy and adrenergic signaling in cardiomyocytes . Among 
the differentially expressed genes between DLMET and HMA-FA were 
NFA1P2, HMGB2, DCP1B, glycoprotein Ib, and GP1BB . Suboptimal 
dietary MET compromises the immune function of birds that leads to 
inflammation in the digestion system.

Key Words: methionine, HMTBA, RNA-seq, chicken

266   Effect of dietary supplementation of either dl-methionine 
or dl-methionine hydroxy analogue on the antioxidant system in 
broilers. Johanna O . Zeitz1, Behnam Saremi*2, Sarah Mohrmann1, 
Lukas Fehse1, and Klaus Eder1, 1Justus-Liebig University Giessen, 
Institute of Animal Nutrition and Nutritional Physiology, Giessen, 
Hessen, Germany, 2Evonik Nutrition & Care GmbH, Hanau-Wolf-
gang, Hessen, Germany.

Methionine (Met), a precursor of the antioxidant glutathione (GSH), may 
influence the animal’s antioxidant defense. Therefore, the question was if 
different dietary Met concentrations and 2 Met sources, dl-Met (DLM) 
and dl-2-hydroxy-4-(methylthio) butyric acid (DL-HMTBA), modify 
oxidative stress-related parameters in broilers . Male Cobb 500 broilers 
(n = 336) were allocated to 42 cages and 7 groups. Wheat and soybean 
meal-based basal diets deficient in Met+Cys (0.76, 0.64, and 0.58% 
during d 0–10, 11–21 and 22–35, respectively) were either not supple-
mented (Control group) or supplemented with DLM or dl-HMTBA at 
0.1, 0.25 and 0.4% (equimolar comparison). After 10, 21 and 35 d, body 
weight and feed intake were recorded and plasma and liver samples were 
collected (n = 6 per group) and analyzed for GSH, thiobarbituric acid 
reactive substances (TBARS) (photometry) and tocopherol (HPLC) . 
Tocopherol and TBARS concentrations were related to triglycerides. 
The data were analyzed by ANOVA (fixed factors: Met source, Met 
concentration, interaction). Feed intake and weight gain increased and 
the feed:gain ratio improved in response to Met supplementation . The 
relative efficacy of dl-HMTBA for feed:gain ratio was 86% of that 
of DLM (regression analysis) . Overall, concentrations of tocopherol, 
TBARS and GSH were not influenced by Met source, but by Met concen-
tration . Plasma tocopherol concentrations in Met-supplemented groups 
were similar (d 10), partly higher (d 21), or higher (d 35) compared with 
the Control. Plasma TBARS were similar after 21 and 35 d, but lower 
in all Met-supplemented groups compared with the Control at d 10. In 
liver, GSH was higher in the groups receiving 0.25 and 0.4% Met and 
tocopherol was partly higher in Met-supplemented groups compared 
with the Control, whereas TBARS concentrations were similar in all 
groups . In conclusion, the dietary Met level, but not the source, may 
influence the antioxidant defense system in healthy broilers.

Key Words: dl-methionine, methionine hydroxy analogue, oxidative 
stress, antioxidant defense system, chicken

267   Evaluation of the effects of supplementation with methio-
nine and/or betaine on broiler meat quality. Silvana C . Caldas, 
Tamara Z. Ferreira, Eveline Berwanger, Vladimir P. Nascimento, 
Sergio L . Vieira*, and Liris Kindlein, Universidade Federal do Rio 
Grande do Sul, Porto Alegre, RS, Brazil.

The modern poultry sector technologies increased the possibilities of 
use alternative agro industrial products to reduce the final cost of diet. 
Betaine has been used as a source of sparing methionine in the feed of 
broilers because of the price but it also helps in the regulation of cell 
function, especially in stress phases . This study aimed to evaluate the 
effects of substitution of methionine by betaine supplementation on 
meat quality parameters (pH, cooking loss, water-holding capacity, 
color [lightness (L*), redness (a*) and yellowness (b*)], shear force 
and firmness) of 1,920 Cobb × Cobb 500 male broilers distributed 
into 8 treatments with 12 replications of 20 birds each until 35 d old. 
The treatments were positive control (77% AA sulfur: lysine), Without 
supplementation of sulfur (dl-methionine) and betaine, 80% sulfur: 20% 
betaine, 60% sulfur: 40% betaine, 40% sulfur: 60% betaine, 20% sulfur: 
80% betaine, 0% sulfur: 100% betaine and 0% sulfur: 120% betaine. 
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The general linear model (GLM) procedures of SAS was used to analyze 
the data and means were separated by Tukey’s test when significant (P 
< 0.05). According to the results, there was not significant difference 
for the parameters cooking loss, water-holding capacity, shear force 
and firmness. However, the effect of betaine were significant differ in 
b* value that presented low values in 60:40 (7.23), 40:60 (7.10), 20:80 
(7.09), 0:100 (7.03) and 0:120 (6.24) when compared with positive 
control (9 .57) .

Key Words: betaine, breast meat quality, broiler

268   Replacing supplemental dl-methionine by betaine effects 
on the occurrence of breast myopathies. Leticia S . Gross, Tamara 
Z. Ferreira, Eveline Berwanger, Vladimir P. Nascimento, Sergio L. 
Vieira*, and Liris Kindlein, Universidade Federal do Rio Grande do 
Sul, Porto Alegre, Rio Grande do Sul, Brazil.

Studies have been conducted to assess the use of betaine with broilers 
with attention on carcass quality issues. This is an osmolyte and methyl 
donor frequently used in broiler nutrition. This study aimed evaluate the 
effects of replacing supplemental dl-Met by betaine on the occurrence of 
wooden breast and white stripping using broilers slaughtered at 35 d of 
age. 1,920 Cobb male broilers were randomly assigned into 8 treatments 
with 12 replicates of 20 birds each. Treatments were partial replace-
ments of dl-Met by betaine in diets having TSAA ratio to dig . Lys as 
0.77 as follow: Positive control – PC 100% supplemented with dl-Met; 
a negative control – NC (without dl-Met or betaine supplementation; 
80:20–80% dl-Met: 20% betaine; 60:40–60% dl-Met: 40% betaine; 
40:60–40% dl-Met: 60% betaine; 20:80–20% dl-Met: 80% betaine; 
100–100% betaine and 120–120% betaine. Birds per experimental 
unit where randomly taken (12) and breast fillets (pectoralis major) 
were macroscopic analyzed for the presence of myopathies. Results 
showed the occurrence of breast fillets without WB condition higher in 
PC (16.67%) when compared with WB occurrence in other treatments 
(without supplementation- 9.09%; 80:20/20:80/0:100/0:120- 8.33% and 
60:40/40:60 that was characterized by the absence of normal fillets). 
In relation to WS, 120 treatment had a higher prevalence (41.67%) of 
breast fillets without this myopathy, and better results on the associa-
tion of WB/WS myopathies with 50% fillets classified with only one of 
this myopathies. However, 60:40 and 40:60 treatments had the highest 
(100%) occurrence of the association of both myopathies. Analyzing the 
occurrence of those myopathies according to the body weight (BW) and 
growth rate (GR), the treatment PC had a higher BW/GR (2,494/824) 
and better results for fillets without WB. For the occurrence of WS, 
better results were in 120% associated with the low BW in this treat-
ment (2.213). According to the results, we can conclude that 120% of 
betaine supplementation has shown positive effects in reduction on the 
occurrence of WS and in the WB/WS association even with a differ-
ence in BW .

Key Words: broiler, betaine, myopathies, supplementation

269   Dietary methionine sources and levels affect sulfur amino 
acid metabolism in broiler breeder hens. Jian M . Wan*, Xue M . 
Ding, Jian P . Wang, Shi P . Bai, Huan W . Peng, Yu H . Luo, Zhuo W . 
Su, Yue Xuan, and Ke Y . Zhang, Animal Nutrition Institute, Sichuan 
Agricultural University, Chengdu, Sichuan, P. R. China.

The objective of the study was to investigate the effects of dietary 
methionine source and level on plasma free amino acids patterns and 
expression of genes involved in hepatic methyl group metabolism in 
broiler breeder hens . A total of 2184 Da Hen 699 broiler breeder hens 

(29 wk, a local color-feathered breed in China) were assigned to 13 
dietary treatments in a completely randomized design, with 8 replicates 
per treatment and 21 hens per replicate . The 13 treatments included 1 
diet without any dl-methionine (DLM) or 2-hydroxy-4-(methylthio) 
butanoic acid (HMTBA) and 12 additional treatments with 2 methionine 
sources (DLM and HMTBA) and 6 supplemental levels of each source 
(0.05, 0.10, 0.15, 0.20, 0.25, and 1.00%) in a 2 × 6 factorial arrange-
ments. All data was first subjected to 1-way ANOVA using the GLM 
procedures of SAS, then analyzed as a 2-way ANOVA excluding the 
basal treatment. Contrast statements were utilized to test the significance 
of both linear and quadratic terms for methionine supplemental level. No 
differences were observed among dietary treatments for broiler breeder 
performance criterion. Higher methionine concentration was measured 
in the plasma obtained from DLM supplemented hens compared with 
those from HMTBA supplemented. Plasma alanine concentration was 
significantly affected by methionine level, and linearly increased as 
DLM or HMTBA supplemental level increased. There was a linear 
increase in concentrations of proline, tyrosine, phenylalanine, and 
serine as dietary DLM supplemental level increased . Plasma aspartate 
concentration was higher in hens fed HMTBA diet than those fed DLM 
diet. Hens treated with DLM had higher relative expression of ADA 
than those fed HMTBA . As methionine supplemental level increased, 
relative expression of ADA changed quadratically. There was a linear 
increase for GNMT expression as dietary DLM supplemental level 
increased. In conclusion, HMTBA and DLM were equivalent sources of 
methionine . The effects of HMTBA on plasma free amino acid patterns 
and the expression of hepatic genes involved methionine metabolism 
are different from DLM .

Key Words: methionine, methionine hydroxyl analogue, sulfur 
amino acids metabolism, plasma free amino acid

270   Examining the effect of high dietary calcium on ileal 
endogenous amino acid losses and standardized ileal amino 
acid digestibility in broilers. Sunday A . Adedokun*1, Anthony J . 
Pescatore1, Michael J . Ford1, Jacqueline P. Jacob1, and Tuoying Ao2, 
1Department of Animal and Food Sciences, University of Kentucky, 
Lexington, KY, 2Alltech Inc., Catnip Pike, Nicholasville, KY.

Previous studies showed that broilers (BR) generally have higher stan-
dardized ileal amino acid digestibility (SIAAD) values than laying hen 
(LH). In most of these studies, dietary calcium (Ca) was not adjusted to 
reflect Ca need for LH. Hence, the objective of this study was to evalu-
ate the effect of adequate (met BR requirement, 1%) and high (met LH 
requirement, 3.2%) Ca levels on ileal endogenous amino acid losses 
(IEAAL) and SIAAD in 21 d-old BR fed nitrogen-free diet (NFD) and 
distillers dried grains with solubles (DDGS)-based diets, respectively. 
Each of the diets was fed for 5 d. A total of 384 Cobb 500 BR were 
used in this study which was conducted as a completely randomized 
design (CRD) with 16 replicate cages of 6 birds/cage. All birds had 
access to feed and water on an ad libitum basis. IEAAL and apparent 
ileal digestibility (AID) values of AA were analyzed using the GLM 
procedure of SAS appropriate for a CRD while the SIAAD values were 
analyzed using the GLM procedure of SAS appropriate for a 2 × 2 facto-
rial arrangement of treatments. IEAAL and N losses (mg/kg DMI) were 
higher (P < 0.05) when NFD with high Ca level was fed (total AA was 
39% higher; N was 35% higher). AID for AA was higher (P < 0 .05) in 
BR fed DDGS-based semi- purified diet with high Ca level except for 
Arg, Lys, Met, Cys, Ser, and Tyr. There was no interaction (P > 0 .05) 
between dietary Ca level and method of standardization, but high dietary 
Ca resulted in higher (P < 0 .05) SIAAD for all AA except for Arg, Lys, 
Met, Cys, and Tyr. Although SIAAD values were numerically higher 
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when correction was done using IEAAL from birds fed NFD with high 
Ca, there was no effect of method of correction on SIAAD values for 
all AA. In conclusion, feeding NFD with higher Ca resulted in higher 
IEAAL while DDGS diet with high Ca resulted in higher AID values. 
Finally, SIAAD values was significantly increased when correction 
was done using IEAAL from birds fed NFD containing high Ca level.

Key Words: broiler, endogenous amino acid loss, apparent digestibil-
ity, standardized digestibility

271   Comparison of three levels of amino acid density on sex 
separate broiler performance and processing characteristics. 
Sandro Cerrate*, Kim Walter, Benton Hudson, Alejandro Corzo, and 
Bryan Fancher, Aviagen Inc., Huntsville, AL.

The effect of 3 levels of amino acid density on growth performance and 
carcass characteristics were studied in female and male Ross YPx708 
broilers from 0 to 62 d of age. Six dietary treatments were completely 
randomized and arranged as a 2 × 3 factorial with 2 sexes (male and 
female) and 3 feeding phases that consisted of control diets based on 
Aviagen amino acid recommendations (2014) coded as “A,” diets with 
15% less amino acids than diets A (A-15%), and diets with 15% more 
amino acids than diets A (A+25%). Each treatment was replicated 24 
times and with 12 chicks per replicate. Across all ages, except at 62 d 

of age, chickens fed diets A or A+15% had higher weights than those 
fed diets A-15%, and the increments were more pronounced with males 
than with females. At 62 d of age, straight-run chickens fed diet A 
were heavier than those fed diet A-15% and birds fed diet A+15% had 
intermediate weights. Across all ages, chickens fed diet A or A+15% 
had similar weights, and males were heavier than females. During all 
periods, the feed conversion ratio was improved as amino acids were 
elevated (A-15% > A > A+15%), and the improvements were more 
pronounced with males than with females at 24, 39 and 47 d of age. 
Males had better cumulative feed conversion than females at 24 d and 
thereafter. Livability was not affected due to diets or sex. At 48 d of age, 
male birds fed diets A+15% resulted in smaller carcass yield than those 
fed diets A, whereas female carcass yield was not influenced by amino 
acids. At 55 d, the carcass yield was progressively enhanced by adding 
amino acids . At 55 and 62 d, males had better carcass yield than females . 
At 48, 55, and 62 d of age, straight-run birds fed diets A or A+15% had 
better breast yield than those fed diets A-15%. Males at those ages had 
higher thigh and drum yields than females, whereas females had higher 
breast and abdominal fat yields than males . The results of this study 
suggest that amino acid recommendations for both male and female 
chickens might be advised similarly and diets A sufficed for optimizing 
performance of most variables evaluated .

Key Words: amino acid, sex, broiler, carcass characteristics
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272   Cereal type and AME content affects broiler performance. 
Marta Martínez-Mora1, David Solà-Oriol1, Roser Sala1, Gemma 
González-Ortiz*2, Michael R . Bedford2, and José F . Pérez1, 1Servei 
de Nutricio i Benestar Animal (SNiBA), Department de Ciencia 
Animal i dels Aliments, Universitat Autonoma de Barcelona (UAB), 
Barcelona, Spain, 2AB Vista, Marlborough, United Kingdom.

A total of 448 1-d-old broiler chicks (Ross 308) were distributed by initial 
BW in a 2 × 2 factorial arrangement with cereal type (wheat; W vs corn; 
C) and AME content (high vs low) as main factors. Starter (s; 1 to 21d; 
22.9% CP and 1.25% Dig Lys) and grower (G; 22 to 42d; 19.9% CP 
and 1.05% Dig. Lys) diets were formulated to contain 3.05 or 2.9 Mcal/
kg and 3.2 or 3.05 Mcal/kg has high and low energy diets respectively. 
Feed was offered ad libitum in mash form. All diets were ground through 
a 0.5 mm screen and feed particle size distribution was determined as 
% of particles ≥2.0 mm, ≥ 1 mm, ≥ 0.75 mm, ≥ 0.5 mm and ≤0.5 mm 
and average particle size (Dgw). Birds were group weighted and feed 
disappearance recorded at 1, 21 and 42 d; feed intake (FI) and weight 
gain (WG) were measured and feed gain ratio (FGR) was calculated. 
Data were analyzed by ANOVA with cereal source and AME content 
as main factors. Wheat diets showed a higher Dgw (988W vs 768C μm) 
and corn diets had a larger % of particles that were less than 500 μm 
(18%W vs 24%C). For the S period, higher BW and WG (P < 0.05) were 
observed in birds with High AME diets, but no cereal effects were noted 
(P > 0.10). However, birds fed the W diets had a higher FI and WG (P 
< 0 .05) in the G, and for the entire period (S+G) . A positive effect on 
WG was also observed for the animals fed high AME content diets in 
the G period. However, the higher FI for the entire period observed for 
the animals fed the W diets, regardless for the AME content in the diet 
is possibly a result of the larger particle profile and distribution between 
W and C . It is concluded that particle size in broiler diets ground at Ø = 
5 mm depends on cereal type, and this may affect broiler performance . 
Moreover, the increase in the dietary AME contented from 2 .9 to 3 .05 
Mcal/kg in S period, and from 3.05 to 3.2 Mcal/kg in G period also 
has a positive effect on performance, independent of the cereal type .

Key Words: corn, wheat, AME, particle size, broiler performance

273   The interaction of varying metabolizable energy levels 
and broiler strains on growth performance and processing yield. 
Garrett J . Mullenix*1, Katie M . Hilton1, Justina Caldas1, Michael 
Schlumbohm1, Judith A . England1, Antonio Kalinowski2, and Craig 
N . Coon1, 1University of Arkansas-Poultry Science, Fayetteville, AR, 
2Evonik Nutrition & Care GmbH, Hanau, Germany.

Genetic progress in broilers has led to larger, leaner birds with an 
unknown metabolizable energy requirement. The objective was to 
establish how 2 modern broilers respond to dietary energy supply. Body 
weight (BW), average daily gain (ADG), feed conversion ratio (FCR), 
processing yields and protein turnover were evaluated. Two thousand 
25 Cobb MX × Cobb 500 and Ross YP × Ross 308 were placed in 90 
pens (n = 45 birds/pen) for the present study. Commercial starter and 
grower feed were fed from 1 to 10 d and from 11 to 21 d, respectively. 
Five experimental finisher diets were fed from 22 to 42 d in pellet form 
(9 replicates per strain/diet). The test diets were formulated to different 
AMEn levels: 2,800, 2,925, 3,050, 3,175, and 3,300 kcal/kg. All diets 
were formulated to AMINOChick2 recommendations, with dLys set at 
1.00% and other amino acids set as a ratio to dLys: Met+Cys, 0.76; Thr: 

0.65; Val: 0.80; Ile: 0.71; Arg: 1.05, and Trp: 0.16. Birds were weighed 
and FCR determined at 10, 21, 35 and 42d. At 42d 90 birds per strain/
diet were processed. There were no strain X dietary energy interactions 
for any performance perimeters. There were significant differences from 
strain (P = 0 .0479) and diet (P < 0 .0001) for BW at 42 d . At 42 d, the 
broilers formulated to 3,175 AMEn diet showed the highest BW. From 
d 21 to 42, there were significant difference due to strain (P = 0 .001) 
and diet (P < 0.0001) for FCR. The lowest significantly different FCR 
were the broilers fed the 3,175 AMEn diet. As a % of live weight fat 
pad (P < 0.0001), wings (P = 0 .0175), breast (P = 0 .0002) and tenders 
(P < 0.0001) yield were significantly different between strains. Diet also 
significantly affected fat, wings, breast, tender and leg (P < 0 .0001, P = 
0 .0146, P < 0 .0001, P < 0 .0001, and P = 0.0290, respectively) as a % of 
live weight. This trial suggests that broiler strains were less responsive 
to increasing energy levels compared with performance with increasing 
amino acid levels based on BW gain and yield response observed with 
increasing amino acids in other broiler studies .

Key Words: broiler, apparent metabolizable energy, performance, 
processing yield, body weight

274   Diets varying in protein content and indigestible protein 
fractions influence meat yield of broiler chickens. Dervan D . S . 
L. Bryan*, Dawn A. Abbott, and Henry L. Classen, University of 
Saskatchewan, Saskatoon, SK, Canada.

The negative effects of protein fermentation due to high indigestible 
dietary protein fractions have been suggested to result in poor broiler 
performance . This study evaluated the effects of 3 dietary protein levels 
(24, 26 and 28%) with low or high indigestible protein (LIP, HIP) on the 
meat yield of broiler chickens. The trial was completely randomized, 
with a 2 × 3 × 2 factorial arrangement: dietary protein level, dietary 
indigestible protein and sex were the main factors. Ross 308 males (M, 
1,944) and females (F, 2,232) were randomly assigned to 72 litter floor 
pens and fed 1 of 6 diets (24-LIP, 24-HIP, 26-LIP, 26-HIP, 28-LIP, 28 
HIP) for 32 d. All diets were formulated to the same level of digestible 
methionine, had no medication and met broiler grower nutrient specifica-
tions. On d 5, all birds were vaccinated with Coccivac-B52, and on d 32, 
24 birds per treatment were processed for meat yield. Differences were 
considered significant when P ≤ 0.05. Carcass yield was affected by CP 
level (28 > 26 > 24), digestible CP fraction (LIP > HIP) and sex (F > 
M) . Dietary treatments and sex affected breast meat yield . An interaction 
between CP level and protein digestibility resulted in the 28 and 26% 
CP diets with LIP having higher breast yield than the 24% CP diet with 
LIP and all diets with HIP. F had a higher percent of whole breast yield 
compared with M. Breast skin decreased with increasing protein level 
and was higher in females than males. Whole drum weight was higher 
for birds fed LIP diets compared with HIP, with opposite effects on drum 
skin. Birds fed 26 and 28% CP had more drum meat than those fed 24% 
CP. Sex affected thigh weight, and M had more meat and bone, and less 
fat. Wing weight was not affect by treatment. Protein level (28 = 26 > 
24) affected carcass weight after component removal. In conclusion, 
dietary protein level and the ratio of indigestible protein affected broiler 
meat yield when fed nutritionally balance diets.

Key Words: undigested protein, cocci-vaccination, antibiotic-free, 
chicken, meat yield
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275   Effect of flaxseed oil and microalgae DHA-Gold on the 
production performance and fatty acid profiles of egg yolk and 
plasma in laying hens. Mohamed Neijat*, Okeoghene Ojekudo, and 
James D . House, University of Manitoba, Winnipeg, MB, Canada.

The incorporation of n-3 (omega-3) polyunsaturated fatty acids (PUFA) 
in the egg dependent on both the transfer efficiency of preformed dietary 
n-3 fatty acids to the eggs as well as endogenous PUFA metabolism and 
deposition . Using an experimental design consisting of 70 Lohmann 
LSL-Classic hens (n = 10/treatment; 6-wk feeding trial), we examined 
the effect of including graded levels of either flaxseed oil (provider of 
precursor ALA) or DHA-GoldTM S 17B (a source of preformed docosa-
hexaenoic acid, DHA), each at 3 inclusion levels: 0.20, 0.40 and 0.60% 
total n-3s. The control diet was a cereal-based diet practically devoid of 
both ALA and DHA . Study parameters included total and individual n-3s 
in egg yolk, measures of hen performance, eggshell quality, total choles-
terol and fatty acid content of plasma. Data were analyzed as a complete 
randomized design using Proc Mixed procedure of SAS, considering 
each treatment group at 4 levels of total n-3 (with a separate control). No 
significant differences were observed between treatments with respect 
to hen performance, eggshell quality and cholesterol content in plasma 
and egg yolk . Individual and total n-3 PUFAs in the yolk and plasma 
increased (P < 0 .0001) linearly as a function of total n-3 PUFA intake . 
At the highest inclusion levels, DHA-fed hens incorporated 3-fold more 
DHA in eggs compared with ALA-fed hens (179 ± 5.55 vs. 66.7 ± 2.25 
mg/yolk, respectively). In both treatment groups, maximal enrichment 
of total n-3 PUFA was observed by wk 2, declined by wk 4, and lev-
eled thereafter. In addition, accumulation of DHA in egg yolk showed 
linear (P < 0.0001) and quadratic (P < 0.01) effects for flaxseed oil (R2 
= 0 .86) and DHA-Gold (R2 = 0 .93) . The current data provide evidence 
that preformed DHA leads to greater enrichment of n-3 LCPUFA in 
eggs, and serve to highlight potential regulatory aspects explaining the 
limitations in the deposition of endogenously produced n-3 LCPUFA .

Key Words: egg yolk, fatty acid profile, flaxseed oil, DHA-Gold

276   Effect of altering dietary electrolyte balance using sodium 
bicarbonate and potassium carbonate on broiler breeder perfor-
mance and egg shell parameters. John Halley*, Sandro Cerrate, 
Alejandro Corzo, and Bryan Fancher, Aviagen Inc., Huntsville, AL.

A study was performed altering the dietary electrolyte balance (DEB) to 
investigate the effects on broiler breeder performance and egg quality 
parameters. Ross 708 pullets and Ross YPM males were reared accord-
ing to the 2014 Ross body weight standard. At 22 wk of age birds were 
randomly assigned to pens in a curtain-sided building with 3 treatments 
replicated 12 times each (70 hens with 7 males per pen). Treatment 
(Trt.) 1 was formulated to the Ross 2013 Nutrition Specifications. Trt. 
2 was formulated to the same specifications except for the addition of 
sodium bicarbonate, while Trt. 3 utilized sodium bicarbonate as well 
as potassium carbonate. The DEB of the 3 diets was calculated to be 
170, 200, 230 mEq/kg, respectively. Chemical analysis of the feeds 
showed actual values to be 160, 180, and 205. All birds were fed to 
meet their estimated dietary energy needs, from 25 weeks until peak 
feed hens were fed an increasing energy allocation such that peak feed 
energy was attained at 27 weeks, 3 d (60% production). Trts. 2 and 3 
had significantly better egg production for wk 50; otherwise there were 
no differences. Cumulative chicks were lower for Trt. 2 for the last 5 
wk of production. Egg weights were lower for Trt. 3 compared with 
Trt. 1 for wk 43, and Trt. 2 for wk 45. Percent cracked eggs from Trt. 3 
were significantly reduced when compared with the other treatments. 
Specific gravity was sig. better for Trts. 2 and 3 when measured at wk 
36 and 49. Feathering was sig. worse for Trt. 3 from 46 wk until the end 

of production. Mortality was unaffected by treatment. Significant differ-
ences were seen from progeny hatched at 45 and 55 wk of age for body 
weight, FCR, and breast meat yield. Addition of sodium bicarbonate 
and potassium carbonate to increase DEB significantly improved broiler 
breeder performance parameters and measurements of egg quality as 
well as progeny hatched from these hens.

277   Influence of particle size of the main cereal of the diet 
on egg production of brown laying hens. Jorge Herrera1, Beatrix 
Saldaña2, Pilar Guzmán2, Mohammad V . Kimiaeitalab2, and Gonzalo 
G . Mateos*2, 1Camar Agroalimentaria, S.L, Toledo, Spain, 2Depar-
tamento de Producción Agraria, Universidad Politécnica de Madrid, 
Madrid, Spain.

The influence of the geometric mean diameter (GMD) of the main cereal 
of the diet on productivity was studied in hens from 33 to 64 wk of age. 
The experiment was completely randomized with 6 dietary treatments 
arranged as a 3 × 2 factorial with 3 main cereals (barley, corn, and wheat) 
and 2 grinding sizes of the cereal (6 and 10 mm screen). Diets were 
isonutritive. Each treatment was replicated 11 times. Egg production, 
ADFI, egg weight, egg mass, and feed conversion ratio (FCR) were 
calculated by period of 28 d each, as well as for the entire experiment 
(33 to 64 wk of age). Also, egg quality traits (number of dirty, broken, 
and shell-less eggs, proportion of albumen, yolk, and shell, and thick-
ness, strength, and color of the shell) were measured. No interactions 
between main cereal and GMD of the diet were observed for any of the 
traits studied . Diet did not affect feed intake, egg production, FCR, or 
BW gain. Eggs were larger (P < 0 .01) in hens fed the barley diet than 
in hens fed the corn or the wheat diet, probably because of greater level 
of supplemental fat of the barley diet . Dietary treatment did not affect 
any egg quality trait (P > 0 .05) . The GMD of the diet did not affect 
any variable studied. In summary, barley or wheat can substitute the 
corn in diets for laying hens supplemented with enzymes without any 
adverse effect on productivity. Consequently, the election of the main 
cereal of the diet will depend primarily on their relative cost. Within the 
range studied, screen size did not have any effect on hen productivity .

Key Words: barley, corn, laying hen, particle size, wheat

278   Occurrence of mycotoxins in the 2015 US corn crop. G . 
Raj Murugesan*1, Chasity M . Pender1, Ruben Beltran Jr .2, and Ursula 
Hofstetter3, 1Biomin America Inc., San Antonio, TX, 2Biomin USA 
Inc., San Antonio, TX, 3Biomin Holding GmbH, Getzersdorf, Austria.

Mycotoxins are secondary toxic metabolites produced by fungi, exposure 
to which can impair health and adversely affect poultry performance. 
The objective of the current study was to determine the occurrence of 
mycotoxins in the 2015 corn crop in the United States of America and 
to assess the potential risk to poultry species . From September 2015 to 
January 2016, 381 corn samples were collected from 20 states as part 
of the annual Biomin Mycotoxin Survey. Samples were analyzed either 
by high performance liquid chromatography (HPLC) or liquid chroma-
tography tandem mass spectrometry (LC-MS/MS) techniques which are 
highly sensitive in detecting very low mycotoxin concentrations. The 
major mycotoxin groups analyzed were aflatoxins (Afla), zearalenone 
(ZEN), trichothecenes including deoxynivalenol (DON) and T-2 toxin 
(T-2), fumonisins (FUM), and ochratoxin A (OTA). Mycotoxins were 
detected in 94% of the corn samples tested and 50% of the positive 
samples contained more than one mycotoxin . Co-occurrence of myco-
toxins may lead to synergism and enhanced toxicity in animals which 
consume contaminated feed . The percent of positive samples, mean of 
positives (ppb), maximum of positives (ppb), and risk threshold (ppb) 
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for the 6 major mycotoxins are presented in Table 1 . The occurrence of 
Afla, T-2 and OTA were minimal in relation to ZEN, DON, and FUM 
in these samples. The highest threat in these corn samples was posed 
by DON due to its high prevalence and number of samples above the 
FDA recommended level . As a result of their common co-occurrence, 

ZEN also presents a major threat . In terms of occurrence, FUM ranks 
second among the 6 major mycotoxins analyzed in these samples . With 
the increased occurrence and co-occurrence levels in 2015 compared 
with previous year, DON, FUM and ZEN pose a higher risk to livestock 
production in 2016 .

Table 1 (Abstract 278) . Results of the mycotoxin analyses on 2015 US corn samples

Parameter Afla ZEN DON FUM OTA T-2
% Positive 2 14 79 59 1 1
Mean of positive samples (ppb) 2,688 615 765 2,891 367 200
Maximum of positive samples (ppb) 10,000 6,400 20,000 64,700 500 200
Risk threshold (ppb) 20 200 900 2,000 100 100

Key Words: mycotoxin, deoxynivalenol, fumonisin, zearalenone, 
LC-MS/MS

279   Heat production and net energy of two broiler strains fed 
varying levels of metabolizable energy. Katie M . Hilton*1, Garrett 
J . Mullenix1, Michael J . Schlumbohm1, Justina V . Caldas1, Judy A . 
England1, Antonio Kalinowski2, and Craig N . Coon1, 1University of 
Arkansas, Fayetteville, AR, 2Evonik Nutrition & Care GmbH, Hanau, 
Germany.

The purpose of the study was to determine the interaction of dietary 
metabolizable energy (ME) and modern broiler strains on heat produc-
tion and energy efficiency from d 22 to d 43. Two thousand 4 hundred 
and 30 chicks from 2 genetic lines (line A and line B) were fed 3 experi-
mental diets starting on d 22 . True metabolizable energy (TMEn) values 
of diets determined in vivo were 2,819, 3,137, and 3,452 kcal/kg. All 
diets were formulated to AMINOChick2 recommendations, with dLys at 
1.0% and other amino acids set as a ratio to dLys: Met+Cys, 0.76; Thr: 
0.65; Val: 0.80; Ile: 0.71; Arg: 1.05, and Trp: 0.16. Birds were moved 
to the respiratory chambers 1d before evaluation for a period of adap-

tation. Heat production (HP) kcal = 3.872 × VO2 (L/d) + 1.195 VCO2 
(L/d) (Farrell, 1974) was measured for 1d. After HP was measured, 
fasting heat production (FHP) was measured for 24 h. Body composi-
tion was measured on d 22 and 42 by dual energy x-ray absorptiometry 
(DEXA). Data was analyzed using JMP Pro 12 (SAS, 2015). No dif-
ference between genetic lines was found on d 22 for HP. For 39–44 d, 
a significant interaction between line and diet, line B birds consuming 
3,137 (kcal/kg) diet had higher (P = 0 .04) HP . From d 22–43, line A 
gained more (P = 0.046) energy (kcal/bird) compared with line B. Birds 
fed increasing amounts of energy had lower feed intake (P = 0 .0002), 
lower protein retention (protein intake/g body protein × 100, P < 0 .001), 
and higher fat retention (fat intake/g body fat × 100, P < 0 .001) . Net 
energy of gain (NEg = protein grams × 5.66 + fat gain grams × 9.35), 
FHP, and heat increment (HI = HP-FHP) was not effected by dietary 
TMEn. Birds fed 3452 TMEn (kcal/g) level had significantly higher (P 
= 0 .0163) net energy (NE = TMEn-FHP) than birds fed lower levels of 
energy . This study indicates that the response of heat production and 
NE is affected by increasing levels of TMEn .

Key Words: indirect calorimetry, heat production, net energy, body 
composition, metabolizable energy
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280   Effects of tannic acid extract formulations on performance 
and intestinal health of Eimeria spp. challenged and coccidia-
vaccinated broilers. Rachel M . Tonda*1, Jon K . Rubach1, Brett S . 
Lumpkins2, Greg F . Mathis2, and Mitchell J . Poss1, 1Kemin Indus-
tries, Inc., Des Moines, IA, 2Southern Poultry Research, Athens, GA.

Two experiments were conducted to investigate the effects of tannic acid 
extract (TAE) formulations on the performance and intestinal health of 
male Cobb × Cobb 500 broilers exposed to coccidiosis. In experiment 
1, broiler chicks (n = 320) were randomly assigned to 5 treatments 
(8 rep/treatment; 8 birds/cage). Treatments included non-medicated 
(T1 and T2), salinomycin (T3, 60 g/t), tannic acid (T4, 1 lb/t), and 
TAE (T5, 1 lb/t). On d 14, T2–5 were orally inoculated with Eimeria 
acervulina, E. maxima, and E. tenella oocysts . Intestinal lesion scores, 
fecal oocyst counts (OPG), and performance were evaluated on d 21. 
T2 had higher lesions and FCR than T3–5 (P < 0 .05) . Only T5 reduced 
OPG compared with T2 (P < 0 .05) . In experiment 2, broiler chicks (n 
= 3,000) were vaccinated on day of hatch with live coccidial oocysts 
and then randomly assigned to 5 treatments (75 pens; 40 birds/pen). 
Treatments included non-medicated (CON), salinomycin (Bio-Cox, 60 
g/t), Robenidine (Robenz, 30 g/t), TAE (1 lb/t), and TAE with Bacillus 
coagulans (TAE+BC, 1 lb/t). On d 29, a subset of pens (n = 20) were 
challenged orally with a mixed Eimeria spp .; performance, lesions, 
and OPG were evaluated on d 35. During the challenge, half of these 
pens’ treatments were removed from the feed and fed CON feed. For 
the non-challenged pens (n = 55) performance was measured up to d49. 
Of the challenged birds, TAE+BC tended (P = 0.0574) to have fewer 
lesions . Removal of Bio-Cox or Robenz resulted in FCR similar to the 
challenged-CON group (P > 0.05) whereas removal of TAE or TAE+BC 
maintained improved FCR compared with challenged-CON birds (P 
< 0.05). Performance of non-challenged vaccinated-CON birds was 
improved (P < 0.05) with all treatments at d 21 and 49. These findings 
indicate that the addition of TAE and TAE+BC to the diet can provide 
performance and health benefits to coccidiosis challenged broilers.

Key Words: tannic acid extract, Eimeria, coccidiosis, vaccination, 
Bacillus coagulans

281   Effect of hatching time, immediate feed access, and post-
hatch holding time on broiler live performance. Serdar Ozlu*1, 
Reza Shiranjang1, Okan Elibol1, and John T . Brake2, 1Department 
of Animal Science, Faculty of Agriculture, University of Ankara, 
Ankara, Turkey, 2Prestage Department of Poultry Science, North 
Carolina State University, Raleigh, NC.

The effects of broiler chick hatching time, immediate or delayed feed 
access (IFA or DFA), and post-hatching holding on subsequent broiler 
live performance. Hatching eggs from commercial flocks at 55 and 49 
wk of age in experiments 1 and 2, respectively, were stored for 2 d at 
18°C and 70% RH. Hatching was divided into Early hatch of 471–474 
h, Middle hatch of 483–486 h, and Late hatch of 493–496 h . Half of the 
chicks were pulled at each hatch time and were weighed and transferred 
to pens to eat and drink (IFA) within 3 h. Remaining chicks were pulled 
at 510 or 504 h of incubation and held for 8 or 3 h before being placed 
in pens in experiments 1 and 2, respectively . Feed access differences 
between IFA and DFA for Early, Middle, and Late chicks were 41, 32, 
and 20 h, respectively, in experiment 1 . In experiment 2 DFA Early, 
Middle, and Late chicks had 30, 18, and 8 h of no access after hatch, 
respectively. Feed consumption and BW was recorded at 7, 14, and 35 

d of age. Chicks in IFA groups were weighed either at the same time as 
DFA groups to determine the effect of early feeding or at the same age 
relative to placement on feed and water to evaluate the effect of post-
hatch holding. The IFA chicks were initially heavier (P < 0 .05) than DFA 
chicks, which was maintained to 35 d in experiment 1 but not in experi-
ment 2 . DFA chicks consumed less feed (P < 0 .05) to 35 d compared 
with IFA chicks in experiment 1 but not in experiment 2. When chicks 
and feed were weighed relative to actual time on feed, chick BW was 
greater at 0 d in IFA than DFA groups chicks (P < 0 .05) . On the contrary, 
at 7 d DFA chicks were heavier than IFA chicks, but were similar at 35 
d in both experiments even though the IFA chicks consumed less feed 
(P < 0.05) compared with DFA chicks in experiment 2. These results 
suggested that IFA did not consistently affect live performance and that 
holding chicks in the hatcher for up to 40 h after hatching did not appear 
to necessarily negatively influence live performance.

Key Words: hatching time, immediate feeding, yolk sac, body 
wieght, feed consumption

282   Ectoparasite diversity on backyard chicken flocks. Amy C . 
Murillo* and Bradley A . Mullens, University of California, Riverside, 
CA.

Backyard chicken flocks are gaining in popularity in the United States, 
yet little is known regarding prevalence or severity of their ectopara-
sites. Much of our current knowledge of poultry ectoparasites comes 
from commercial birds held in conventional battery cages . Cage-free 
and free-range birds, including those in backyards, have an increased 
risk of ectoparasites because of exposure to feces, contaminated soil, 
and wild birds and animals. A survey was conducted to gain knowledge 
of parasite diversity and prevalence on backyard chicken flocks. Five 
birds on each of 20 properties in southern California were surveyed in 
summer 2015 for on-host (permanent) and off-host dwelling (temporary) 
ectoparasites. Birds were examined visually for parasites, a small amount 
of pyrethrin was sprayed onto the body, then feathers were ruffled over 
a clean container and stunned or killed arthropods were collected into 
70% EtOH. Alternatively, some birds were gently washed with soapy 
water to remove parasites. Four of 20 properties were free of ecto-
parasites. Six species of lice were recorded: Menacanthus stramineus, 
Goniocotes gallinae, Lipeurus caponis, Menopon gallinae, Menacanthus 
cornutus, and Cuclotogaster heterographus. Only one species of flea, 
Echidnophaga gallinacea, was recovered. Three parasitic mite species 
were collected: Ornithonyssus sylviarum, Knemidocoptes mutans, and 
Dermanyssus gallinae. Notably absent were any soft ticks (Argasidae) 
or bed bugs (Cimex lectularius) . Nearly one-third of birds surveyed 
harbored more than one ectoparasite species at a time, up to 4 species on 
one bird. The parasite diversity recovered in this work greatly exceeded 
what is found on caged commercial chicken flocks, but probably better 
represents actual or potential parasites on cage-free, free-range, or pas-
tured commercial flocks. This survey highlights our lack of knowledge 
of possible ectoparasite issues in cage-free commercial flocks, which 
are increasing in popularity due to demand for cage-free eggs . This 
also emphasizes a need for increased education and development of 
ectoparasite control options for homeowners and the development of 
best management practices for commercial flocks.

Key Words: backyard chicken, ectoparasite, louse, mite, integrated 
pest management



97Poult. Sci. 95(E-Suppl. 1)

283   The effect of in ovo photostimulation with monochromatic 
green light during incubation on the expression of the somato-
tropic axis in broilers. Liron Dishon*, Natalie Avital-Cohen, and 
Israel Rozenboim, Robert H. Smith Faculty of Agriculture, Food and 
Environment, The Hebrew University of Jerusalem, Rehovot, Israel.

Green light (GL) in ovo photostimulation of broilers, caused elevation 
of body weight and muscle growth. We studied the effect of in ovo 
photostimulation with GL on somatotropic axis gene expression in the 
hypothalamus, liver and muscle, to understand the mechanism of growth 
acceleration. Two hundred forty broiler eggs were divided into 2 equal 
weight groups: one group was incubated in the dark (Control), and the 
second was photostimulated with GL. At d 10 of incubation (E10) and 
every other day until hatch (E20), 14 eggs from each group were used. 
Eggs were opened and embryos were collected and weighed following 
blood sampling. Liver and breast muscle samples were harvested and 
weighed. Hypothalamus was also sampled. mRNA was extracted from 
the samples, and gene expression of somatotropic axis was measured by 
RT-PCR. GH and prolactin (RPL) levels were measured with ELISA. 
Statistical analysis was preformed, using one-way ANOVA, in JMP 7. In 
ovo photostimulation with GL did not cause an increase in body, muscle 
or liver weights. In ovo GL photostimulation caused an elevation in the 
mRNA gene expression of hypothalamic GHRH in E16 and E20, GH 
receptors (GHR) between E16-E18, as well as increased liver IGF-1 
between E14 and E18. In the muscle, we found an increased mRNA 
gene expression of the IGF-1 in E14 . In the plasma, the photostimula-
tion with GL during incubation increased GH plasma levels between 
E14 and E18, as well as increased PRL plasma levels on E14 and E20. 
The results of this study show increased mRNA gene expression in 
several of the somatotropic axis components, including GHRH, GHR, 
and IGF-1, as well as increase in plasma levels of both GH and PRL, 
due to in ovo photostimulation with GL. We suggest that the effect of 
in ovo GL photostimulation, accelerating both body weight and muscle 
growth in broilers (as found in previous studies), is due to increase in 
the activity of the somatotropic axis .

Key Words: broiler, development, growth hormone receptor, in ovo 
photostimulation, somatotropic axis

284   Energy balance using two energy levels in the diet for 
broiler breeder flock. Nayara T . Ferreira*1, Nilva K . Sakomura1, 
Leticia Soares1, Hilda C . P . Bendezu1, and Robert M . Gous2, 1Facul-
dade de Ciências Agrárias e Veterinárias - UNESP, Jaboticabal, São 
Paulo, Brazil, 2University of KwaZulu-Natal, Pietermaritzburg, South 
Africa.

Energy (E) is the first limiting “nutrient” for breeders, therefore, it is 
essential fed the breeders with correct amount of E to meet maintenance 
requirements, support growth and egg production (EP). This study aimed 
to model the effective E requirement (EEr) for breeder flock and then the 
response of the E balance (Eb) in pre and post-peak using 2 EE levels 
in the diet. A population with 200 breeders, from 24 to 40 weeks of age, 
was simulated, using means and SD for body weight (BW, 2.34 ± 0,05 
kg), age at first egg (AFE, 176 ± 10.1 d), internal cycle length (ICL = 
25 .4+8 .99 .0 .75AFE+0 .072 .AFE, hour) to determine the rate of ovulation . 
The weights of yolk (YW = 18.03.1-e-0 .015 .(AFE-103 .4) .e-0 .001 .AFE), albumen 
(AW = 14 .38 .YW0 .375) and shell (SW = 0 .358 .(YW+AW)0 .687) were 
calculated. The data of BW, AFE, ICL, YW, AW and SW were used in 
an Excel spreadsheet to determine the EEr by the equation: EEr = (1.63.
Pm0 .73.u)+(60.3.BWG)+(0.025.YW+0.0036.AW+0.0012.SW), where 
1 .63 and 60 .3 MJ are the EE needed per unit of maintenance and body 
weight gain (BWG, 5g/week) per day, respectively; the EE requirement 
for production of YW, AW and SW are 0.025, 0.0036 and 0.0012 MJ/g, 
respectively; Pm is body protein weight at maturity (kg); u is the degree 
of maturity, in this case = 1. The Eb was obtained from the difference 
between EEr and EE intake, considering 2 EE levels in the diet (E1-10 .89 
and E2-11.97 MJ ME/kg) and intake of 160 g of feed/bird per day. The 
ME of the diet was converted into EE (EE = ME.0.85). The results of 
the simulation are shown in Table 1. It is observed that the flock with the 
same BW and EP, the breeders fed diet E1, peaked in negative Eb and 
this under-feed can lead a decrease in the lay persistence . A modeling 
approach is a tool to help nutritionists to make decisions about feeding, 
once the birds are continually producing yolk and the feed pre peak is 
important for maintaining BWG and achieving standard egg size .

Table 1 (Abstract 284). Means of BW, %Lay, YW, AW, SW, EEr and Eb for breeders

Age (wk) BW %Lay YW AW SW EEr Eb1 Eb2

24 3 .18 23 13 37 5 .2 1 .27 0 .204 0 .358
28 3 .20 85 15 40 5 .6 1 .59 −0.122 0 .039
32 3 .22 81 17 42 5 .9 1 .62 −0.145 0 .006
36 3 .24 76 19 43 6 .1 1 .63 −0.156 −0.003
40 3 .26 71 20 44 6 .2 1 .63 −0.150 0 .001

Key Words: energy requirement, simulation, stochastic model

285   Evaluation of techniques to reduce moisture accumula-
tion inside broiler transport trailers in western Canada. Nileeka 
H. Irugalbandara*, Catherine J. Vermette, Karen Schwean-Lardner, 
and Trever G. Crowe, University of Saskatchewan, Saskatoon, SK, 
Canada.

When transporting broilers during colder ambient conditions, removal 
of moisture from within the load is paramount. Air temperature and 
relative humidity within a typical trailer (standard treatment) were 
compared with conditions within similar modified trailers. The modifica-
tions included leaving the top row of drawers within the trailer vacant 
(vacant) and operating 3 fans (fan) that had been installed in the roof . 

All tests were conducted when the ambient temperature was 0°C to 
−10°C. Eighty-four data loggers, recording temperature and relative 
humidity once per 120 s, were strategically positioned throughout the 
trailers. Each modified trailer was paired with the standard trailer, and 
data were collected 4 times while transporting broilers from the farm 
to the processing plant. Vent configurations were consistent for all 
treatments. The total number of birds was less in the vacant treatment, 
with a constant bird density in all populated portions of the trailers. 
The internal temperature and humidity ratio in the standard treatment 
trailer were −1.5 to 32.1°C and 1.9 to 14.8 g/kg, respectively. Internal 
temperatures and humidity ratios were subtracted from ambient data 
to generate delta temperatures (ΔT) and delta humidity ratios (ΔHR), 
respectively. Average values were calculated for the 4 runs at each of the 
locations within the load. Data were analyzed in a complete randomized 
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design, using SAS 9.4. Very few of the locations within vacant trailers 
were cooler (3.6%) and dryer (4.8%) than the standard treatments (P < 
0.05). The fan treatment caused 19.1% of the locations to be cooler and 
23.8% were dryer than in the standard trailer, and 22.6% and 9.5% were 
cooler and dryer than the vacant treatment, respectively . The different 
locations in the fan treatment were 7.1 to 18.1°C cooler and 1.7 to 9.9 
g/kg dryer than in the standard trailer. Most differences occurred near 
the front and rear of the trailer. The magnitudes and scope of these influ-
ences within the trailers were limited, and strategies to further increase 
ventilation rates should be investigated .

Key Words: broiler, temperature, humidity, winter transportation, 
western Canada

286   Effect of dark exposure duration on broiler production 
parameters and gut transit time. Tory D . Shynkaruk*1, Henry L . 
Classen1, Trever G. Crowe2, and Karen Schwean-Lardner1, 1Depart-
ment of Animal and Poultry Science, University of Saskatchewan, 
Saskatoon, SK, Canada, 2Department of Mechanical Engineering, 
University of Saskatchewan, Saskatoon, SK, Canada.

The effect of darkness on productivity of broilers reared to 31d and gut 
transit time (males) was examined using Ross 308 birds, with day length 
[14 h light:10 h dark (14L), 17L, 20L and 23L] and sex as independent 
variables. Birds (n = 4,000) were placed in 8 identical rooms with 8 pens 
per room (2 replications per lighting treatment and 4 replications per 
sex per room). Birds were weighed at 0, 7, 21 and 31 d and feed intake 
and efficiency were calculated. At 27 d, 6 birds per lighting program 
were euthanized at 2-h intervals over 24 h. Bird weight and weights of 
the full and empty crop, proventriculus, gizzard, duodenum, jejunum, 
ileum and ceca were recorded. Production data were analyzed as a 4 
(day length) × 2 (sex) factorial, with lighting program nested within 
room, using Proc Mixed of SAS. Day length data were analyzed using 
regression analysis. Differences were significant when P < 0 .05 and a 
trend was noted when P < 0 .10 . At 31 d, birds raised on 17L and 20L 
were heavier (2.14 and 2.12 kg, respectively) than 14L or 23L birds 
(2.08 and 2.09 kg, respectively). Body weight (BW) gain from 0 to 31 d 
was greatest on 17L and 20L (2.10 and 2.08 kg, respectively). Birds on 
14L (0–31 d) were the most feed efficient. No effect of day length was 
observed for mortality. Day length and full crop weight were related in 
a quadratic fashion, with heaviest full crops found on 14L (26.3 g) and 
lightest on 23L (12.8 g). The relationship between weight of empty crop 
(linear) and the percentage of empty crop weight to BW (quadratic) and 
day length indicated that birds on 14L had the heaviest crops (5 .8 g, 
0.3% of BW). The percentage of crop content changed throughout the 
day (quadratic). The percentage of empty proventriculus to BW tended 
to increase linearly with day length, while the percentage of empty giz-
zard to BW decreased linearly as day length increased. Productivity was 
maximized by exposing birds to 17L or 20L . The crop data suggest that 
birds anticipate dark periods and fill their crops before darkness. Birds 
raised on shorter day lengths had larger gizzards and smaller intestines, 
suggesting improved digestion or feed conversion .

Key Words: broiler, day length, production performance, gut transit

287   Leveraging animal behavior for robot planning. Colin 
Usher*1, Wayne D . Daley1, Jeanna L . Wilson2, and Carla Aranibar2, 
1Georgia Tech Research Institute, Atlanta, GA, 2University of Geor-
gia, Athens, GA.

Researchers at Georgia Tech Research Institute and the University of 
Georgia are currently conducting experiments related to the operation 
of autonomous robotics in grow-out houses. The purpose of this work 
is to show the efficacy of leveraging animal behaviors for robot plan-
ning tasks. More specifically, the goal is to develop an autonomous 
robot system capable of navigating through a grow-out house environ-
ment successfully without harming the chickens housed therein. To 
accomplish this, the robot must interact with the chicken. Identifying 
repeatable behaviors exhibited by the chicken during interactions with 
the robot has allowed the research team to develop routines that allow 
the robot to interact with and successfully navigate the flocks. Using 
data gathered from previous research efforts, the team established a set 
of simple interactions between the robot and the chicken. These inter-
actions are as follows: 1) robot drives unimpeded as chicken actively 
move out of the way, 2) robot is impeded by a chicken that did not 
move out of the way, “nudges” the chicken to encourage movement, 
and 3) robot “nudges” a chicken multiple times, but the chicken does 
not move; robot plans new path around chicken. These 3 interactions 
were programmed into the robot system, and tested over several weeks 
in a test grow-out house. Initial results show a 100% success rate in the 
ability of the robot to navigate the environment, defined as the robot 
having the ability to reach all of its pre-planned goal positions through 
a house. A statistical breakdown in the frequency and types of interac-
tions is currently being compiled for presentation. This research shows 
that it is feasible to have an autonomous robot system successfully 
navigate chicken houses with high populations of chickens, in addition 
to illustrating the ability to leverage expected animal behaviors as part 
of the robot plan when designing and implementing a new robot system 
that will work alongside animals.

Key Words: husbandry, robotics, automated, assistant, corobotics

288   Evaluation of plastic transpired solar collector for heating 
a turkey brooder room. Mark Poole*, Sanjay Shah, and Jesse L . 
Grimes, North Carolina State University, Raleigh, NC.

Poults and broiler chicks need supplemental heating because they 
cannot produce enough body heat . Propane heaters are often used to 
provide supplemental heat to ensure bird comfort . Though currently 
low, propane prices are volatile and can increase risk to producers. Solar 
heat is an attractive method of providing supplemental heat due to its 
inexpensive nature . A transpired solar collector (TSC), consisting of a 
perforated dark-colored metal surface, can increase the temperature of 
the air passing through it by up to 40°C; however, metal TSCs are very 
expensive . Use of plastic TSC (pTSC), consisting of a perforated black 
plastic sheet can considerably reduce cost and weight, permitting pos-
sible retrofitting of existing poultry houses with pTSCs. The pTSC (1.5 
m2) was evaluated in a room housing 240 poults (3 pens of 80 poults 
each) in Raleigh, NC; an adjacent room with 240 poults served as the 



99Poult. Sci. 95(E-Suppl. 1)

Control. Both rooms also had their own propane heaters. Temperature 
and relative humidity was monitored in all pens. A custom control system 
bypassed the pTSC during nighttime or when the room did not require 
heating to bring in fresh air . The pTSC gave a maximum temperature 
rise of 25°C. On February 14, 2016, with over 9 h of sunshine, the 
pTSC operating at a suction velocity of 0.032 m/s provided an average 
temperature rise of 15°C and solar energy equal to ~0.54 L of propane 
per m2 of collector area. Over the 5-wk study, bird performance was 
comparable in both pens as was the final litter moisture content. It was 
unclear why propane use in the Test room was 7% higher even though 
it had lower carbon dioxide and carbon monoxide concentrations than 
the Control room. A second flock of poults are currently being studied 
and additional analyses are underway.

Key Words: solar energy, propane savings, temperature rise, cost-
benefit ratio

289   Assessing the efficacy of a newly developed micro-aerosol 
for disinfection of the avian respiratory pathogen Mycoplasma 
gallisepticum. Jeffrey D. Evans*, Joseph L. Purswell, and Stephanie 
D . Collier, USDA-ARS Poultry Research Unit, Mississippi State, MS.

While there is a continuous need for the development of techniques and 
technologies to increase the efficiencies of animal agriculture, the recent 
reduction in antibiotic availability has greatly accelerated the search 
and development of alternative means to maintain current production 

levels. Encounters with pathogenic organisms remain a significant 
impediment to the economic production of animal protein and in lieu 
of further reductions in reliance of antibiotics, producers may become 
more dependent on techniques and technologies to minimize these 
encounters . Mycoplasma gallisepticum (MG) is an economically impor-
tant pathogen which can incur substantial economic losses on poultry 
producers from both egg-layer and meat-type poultry industries . The 
pathogen is capable of vertical and horizontal transmission and direct 
and indirect means have been implicated in the lateral spread of this 
pathogen . MG is considered endemic among commercial egg layers in 
the United States and has been associated with sporadic outbreaks among 
broiler and turkey flocks. MG-infected flocks among these meat-type 
poultry are commonly eliminated following MG exposure and facilities 
are disinfected before repopulation . To investigate the applicability of 
a novel micro-aerosol technology toward the elimination of MG in a 
contaminated environment, an 8’ × 8’ × 8’ environmental chamber was 
seeded with MG immediately before micro-aerosol application. The 
MG was grown on solid media, which was then placed on 3 vertical 
walls and the ceiling according to a 3 × 3 grid. The micro-aerosol was 
generated and applied for 1 or 4 h and subsequently MG viability was 
assessed. No viable MG was detected following micro-aerosol applica-
tion at either 1 or 4 h indicating the capacity of the micro-aerosol to 
disinfect viable MG from a contaminated environment .

Key Words: Mycoplasma gallisepticum, disinfectant, micro-aerosol, 
pathogen control
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Immunology, Health, and Disease II

290   Major histocompatibility complex variability in Finn-
ish Landrace chickens. Janet E . Fulton*1, Mark E . Berres2, Juha 
Kantanen3,4, and Mervi Honkaukia3, 1Hy-Line International, 
Dallas Center, IA, 2University of Wisconsin, Madison, WI, 3Natural 
Resources Institute Finland, Jokioinen, Finland, 4Department of 
Environmental and Biological Sciences, University of Eastern Fin-
land, Kuopio, Finland.

The major histocompatibility complex (MHC) is a cluster of genes 
involved with immune responses. The chicken MHC has been shown 
to influence resistance to viruses, bacteria and both internal and exter-
nal parasitic infections . The highly variable chicken MHC haplotypes 
were initially identified by the use of haplotype-specific serological 
reagents. A SNP-based panel encompassing 210,000 bp of the MHC was 
developed to enable in-depth genetic analysis plus rapid identification 
of novel haplotypes for which serological reagents are not available. 
The Finnish Landrace breed of chickens traces its origins to almost 
1,000 years, with multiple lineages maintained as small populations in 
isolated villages. The breed is well adapted to the Finnish climate and 
is considered a light egg layer . Conservation efforts for this endangered 
breed were initiated in the 1960s and 12 different lineages are currently 
maintained by a network of volunteer hobbyist breeders. The MHC vari-
ability within this breed was examined using the MHC SNP panel. A 
total of 195 samples from 12 distinct populations (average of 15 samples 
per population) were genotyped with the 90-SNP MHC panel. There 
were 36 haplotypes found, 16 of which had been previously identified 
in either commercially utilized or heritage breeds from North America, 
with the remaining 20 haplotypes being novel. The average number of 
MHC haplotypes found within each Finnish Landrace population was 
5.9 and ranged from one to 13. While common haplotypes were found 
in multiple populations, population-specific haplotypes were also found. 
This study shows that substantial MHC diversity occurs within the Finn-
ish Landrace breed and exemplifies the significance tied to conserving 
multiple lineages of rare breeds .

Key Words: Finnish Landrace breed, major histocompatibility com-
plex variability, SNP genotype, haplotype

291   SNP identification of major histocompatibility complex 
haplotypes in Lakenvelder and Golden Sebright chickens. Robert 
L . Taylor Jr .*1, Mark E . Berres2, and Janet E . Fulton3, 1West Virginia 
University, Morgantown, WV, 2University of Wisconsin, Madison, WI, 
3Hy-Line International, Dallas Center, IA.

High genetic polymorphism is a hallmark of the chicken major histo-
compatibility complex (MHC) . First described as the B blood group 
alloantigen, that system’s influence on skin graft rejection identified it 
as the chicken MHC. Later studies showed that resistance to bacterial, 
parasitic and viral pathogens was also affected by MHC genes. Many 
MHC types were identified within populations using specific alloan-
tisera . Comparison tests using antisera and cell samples submitted by 
multiple laboratories enabled a unified nomenclature for 27 distinct 
MHC types . Most these standard haplotypes originated in White Leg-
horn chickens . Recently, a high-density SNP-based panel encompassing 
210,000 bp across the chicken MHC was used to describe MHC haplo-
types in heritage chicken populations, which revealed many additional 
and non-serologically defined haplotypes. In the present study, DNA 

from the Lakenvelder and Golden Sebright chicken breeds were tested 
on this SNP panel. The MHC haplotypes found were compared with 
those types that were identified previously. Relationships between these 
haplotypes and those types described previously were determined using 
computational phylogenetic methods, which identify similarity based 
on SNP identity across the MHC region and establish clusters of related 
haplotypes. The Lakenvelder population (n = 21) was homozygous for 
a novel MHC type, whose closest relative was BSNP-C02 which was 
found in a broiler population. This unique Lakenvelder haplotype (sub-
sequently named BSNP-C06) differed from BSNP-C02 by 3 of the first 
10 SNP (encompassing 11,000 bp of the MHC) . The Golden Sebright 
population (n = 14) was found to be segregating for 3 haplotypes. BSNP-
Q02 was novel and varied from BSNP-Q01 in 4 of the initial 10 SNPs 
(encompassing 20,000 bp). BSNP-K02 which was previously reported 
in Barred Plymouth Rock, and broiler lines (BRL), and the third type, 
BSNP-A09, was identical to BSNP-A09 (serotype BQ) previously 
found in BRL, and Red Jungle Fowl. These results add to the array of 
MHC haplotypes described in various chicken breeds and show that 
rare breeds can contain novel MHC haplotypes .

Key Words: haplotype, genetic distance, diversity

292   Withdrawn

293   Determination of the capacity of Bacillus amyloliquefa-
ciens CECT 5940 to inhibit quorum sensing. Alvaro Ortiz*, Pilar 
Honrubia, and Juan J . Mallo, Norel, Madrid, Spain.

Quorum sensing (QS) is a bacterial communication system based on 
the production and secretion of autoinducers (Fuqua et al., 1994). Once 
activated, QS triggers the synchronized expression of multiple genes in 
the population, thus regulating important biological functions and the 
transfer of plasmids, motility, aggregation, luminescence, antibiotic 
biosynthesis, virulence, etc. (Swift et al., 2001; Waters and Bassler, 
2005; Williams et al ., 2007) . So QS inhibition is being investigated as 
a promising technique to prevent disease. The best-characterized QS 
system involves the autoinducers N-acylhomoserin lactones (AHLs) . 
Due to its capacity to produce violacein (a violet pigment) when QS is 
activated, Chromobacterium violaceum CECT 5999 (CV026) is used 
in QS assays . QS is activated by applying in the culture medium AHLs 
with acyl chains of 4 to 8 carbons resulting in the apparition of violacein.
In the detection assay (based in the methodology described by 
Romero et al, 2011) the apparition (+) or absence (-) of violet color 
was controlled in C. violaceum seeded plates when adding the fol-
lowing test compounds: sterile distilled water(-), AHL(+), probiotic 
sterile culture medium(-), probiotic sterile culture medium + AHL(+), 
sterile medium + probiotic culture supernatant(-), AHL + probiotic 
culture supernatant(-). The violet pigment was detected in the plates 
whenever AHL was applied. The combination of AHL with B. amylo-
liquefaciens CECT 5940 culture supernatant resulted in an inhibition 
of the production of the pigment violacein, indicating that quorum 
sensing has been blocked by the probiotic culture supernatant .

Key Words: probiotic, quorum sensing, Bacillus amyloliquefaciens, 
quorum quenching
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294   Sequence and residue analysis of complete F and HN genes 
of wild bird-originated Newcastle disease virus. Muhammad Umar 
Sohail*1, Muhammad Zubair Shabbir2, Sameera Akhtar2, Muhammad 
Anees2, and Arfan Ahmad2, 1Government College University Fais-
alabad, Faisalabad, Pakistan, 2University of Veterinary and Animal 
Sciences, Lahore, Pakistan.

Newcastle disease (ND) results in an increased morbidity and mortal-
ity to commercial and backyard poultry . The disease occurs in many 
domestic and wild avian species; nevertheless, the clinical outcomes 
are often devastating in commercial poultry flocks resulting in incur-
able economic losses. Despite following strict vaccination plan for 
commercial flocks in Pakistan, large-scale outbreaks have occurred in 
the last few years, even in the vaccinated flock and wild birds. In this 
regards, the role of wild-birds either as a reservoir or source of spread 
in the environment cannot be ignored. Here, we characterized an isolate 
recovered from ND-suspected outbreak in peacock through complete F 
and HN gene based sequence and residue analysis. With characteristic 
F0 proteolytic cleavage site (112RRQKR↓F117), the whole F and HN gene 
based sequence analysis of the ND-isolate demonstrated evolutionary 
relationship to genotype VII. Subsequent in depth analysis of F-gene 
hyper-variable region revealed clustering of the study isolate close to 
genotype VIIi . Further, the deduced residue analysis for both F and HN 
protein showed several substitution mutations in the functional domains 
distinct from representative strains of each genotype including the vac-
cine strains. Perhaps some of reported mutations were found exclusive 
to the present study isolate . Though the present study presents limited 
and preliminary data, yet the findings can enhance our knowledge 
toward circulating strains of APMVs in Pakistan. Future studies are 
much needed to determine ND potential for transmission in commercial 
and backyard poultry and subsequent shedding into the environment.

Key Words: avian paramyxovirus type 1 (APMV-1), fusion protein, 
hemagglutinin gene, peacock

295   Genetic and pathobiologic characterization of pigeon-orig-
inated Newcastle disease virus. Muhammad Z . Shabbir*1, Sameera 
Akhtar1, Yi Tang2, Tahir Yaqub1, Arfan Ahmad1, Ghulam Mustafa1, 
Muhammad A . Alam1, and Muhammad Munir3, 1University of Vet-
erinary and Animal Sciences, Lahore, Pakistan, 2The Pennsylvania 
State University, State College, PA, 3The Pirbright Institute, Woking, 
United Kingdom.

Newcastle disease (ND) causes significant economic losses to the 
poultry industry worldwide. The disease is enzootic in Pakistan and 
recurrent outbreaks are being reported in multiple avian species even 
with the use of classic vaccine. Several virulent Newcastle disease 
viruses (vNDVs) have been isolated and genetically characterized in 
the recent years from species other than chicken. However, there exist 
an absolute paucity for genetic and pathotypic characterization of 
pigeon-originated NDVs. Here we determined the complete genetic and 
clinicopathologic characterization of virulent pigeon-originated NDVs 
in vaccinated and non-vaccinated chickens following the commonly 
practiced vaccine schedule in Pakistan . The complete genome length 
of isolates was found to be 15,189 nt with gene order of 3-NP-P-M-F-
HN-L-5 . The complete genome and the hypervariable region of F gene 
based phylogeny revealed clustering of pigeon isolate to genotype VIb . 
Several substitutions were observed in the functional domains of F and 
HN protein including fusion peptide, hydrophobic regions, transmem-
brane region and neutralization epitope . Given the polybasic residue 
(112RRQKR↓F117) at the cleavage motif of F protein, trans-species 

transmission, clinical symptoms and gross necropsy lesions observed, 
tissue tropism, viral shedding and histopathology, the isolate was found 
to be velogenic to chicken. Beside expected genetic distance between 
vaccine strains and study isolate, vaccine efficacy study revealed that 
commonly practiced vaccine schedule may be the potential reason of 
vaccine failure .

Key Words: Newcastle disease, pigeon-originated NDV, vaccine, 
vaccine failure

296   Staphylococcus agnetis involvement in bacterial chon-
dronecrosis with osteomyelitis in broilers. Adnan A . Al-Rubaye, 
Sura Zaki, Nnamdi S. Ekesi, Abdulkarim Shwani, Robert F. Wide-
man, Young Min Kwon, and Douglas D. Rhoads*, University of 
Arkansas, Fayetteville, AR.

Lameness is a significant problem in the poultry industry resulting in 
millions of dollars in lost revenue annually . In broilers, a common cause 
of lameness is bacterial chondronecrosis with osteomyelitis (BCO). 
Using a wire flooring model to induce lameness we identified Staphy-
lococcus agnetis as the principle species isolated from BCO lesions 
on our research farm . Administration of S. agnetis isolates in drinking 
water at 20 d of age can induce high incidence of BCO in birds on wire 
flooring. Our data supports a model that rearing chicks on wire flooring 
leads to bacterial translocation across the intestinal epithelium into the 
blood . S. agnetis appears to colonize the susceptible proximal femoral 
and tibial growth plates inducing necrosis and lameness by 40 to 56 d. 
As this species has previously not been associated with BCO in poultry, 
it may have emerged as a result of our protracted experiments inducing 
high levels of lameness. We have sequenced, assembled, and annotated 
the S. agnetis genome from chicken isolates. Current work is aimed at 
understanding the relationships between our poultry isolates and isolates 
from other sources. In addition, we are investigating how the bacterium 
is transferred between birds and what management methods can reduce 
colonization. Defining the likely route of transmission to broilers, and 
genomic analyses should contribute substantially to the development 
of measures for mitigating BCO losses in poultry .

Key Words: broiler, lameness, bacteria, pathogen, genome, leg

297   Reduced Escherichia coli burdens and virulence in US 
commercial flocks fed multi-strain Bacillus. Alexandra L . Weal-
leans*1, Kirsty A . Gibbs1, Jodi Benson2, Firmin Delago2, Jennifer 
Lambrecht2, Elizabeth Galbraith2, and Marion Bernardeau1, 1Danisco 
Animal Nutrition, DuPont Industrial Biosciences, Marlborough, 
United Kingdom, 2DuPont Nutrition and Health, Waukesha, WI.

Avian pathogenic Escherichia coli (APEC) causes colibacillosis in 
poultry and is a significant economic production burden. This study 
investigated E. coli burdens and virulence in broiler complexes following 
the introduction of multi-strain Bacillus direct-fed microbials (DFMs) . 
Sampling occurred pre-DFM supplementation in 4 complexes (C1–4) 
from different producers in Georgia, United States, and again after a 
minimum of 3 flock cycles. Whole intestinal tracts were extracted from 
760 birds; sections were collected from the duodenum, jejunum and 
ileum and used to isolate and quantify E. coli using selective CHRO-
Magar media . Five E. coli were selected per bird for genetic analysis. 
A previously defined pentaplex PCR assay screened all E. coli for 
virulence-associated genes (VAG; cvaA, irp2, iss, iucC, tsh); isolates 
with ≥2 VAG were identified as APEC. APEC prevalence was based 
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on a % of total plate count proportional to the number of APEC from 
each bird . E. coli count was reduced by 0.29 log10 cfu/g and APEC 
prevalence by 20.8% (P < 0 .0001; Table 1) . The proportion of E. coli 
with ≥2 VAG dropped from 58.8 to 40.8% (P < 0 .0001) post DFM . 
The proportion of isolates with 5 VAG was 4.3% pre-DFM and 1.3% 
post-DFM while isolates with no VAG increased from 14.2 to 17.2% (P 
< 0 .0001) . This data suggests Bacillus DFM positively affect resident 
microbial populations and may form part of a multipronged approach 
to improving bird performance in an era without antibiotics or APEC 
specific targeted therapies.

Table 1 . Escherichia coli burdens and virulence-associated genes 
(VAG) pre/post DFM supplementation

Complex  
E.coli count, 
log10 cfu/g

APEC 
prevalence, % VAG/E.coli

C1 Pre 5 .06 83 .77 1 .86
 Post 4 .85 82 .76 1 .97
 P-value 0 .013 0 .632 0 .198
C2 Pre 4 .50 74 .76 1 .80
 Post 3 .96 79 .60 1 .67
 P-value <0 .0001 0 .224 0 .330
C3 Pre 4 .71 89 .37 2 .14
 Post 4 .39 53 .05 1 .14
 P-value 0 .0002 <0 .0001 <0 .0001
C4 Pre 4 .29 93 .25 2 .57
 Post 4 .36 46 .54 1 .32
 P-value 0 .462 <0 .0001 <0 .0001
Pooled Pre 4 .74 83 .37 1 .99
 Post 4 .45 62 .56 1 .49
 P-value <0 .0001 <0 .0001 <0 .0001

Key Words: Bacillus, broiler, direct-fed microbial, Escherichia coli

298   A preliminary study on carrier potential of Salmonella 
enterica serotype Gallinarum biotypes pullorum and gallinarum 
in common wild bird species in Pakistan. A . Aslam*1, M . Ali1, I . 
Ahmad1, M . Ijaz2, Habib Rehman3, N . Ahmad4, K . Ashraf4, Raheela 
Akhtar1, and G . Mustafa1, 1Department of Pathology, University of 
Veterinary and  Animal Sciences, Lahore, Pakistan, 2Department of 
CMS, University of Veterinary and Animal Sciences, Lahore, Paki-
stan, 3Department of Physiology, University of Veterinary and Animal 
Sciences, Lahore, Pakistan, 4Department of Parasitology, University 
of Veterinary and Animal Sciences, Lahore, Pakistan.

Many wild and game birds are reported to harbor pullorum disease and 
fowl typhoid, and are believed to play an important factor in transmis-
sion of diseases . The present study investigated the carrier potential 
of selected wild birds (Indian Myna, crows, sparrows and pigeons) 
for Salmonella enterica serotype Gallinarum biotypes pullorum and 
gallinarum. A total of 100 wild birds, 25 each of Indian Myna (Acrido-
theres tritis), house crows (Corvus splendens), house sparrows (Passer 
domesticus indicus), and pigeons (Columba livia domestica) were 
procured from local markets of Lahore. Bird selection was random and 
independent of age and sex . To avoid the transfer of salmonella infection 
from poultry, only recently captured birds were selected. Birds were 
autopsied to collect spleen, which was processed for DNA extraction. 

Specific primers TGGTGATGACGGTAATGGT (fliCF: 866–885) and 
CAGAAAGTTTCGCACTCTCG (fliC R: 1063–1044), were used for 
amplification of flagellin gene phase against above-mentioned organ-
isms. Data were analyzed using Pearson’s Chi-squared. Results revealed 
that carrier potential of salmonella infection in selected wild birds in 
Lahore was 08%. The occurrence of salmonella infection was similar 
(P > 0.05) in all wild birds as carrier potential of Salmonella enterica 
serotype Gallinarum biotypes pullorum and gallinarum was 8, 4, 12, and 
8% in myna, crows, sparrows and pigeons respectively. In conclusion, 
all 4 wild birds were infected with salmonella and may act as reservoir 
of the organism . As carriers, these birds may act as potential source of 
transmission of salmonella infection to healthy birds in open-house 
poultry farms or indigenous backyard poultry in Pakistan .

Key Words: Salmonella, wild birds, carrier potential, broiler

299   Antibiotics: New use policies won’t change the outcome. 
Hector M . Cervantes*1,2, 1Phibro Animal Health, Atlanta, GA, 2Uni-
versity of Georgia, Athens, GA.

Changes on antibiotic use policies in food-producing animals published 
on FDA-CVM Guidance for Industry #209 and 213 are scheduled to 
start on January 1, 2017 . The main changes include elimination of use 
of medically important antimicrobials (MIAs) for growth promotion 
and feed efficiency, use of MIAs only to ensure animal health and under 
veterinary supervision . This means that MIAs administered to food 
producing animals will require a prescription (if administered via the 
drinking water) or a Veterinary Feed Directive (VFD) order (if adminis-
tered via the feed) . Although the proposed policy changes are good and 
embraced by the veterinary profession they are not likely to improve 
the antimicrobial resistance (AMR) problem confronted by the medical 
profession because antimicrobial use in food-producing animals is not 
a significant contributor to AMR in humans. In the poultry industry the 
antibiotic growth promoters (AGPs) used have a gram-positive spec-
trum of activity whereas in human medicine the bacteria of concern in 
regards to foodborne diseases (Salmonella, E. coli and Campylobacter) 
are gram-negative so it can be safely predicted that the banning of AGPs 
will have no effect on AMR on the main food pathogens of concern in 
human medicine . Other examples from European human and animal 
databases on AMR will be used to illustrate that the likelihood of a 
measurable positive effect on human health from the new policy on 
antimicrobial use in food-producing animals is likely very small to nil .

Key Words: antibiotic growth promoters (AGP), antimicrobial resis-
tance, GFI-209, GFI-213

300   The effects of coccidiosis and Clostridium perfrigens 
challenge on immune cell dynamic and nutrient digestibility in 
broiler chickens: Combination of antibiotic growth promoter 
and protected organic acid plus essential oils. Antonio Leonardo 
Kraieski1, Paula Gabriela Santin1, Carolina Oliva Pinto1, Mariana 
Lemos Moraes2, Duarte Almeida Neves2, and Elizabeth Santin*1, 
1Federal University of Parana, Curitiba, PR, Brazil, 2Jefo Nutrition 
Inc., St-Hyacinthe, QC, Canada.

We investigated the dietary supplementation of protected organic acids 
and essential oils [P(OA+EO)] with an antibiotic growth promoter 
(AGP) in challenged broilers. Cobb chicks (192; 1–28d) were allocated 
in a completely randomized design with 4 treatments: negative control 
(NC), positive control (PC), AGP (10 ppm) and AGP + P(OA+EO) . 
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Except those from the NC group, all birds were coccidiosis-challenged 
at 1 d and Clostridium perfringens challenge was performed at 11, 12 
and 13 d . Analysis of ileum morphology, macrophages, CD4+ and CD8+ 
cell counts were performed at 7, 14, 21 and 28 d. Ileal digestibility was 
evaluated at 28d. Challenged birds had reduced BWG (14%) from 1 to 
21 d and feed intake (10%) from 1 to 14 d (P < 0 .05) . The challenge also 
increased the inflammatory cells on lamina propria, macrophage, CD4+ 
and CD8+ counts at 7 and 21 d, and macrophage counts at 28 d (P < 
0.01). Compared with PC group, the AGP + P(OA+EO) presented lower 
lamina propria thickness (P < 0 .10), reduced congestion (P < 0 .01) and 
higher number of CD4+ and CD8+ cells (P < 0.01) at 7 d; lower villus 
apical necrosis and karyolysis (P ≤ 0.04) at 14 d; lower congestion and 
CD4+ cells (P < 0 .01), and higher macrophage counts (P < 0 .01) at 21 
d . At 28d, the ileum cell dynamic of the AGP + P(OA+EO) group sug-
gested a recover of intestinal mucosa due to an increase of enterocyte 
proliferation, higher number of goblet and CD4+ cells and a reduction 
of CD8+ cells (P < 0.01) compared with the PC group. In addition, the 
AGP + P(OA+EO) group had improved dry matter (P < 0 .01), crude 
protein (P ≤ 0.08) and energy (P < 0.01) coefficients of digestibility, 
and metabolizable energy (P < 0.01) compared with AGP (184 kcal) and 
PC group (164 kcal) . In conclusion, the supplementation of P(OA+EO) 
with an AGP promoted positive effects in challenged broiler.

Key Words: broiler, digestibility, essential oils, immune response, 
organic acid

301   Focal duodenal necrosis is evident in end-of-lay table egg 
flocks in Saskatchewan, Canada. Tennille D . Knezacek*1, Jenny A . 
Fricke2, and Henry L . Classen1, 1Department of Animal and Poul-
try Science, University of Saskatchewan, Saskatoon, SK, Canada, 
2Department of Veterinary Pathology, Western College of Veterinary 
Medicine, University of Saskatchewan, Saskatoon, SK, Canada.

Focal duodenal necrosis (FDN) has been diagnosed sporadically in 
Saskatchewan layer flocks. A survey was conducted to investigate the 
incidence of FDN in 5 70-week-old laying hen flocks in Saskatchewan, 
Canada. From each flock, 100 birds were euthanized and the presence 
or absence of FDN lesions in the duodenal loop was recorded. On a 
sub-set of the euthanized birds from each flock (n = 40), body weight, as 
well as full and empty gizzard weights were documented to determine 
if hen size and gizzard function affected FDN occurrence. Chi-squared 
analysis compared FDN prevalence between flocks. Hen and gizzard 
weight data were analyzed using Proc CORR of SAS 9.4. Despite a lack 
of reported clinical signs, all flocks had birds exhibiting FDN lesions. 
The average incidence of FDN from all birds examined was 25.7% (n 
= 498), with significant differences between flocks (range: 6 to 49% 
FDN positive). Pale-colored depressions in the duodenal wall were 
observed in an average of 8.4% of the birds (flock range: 1 to 19%) and 
recorded as focal depressions. Hen weight did not affect the prevalence 
of FDN. With the exception of one flock, relative full and empty giz-
zard weights were not related to FDN. A comprehensive field study of 
laying hen flocks at different stages of production is required to monitor 
and better understand the effect of FDN on laying hen performance in 
Saskatchewan.

Key Words: laying hen, small intestine, enteric disease, gray gut

302   Factors influencing coccidiosis as a disease challenge 
model for broiler chickens housed in cages. Rachel K . Savary*, 
Timothy A. Fiss, Dawn A. Abbott, Jenny A. Fricke, Andrew G. Van 
Kessel, and Henry L . Classen, University of Saskatchewan, Saska-
toon, SK, Canada.

Reduced use of medication in animal feeding has led to increased 
investigation of dietary factors that enhance bird health . Disease models 
are required for this research and this study used 3 trials to evaluate 
coccidial vaccination for this purpose. Trials 1 and 2 were randomized 
complete block designs with 4 doses (0, 10, 20, or 30 × label dose) of 
Coccivac-B (Merck Animal Health) administered to 12 replicate cages 
of 6 birds by repeater pipette (Trial 1) or gavaging needle (Trial 2) . Trial 
3 used a completely randomized design with 0 and 30 × label dose of 
Coccivac-B52 (Merck Animal Health) administered by gavaging needle 
to 6 replicate cages of 6 birds . Gavaging occurred at 15 d and response 
criteria were evaluated 7 d later in all trials and again at 10 d in Trials 
1 and 2 . All means are reported in order of increasing vaccine dose 
with significance at P ≤ 0.05. Broiler performance was not affected 
by vaccination in Trials 1 and 3, but declined linearly in Trial 2 (body 
weight gain: 465, 421, 388, 365 g; gain to feed: 0.72, 0.68, 0.66, 0.63). 
As vaccine dose increased, AMEn decreased (Trial 1: 3387, 3318, 3267, 
3170 kcal kg−1; Trial 2: 3358, 2535, 2422, 2309 kcal kg−1), while relative 
weight, length and content for intestinal sections increased (Trials 1–3). 
Gross lesion (duodenum, jejunum/ileum, ceca) and microscopic oocyst 
scores (jejunum/ileum, ceca) increased with dose, however gross scor-
ing did not distinguish differences satisfactorily in the jejunum/ileum. 
Gavaging needle more accurately delivered vaccine to the crop than the 
repeater pipette and larger differences in response were seen at 7 than 
10 d. Intestinal weight and AMEn were more reliable response criteria 
of vaccine dose than performance. While lesion and oocyst scores were 
useful in confirming infection, high variability and limited accuracy 
suggest scoring may be unreliable for evaluating subtle nutritional 
influences. Careful attention to protocol development will be crucial 
for the effective application of a coccidial vaccination model to assess 
dietary factors affecting bird health .

Key Words: coccidiosis vaccination, gavaging technique, dose 
response, vaccine formulation, sampling day

303   Ileal and cecal microbiota in early onset of necrotic enteri-
tis in chickens. Rosemary L . Walzem*1, Thomas Gaydos2, Omar 
Gutierrez2, Katie Burchfield1, and Audrey P . McElroy1, 1Texas A&M 
University, College Station, TX, 2HuvePharma, Peachtree City, GA.

Necrotic enteritis, NE, causes significant morbidity and economic 
loss within the poultry industry. Detailed analyses of early changes 
in microbiota during NE are scarce. Birds studied were drawn from 
90 pens (n = 28 male broilers/pen, 15 pens/diet) that were fed one of 
2 basal diets differing in Ca content (0.95% or 0.75%) and either no, 
or one of 2 supplemental products. The first observed incidence of NE 
identified 19 birds on d 18. A healthy pen-mate was taken to compare 
with each NE bird. Birds were euthanized by CO2 asphyxia immediately 
before collection of distal ileum and cecum. Tissues were transferred 
to sterile tubes and sent to MrDNA Lab (Lubbock, TX) for microbiota 
characterization using Illumina sequencing with >12.5K reads follow-
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ing rarefaction . NE incidence varied by diet, but microbiota outcomes 
varied significantly by health status only and were pooled across diet to 
give healthy (n = 19) and NE (n = 19) bird groups for ileum and cecum . 
Alpha diversity, species richness, was greater in cecum than ileum in 
both healthy and NE birds (P < 2.5 × 10−19, Chao1) with similar values 
for healthy and NE birds within each sampling location. Beta diversity 
assesses whether differences exist between populations and is most valid 
when α diversity is equivalent. PCoA found no difference in ileal popu-
lations of healthy and NE birds, albeit at the genus level streptococcus 

was reduced (P < 0 .016) in NE ileum . Cecal populations separated but 
did not fully diverge . NE birds had reduced Firmicutes (P < 0 .0042) and 
increased proteobacteria (P < 0.055). Reductions within the eubacteria 
and Lachnospiraceae familes were most responsible for Firmicutes 
loss, while Enterobacteriaceae family members were most responsible 
for increases in proteobacteria . Changes to metabolic processes of ileal 
bacterial may amplify changes seen in cecal populations .

Key Words: broiler, necrotic enteritis, microbiota, ileum, cecum
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304   Including copper sulfate or dicopper oxide in the diet 
up to 300 mg of Cu/kg of feed affects performance and copper 
accumulation in broiler chicken. Manel Hamdi1, David Solà Oriol1, 
Rosa Franco Rosselló1, Stéphane Durosoy*2, and José Francisco 
Pérez1, 1Animal Nutrition and Welfare Service (SNiBA), Departament 
de Ciència Animal i dels Aliments, Universitat Autònoma de Barce-
lona, Bellaterra, Spain, 2Animine, Sillingy, France.

Copper supplementation (125 to 250 ppm) in poultry diets is a common 
practice in many non-EU countries to enhance bird health, but high 
amounts of Cu may affect animal performances and interact with phytate. 
However, these effects could depend on the nature of the Cu source. 
The objective of this trial was to compare the effect of copper sulfate 
(CuSO4) and dicopper oxide (Cu2O, CoRouge) at 3 levels of dietary Cu 
(15, 150, 300 ppm) in the diets following a 2 × 3 factorial arrangement. 
A total of 576 one-day male broiler chickens (Ross 308) were randomly 
distributed into 6 experimental groups (8 pens/ treatment, with 12 birds/ 
pen). Body weight (BW) and feed intake (FI) were recorded weekly up 
to d 35. On d 35 post hatch, 1 bird per replicate was euthanized, skin fat 
and breast muscle were sampled, and liver and kidney were collected and 
weighted for Cu determination. Cu sources were also evaluated in vitro 
to measure Cu solubility, PP (phytic phosphorus) hydrolysis by phytase 
at pH 2 .5, 4 .5 and 6 .5 . The use of 300 ppm from CuSO4 decreased (P = 
0 .001) BW on d 14, 28 and 35 and increased (P = 0 .04) liver Cu content 
in comparison with the use of 300 ppm from Cu2O . Feed conversion 
ratio increased (P = 0.0004) for chicken feeds with 300 ppm from CuSO4 
(2.19) in comparison to those feeds with 300 ppm from Cu2O (1 .84) . 
The use of high level of Cu (300 ppm), either from Cu2O or CuSO4, 
also increased (P < 0 .001) Cu accumulated in kidney and breast muscle 
in comparison to 15 and 150 ppm . Including a level of 300 ppm from 
CuSO4 reduced PP solubility (68.66%) in comparison to Cu2O (97.41%). 
Increasing the levels of Cu with both sources reduced PP hydrolysis by 
phytase at pH = 4 .5 and 6 .5 . It can be concluded that dietary levels of 
150 and 300 ppm Cu from Cu2O are adequate to ensure broiler growth 
performance and limit organ accumulation in comparison to CuSO4 .

Key Words: broiler, copper source, phytate, solubility

305   Effects of copper sources on eggshell ultra-structure and 
yolk quality of broiler breeder hen. Eveline Berwanger1, Sergio 
L . Vieira*1, Liris Kindlein1, Clara Roselina Angel2, Marco Antônio 
Ebbing1, and Bárbara Moreira1, 1UFRGS, Porto Alegre, RS, Brazil, 
2University of Maryland, College Park, MD.

An experiment was conducted to evaluate the effects of increased 
copper (Cu) supplementation in broiler breeder diets from 22 to 44 wk 
of age on eggshell ultra-structure and yolk Cu concentrations . A total 
of 220 Cobb 500 breeder hens 20 wk of age were placed in individual 
cages. Hens were fed a Cu-deficient diet from 20 to 24 wk (2.44 ppm 
in total) to induce Cu depletion. From 25 to 44 wk, hens were fed 5 
dietary treatments with 22 replicates which were composed of a Cu-
deficient diet and 5 increasing levels of Cu supplementation (3.5, 7.0, 
10 .5, 14 .0, and 17 .5 ppm) from Cu sulfate . Eggshell ultra-structure and 
Cu concentration in yolks were evaluated every 28 d, totaling 5 periods. 
Three eggs per treatment were gently broken and evaluated in 3 sections 
(apical, equatorial, and basal). Five measurements (µm) of thickness 
layers (palisade, mammillary, and membrane) were done. A pool of 30 

yolks was lyophilized and Cu content was quantified by inductively 
coupled plasma . Levels of Cu that maximized the evaluated responses 
were estimated by quadratic polynomial regressions. Responses were 
affected by Cu concentration in the diets with a maximum membrane 
layer thickness being observed with a total of 13.91 ppm dietary Cu. A 
maximum mammillary layer thickness was observed with a total of 15.42 
ppm dietary Cu for period 2 and 12 .62 ppm for period 4 . No interaction 
was found between periods and dietary levels of Cu in total yolk Cu 
concentration, but Cu in egg yolks increased to a highest concentration 
at 13.2 ppm dietary Cu (Y = −0.0053 x2 + 0 .1400x + 1 .407; r2 = 0 .15; 
P = 0 .0004) for period 4 and 8 .69 ppm (Y = 0 .00181 x2 + 0 .0314x + 
1 .287; r2 = 0 .26; P < 0 .001) for period 3 . In conclusion, broiler breeder 
hens fed diets with supplemented Cu had increased concentration of 
Cu in the yolk and thickness of membrane and mammillary layers of 
eggshell, which were associated with eggs conformation and resistance.

Key Words: copper, eggshell, hen, requirement, yolk

306   Effect of chelated copper on gut health in broilers. Juxing 
Chen*, Karen J. Wedekind, Terra D. Wineman, Mercedes Vazquez-
Añón, and Jeffery Escobar, Novus International Inc., St. Charles, 
MO.

Copper (Cu) has been widely used at pharmacological levels (e.g., 125 
ppm) as growth promoter in poultry. However, the mechanism by which 
high levels of Cu promote growth remains to be determined. It is com-
monly recognized that Cu exerts anti-microbial effects in the gut but 
there is not much direct and consistent data showing that Cu alters the 
population of bacterial species in birds. The objective of this study was 
to understand the mechanism by which Cu methionine hydroxy-analog 
chelate (Cu-MHAC; Mintrex Cu, Novus International, Inc .) improves 
gut health in broilers in comparison to CuSO4 . Wheat-barley-soybean 
meal based diets were formulated to meet or exceed nutrient needs. 
Cu-MHAC was supplemented at 15 ppm (M15), or 30 ppm (M30) in 
final diets. CuSO4 was supplemented at 125 ppm (ITM). Supplemental 
levels of Zn (100 ppm), Mn (90 ppm), Fe (40 ppm), I (1 .25 ppm), and 
Se (0.3 ppm) from inorganic sources were equal among treatments. Each 
diet was fed to 9 replicate pens of 10 Ross 308 male broilers. Data were 
analyzed by one-way ANOVA. M15 improved (P < 0 .04) performance 
index during grower phase (d 15–28) and d 28 cumulative performance 
index compared with ITM. Compared with ITM, M15 reduced the thick-
ness of muscular layer of duodenum (P < 0 .1), jejunum (P < 0 .004) and 
ileum (P < 0 .001), and crypt depth in ileum (P < 0 .03); M30 reduced 
the muscular layer thickness of duodenum (P < 0 .008) and jejunum (P 
< 0 .1) in birds of 42 d of age . These results indicate that Cu-MHAC 
improved gut morphology and likely reduced the needs of energy and 
nutrients to maintain gut barrier function . M30 reduced (P < 0 .05) total 
bacteria in cecum, both M15 (P < 0 .03) and M30 (P < 0 .06) reduced 
the ratio of Firmicutes to total bacteria in cecum compared with ITM 
in birds of 42 d of age . Taken together, Cu-MHAC improved gut health 
of broilers by maintaining better gut structural integrity and shifting the 
gastrointestinal microbiota to more beneficial microflora, which led to 
better growth performance index.

Key Words: chelated copper, gut morphometry, gut health, 
microbiota
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307   Hen calcium and phosphorus metabolism during the egg-
laying cycle. Toshie Sugiyama*, Chiharu Miyakawa, and Minami 
Uchida, Niigata University, Niigata, Japan.

Egg-laying hens require a large amount of calcium (Ca) to support the 
formation of eggshell; each eggshell consist of 2 .3 g of Ca . Dietary Ca is 
absorbed from the intestines and 40% of the absorbed Ca is then stored 
in medullary bone . Medullary bone supplies Ca for eggshell formation . 
In addition to Ca, phosphorus is deposited in the bone marrow cavity 
as inorganic phosphorus (Pi) in the form of hydroxyapatite . Therefore, 
Pi may play an important indirect role in daily eggshell formation . The 
absorption of Ca and Pi are closely correlated with the expression of 
Ca-binding protein (CaBP) and type II sodium-phosphate cotransporter 
(NaPi-II), respectively. In this study, 40-week old-egg-laying chickens 
(White Leghorn Hens) were killed at 2 periods: (1) when an egg was 
not in the shell gland (non-eggshell formation period); and (2) when an 
egg was in the shell gland of oviduct (eggshell formation period). The 
relative expression of CaBP and NaPi-II isotype (IIa and IIb) mRNAs in 
the intestines, kidney and eggshell gland was measured using real time-
PCR. The concentrations of Ca and Pi in serum were also calculated. 
As a result, serum Ca concentration represented no differences between 
non-eggshell formation and eggshell formation periods. However, serum 
Pi concentration in eggshell formation period was higher than that in 
non-eggshell formation period (P < 0.05). CaBP mRNA expression was 
observed in all intestinal segments, kidney and eggshell gland, and their 
expression was high in order of the jejunum, duodenum, cecum, ileum, 
kidney, and shell gland . Most of them, except for the shell gland, also 
decreased at the eggshell formation period . On the other hand, NaPi-IIa 
isotype mRNA was expressed only in the kidney, and the expressions 
of NaPi-IIb mRNA were high in order of the duodenum, jejunum, and 
shell gland. These expressions were also higher at the non-eggshell 
formation period . These results suggest the Ca and Pi (re)absorption in 
the intestines and kidney is altered during the egg-laying cycle .

Key Words: egg-laying cycle, calcium-binding protein, type II 
sodium-phosphate cotransporter, intestine, kidney

308   Investigation of the effects of dietary Ca and P deficiency 
(depletion) and of the following recovery (repletion) on broiler 
chicken growth performance and bone characteristics. Anne-
Sophie Valable*1,2, Agnès Narcy2, Michel Duclos2, Greg Page3, and 
Marie-Pierre Letourneau-Montminy1, 1Laval University, Quebec, 
QC, Canada, 2INRA Poultry Research unit, Nouzilly, France, 3Trouw 
Nutrition AgResearch, Guelph, ON, Canada.

The ability of birds to modify dietary P utilization when fed with low-P 
and -Ca diets was studied using different sequences of dietary P and 
calcium (Ca) restriction (depletion) and recovery (repletion) during the 
grower and the finisher phases. A total of 3600 Ross 708 broilers were 
randomly divided into 10 replicate pens per treatment . A common starter 
diet (d0 to d10) was fed to all treatments. During the grower phase (d 
10–21), broilers were fed either a positive control (C+: 0.90% Ca, 0.39% 
nPP), a negative control (C−: 0.71% Ca, 0.35% nPP) or a low Ca and 
nPP diet (L: 0.60% Ca, 0.30% nPP). During the finisher phase (d 21–37), 
the levels in C+, C- and L diets were respectively 0.85, 0.57 and 0.48% 
Ca and 0.35, 0.29 and 0.24% nPP. A total of 6 dietary sequences were 
tested: C+C+, C−C−, LC+, LC−, C−L and LL. Bone mineralization was 
determined at d 21 and d 37 through toe and tibia ash weight and tibia 
breaking strength (BS). No effect was observed on growth performance 
throughout the experiment. At d 21, bone mineralization was similar in 
birds fed L and C- which were lower than in those fed the C+ diet (L vs 
C+,-12, −11 and −10% for BS, tibia and toe ash weight respectively, P < 
0.05). At d 37, BS and toe ash weight did not differ between LC+, LC-, 

C+C+, and C-C-, but tibia ash weight was reduced in LC- compared 
with the C+C+ (P < 0.05). Birds receiving the finisher L diet (C-L and 
LL) had similar tibia and toe ash weights, which were lower than those 
fed the C+C+ control diet (−20 and −13 for tibia and toe ash weight, 
respectively, P < 0.05). Tibia BS was lower with LL than with C+C+ 
(−19%, P < 0.05). Results confirmed the possibility to reduce dietary Ca 
and nPP in grower broilers without affecting final growth performance 
or bone mineralization when receiving a sufficient Ca and nPP finisher 
program. The practical applications of this promising alternative require 
further study to optimize depletion-repletion strategies .

Key Words: phosphorus, calcium, adaptation, feeding strategies, 
broiler

309   Effect of dietary 25-hydroxycholecalciferol on broiler 
chicken skeletal muscle proximate composition. Mariah A . Hiott1, 
Kelly C . Hutton2, Mathew A. Vaughn2, Bradley J . Turner3, Gilberto 
Litta3, and Jessica D . Starkey*1,2, 1Auburn University, Auburn, AL, 
2Texas Tech University, Lubbock, TX, 3DSM Nutritional Products, 
Parsippany, NJ.

Increases in breast meat yield have been observed in broiler chickens 
fed the vitamin D metabolite 25-hydroxycholecalciferol (25OHD3; 
Rovimix Hy∙D, DSM Nutritional Products). The positive impact on 
breast meat yield has previously been shown to be a result of a satellite 
cell-mediated increase in myofibrillar protein accretion and consequent 
muscle fiber hypertrophic growth. Our objective was to determine 
the effect of feeding 25OHD3 on the proximate composition of both 
fast-twitch (pectoralis major; PM) and slow-twitch (biceps femoris; 
BF) muscles. Day-old male Ross 708 broiler chicks (n = 150) were 
obtained from a commercial hatchery and fed 1 of 2 corn-soybean 
meal-based diets for 49 d. The control diet (CTL) was formulated to 
provide 5,000 IU vitamin D3/kg of diet, while the experimental diet 
(25OHD3) provided 2,240 IU vitamin D3/kg diet + 69 µg of 25OHD3/
kg of diet. Ten birds per treatment were harvested on d 35, 42, and 49. 
Blood was collected from each bird at harvest to determine vitamin D 
status. The PM and BF muscles were weighed and a sub-sample was 
collected from each bird for proximate analysis (percent moisture, ash, 
protein, and fat) . Circulating 25OHD3 concentrations were greater in 
25OHD3-fed birds on d 35, 42, and 49 when compared with those fed 
the CTL diet containing only vitamin D3 (P < 0 .001) . Mass of the PM 
and BF muscles was similar among treatment (P > 0 .05) . Although ash 
content of the BF muscle was greater on d 49 in the 25OHD3-fed birds 
compared with CTL (P = 0.04), no other significant differences were 
observed in moisture, fat, or protein content on d 35, 42, and 49 . Feeding 
25OHD3 did not significantly alter the proximate composition of the 
PM muscles of broiler chickens on d 35, 42, or 49 (P > 0 .05) . Dietary 
inclusion of 25OHD3 positively affected vitamin D status, but did not 
affect the proximate composition of broiler skeletal muscle .

Key Words: 25-hydroxycholecalciferol, muscle proximate composi-
tion, broiler chicken

310   Vitamin E and selenium source or level effect on broiler 
breeders antioxidant status and performances. Mickaël Briens1, 
Rama Rao Savaram Venkata2, Robert B . Shirley*1, and Yves Mer-
cier1, 1Adisseo France S.A.S., Antony, France, 2Project Directorate 
on Poultry, Hyderabad, India.

Eight hundred female broiler breeders (Cobb 400) at 51 weeks of age 
were divided into 4 groups × 10 replicates × 20 birds, in a 2 × 2 facto-
rial design: 2 α-tocopherol levels, 50 or 200 ppm Vit E and 2 selenium 
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sources, sodium selenite (SS) or hydroxy-selenomethionine (OH-SeMet) 
at 0.3 ppm Se. Those 4 treatments were distributed from wk 51 of 
animal age to wk 64. Laying performances were recorded throughout 
this period; 8 eggs per replicate were collected at wk 54, wk 58 and wk 
62 for egg quality measurements. One animal per replicate was blood 
sampled for antioxidant parameters at the same times (wk 54, 58 and 
62). Finally, on wk 58 and wk 62, eggs were collected and incubated at 
room temperature for 5 or 10 d . Egg production, feed conversion ratio 
and egg quality parameters were not affected by the different treat-
ments throughout the study period (P > 0 .05) . Other results indicated 
main improvements caused by Se sources rather than Vit E levels . 
Glutathione peroxidase (GPx) and glutathione reductase (GR) activity 
were numerically enhanced in OH-SeMet groups compared with SS at 
wk 54, 58 and 56, the enhancement of GR activity reach significance at 
wk 62 (P < 0.05). Superoxide dismutase activity appeared significantly 
improved in OH-SeMet groups compared with SS groups at wk 58 (P < 
0 .05) and only numerical improved for the 2 other periods . Storage time 
of eggs prior incubation significantly lowered hatchability (P < 0 .05), 
but results indicated that OH-SeMet groups significantly maintained 
a better hatchability at wk 62 compared with SS groups: 81.2% and 
78.3%, respectively (P < 0.05). Those improvements were observed 
through several antioxidant parameters at the animal level using OH-
SeMet compared with SS; hatchability was also maintained at a higher 
level with OH-SeMet an indication that such an organic selenium source 
can contribute to improve antioxidant status of the animal and influence 
its performance .

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

311   Withdrawn

312   Effect in broilers of dietary fiber from rapeseed meal on 
phosphorus and calcium digestibility in diets supplemented with 
microbial phytase. Marion Bournazel*1,2, Michel Lessire1, Nathalie 
Meme1, Michel Magnin2, Corinne Peyronnet3, Alain Quinsac4, 
Michel Duclos1, and Agnès Narcy1, 1Insitut National de la Recherche 
Agronomique–Unité de Recherches Avicoles, Nouzilly, France, 2MiX-
science, Bruz, France, 3Terres Univia, Paris, France, 4Terres Inovia, 
Pessac, France.

Byproducts such as rapeseed meal (RM) are commonly used but at a 
relatively low incorporation level as they contain substantial amounts of 
dietary fiber (DF) and high phytate levels. This study was designed to 
evaluate the effects of DF from RM on the action of microbial phytase 
(MP) and on phosphorus (P) and calcium (Ca) digestibility . The effect 
of MP from Aspergillus niger (0 or 750 FTU/kg) was tested in diets 
differing in their DF content by adding regular RM (RRM), dehulled 
RM (DRM) or DRM supplemented with 2 levels of rapeseed hulls (3.6 
and 7.2% for HRM1 and HRM2). A total of 144 male Ross 308 chicks 
(288.5 g BW) were fed 8 diets in a 4 × 2 factorial arrangement from 
10 to 21 d of age. At d 21, animals were slaughtered after a blood sam-
pling. The proventriculus-gizzard (PG) was weighed and the contents 
of the lower half of the ileum were collected to determine apparent 
ileal digestibility (AID) of P and Ca. Polynomial contrasts were used 
to study the linear (Lin) effects of MP and the dehulling process, and 
the Lin and quadratic (Qua) effects of hull supplementation. Inclusion 
of hulls in diets supplemented with MP decreased feed intake, average 
daily gain and final body weight (Lin, Qua, P < 0.10) whereas RRM 
did not impair growth performance compared with DRM. The weight of 
the PG was higher with the inclusion of hulls (Lin, Qua, P < 0 .10) but 

was decreased by dehulling (P < 0 .10) . Microbial phytase improved the 
AID of P (+11 points; P < 0 .001) and plasma P (+4 points, P < 0 .001) . 
Inclusion of hulls in diets supplemented with MP enhanced the AID of 
P and Ca (Lin, Qua, P < 0.01), probably through greater efficiency of 
the PG . Without MP, the increased levels of hulls decreased the AID of 
Ca (P < 0 .001) and plasma Ca (P < 0 .001) . On the other hand, dehulling 
had a positive effect on Ca AID and plasma Ca (P < 0 .05), illustrating 
a greater accessibility of the element to digestive processes . In conclu-
sion, DF from RM may affect positively the action of MP in improving 
P and Ca digestibility .

Key Words: phosphorus, rapeseed meal, dehulling process, dietary 
fiber, microbial phytase

313   Supplementation of arginine, selenium, and vitamins E 
and C increased the tendon breaking strength in broilers raised 
at 2278 m above sea level. Leodan T . Rodríguez-Ortega1, Artemio J . 
Vargas-Galicia1, Fernando González-Cerón*3, Arturo Pro-Martínez1, 
Eliseo Sosa-Montes3, Jaime Bautista-Ortega2, Ciro A . Ruíz-Feria1, 
Gabriel Juárez-Juárez3, and David Chan-Díaz4, 1Colegio de Post-
graduados, Campus Montecillo, Montecillo, México, 2Colegio de 
Postgraduados, Campus Campeche, Champotón, México, 3Univer-
sidad Autónoma Chapingo, Chapingo, México, 4Trouw Nutrition, 
Zapopan, México.

Skeletal disorders associated with leg weakness result in economic losses 
and raising concerns about the well-being of the birds and have been rec-
ognized as a serious problem in fast-growing broilers. The objective of 
this study was to evaluate the effect of arginine (Arg), organic selenium 
(Se), vitamins E and C (Vit E and C) and feed restriction (FR) starting 
at d 14 (FR, 8 h/d), on the tibia (TiBS) and tendon breaking strength 
(TeBS), and body weight (BW) at d 47 in broilers chickens. One-d-old 
male Ross 308 (n = 560) were raised at 2278 m above sea level. The 
treatments were: T1: a non-supplemented basal diet without FR; T2: 
supplemented diet (0.5% Arg, 0.15 mg Se, 120 IU of Vit E, 1g of Vit 
C/kg feed) without FR; T3: basal diet with FR and T4: supplemented 
diet with FR (2 × 2 factorial; 7 pen replicates/treatment). Right tibias 
and calcaneus tendons were collected at d 47 (14 birds/treatment) and 
subjected to breaking strength tests (N). The data were analyzed by 
one-way ANOVA. BW (T1: 3360 ± 46; T2: 3429 ± 46; T3: 3324 ± 46; 
T4: 3346 ± 46 g) and TiBS (T1: 404 ± 20; T2: 406 ± 20, T3: 420 ± 20; 
T4: 394 ± 20 N) were not affected (P > 0 .05) by supplementation or by 
FR. The interaction (supplemented × feed restriction) was significant 
(P < 0.05) in TeBS. The TeBS was consistently higher (P < 0 .05) in 
broilers T4 (263 ± 13 N) than in T1 (168 ± 13 N), T2 (223 ± 13 N) and 
T3 (156 ± 13 N) . The supplementation and feed restriction increased the 
tendon breaking strength in broilers raised at 2278 m above sea level . 
The supplementation and feed restriction did not improve the body 
weight and tibia breaking strength.

Key Words: vitamins E and C, feed restriction, tibia, tendon, body 
weight

314   Bioavailability of zinc oxide sources in broilers. Agnès 
Narcy1, Agathe Roméo2, Yves Nys1, and Stéphane Durosoy*2, 1INRA, 
UR83 Recherches avicoles, Nouzilly, France, 2ANIMINE, Sillingy, 
France.

The objective of the study was to evaluate Zn bioavailability in 3 
sources of Zn oxide (ZnO): 2 sources available on the European (ZnE) 
and the American (ZnA) market and a new product (ZnHZ, HiZox), 
using ZnSO4 monohydrate (ZnS) as a reference. A low-Zn basal diet 
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was formulated in which plant feedstuffs were the only source of Zn 
(22 ppm). Twelve other diets were then prepared by adding to the basal 
diet 7, 14, or 21 ppm of Zn for each source . Nine male Ross broilers 
par treatment were included and allocated in individual cages. Birds 
received one of the 13 experimental diets from d 5 to 21 of age . At 21 
d of age, a sample of blood was removed and the right tibia excised. 
Results indicate a significant interaction between the source and the 
level of Zn (P < 0 .001) on plasma and tibia ash Zn concentrations . 
Indeed, ZnHZ induced a 16 and 29% increase of plasma Zn compared 
with the other sources suggesting a higher digestive availability. In the 

same way, bone Zn concentration was 7, 12, and 26% higher in birds 
having received ZnHZ compared with those fed ZnS, ZnE and ZnA 
respectively. Corroborating the idea under which this better bioavail-
ability may be linked to a faster disappearance of Zn from the lumen, 
total and soluble Zn concentrations in the gizzard and the small intestine 
were lower in birds fed the novel source compared with the others. This 
study confirmed that Zn bioavailability in ZnO is variable and dependent 
of its origin and its processing .

Key Words: broiler, zinc oxide, zinc, bioavailability
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Animal Well-Being and Behavior

315P   The effect of housing Single Combed White Leghorns 
in conventional cages versus enriched colony cages from 23 to 
79 weeks of age on stress and fear. Morgan B . Farnell1, Marcelo 
J . Moreira1, and Gregory S . Archer*2, 1Mississippi State University, 
Mississippi State, MS, 2Texas A&M University, College Station, TX.

The US egg industry is currently moving away from conventional 
cage housing toward larger colony caging systems. However, the most 
common breed in the United States, the Hy-Line W-36, has been selected 
based on conventional housing systems . The effects of housing these 
birds in colony systems on stress and fearfulness has not been exten-
sively investigated . We housed W-36 pullets in either enriched colony 
(ENR) systems or conventional A-frame cages, with manure shields, 
(CON) from 23 to 79 weeks of age. Plasma corticosterone (CORT, n = 
10) and composite physical asymmetry (ASYM, n = 60) were used to 
evaluate the stress response . Tonic immobility (TI, n = 60) and inver-
sion (INV, n = 60) were used to determine fear. Measurements were 
done at 23 wk of age (T1), 33 wk of age (T2), 56 wk of age (T3), and 
79 wk of age (T4). No differences were observed (P > 0 .05) in CORT 
(20.8 ± 8.6 ng/mL), ASYM (1.87 ± 0.13 mm), latency to right during 
TI testing (259.3 ± 16.5 s), or intensity of flapping during INV (4.2 ± 
0.2 flaps/s) at 23 wk of age. The ENR and CON differed in CORT at 
T2 (26.7 ± 4.9 ng/ml vs 11.1 ± 3.3 ng/mL, P = 0 .02), T3 (20 .0 ± 4 .6 
ng/mL vs 7.5 ± 3.2 ng/mL, P = 0.03) and T4 (12.8 ± 2.5 ng/mL vs 6.6 
± 1.4 ng/mL, P = 0 .04) . Similarly, ENR and CON differed in ASYM 
at T2 (2 .08 ± 0 .13 mm vs 1 .58 ± 0 .11 mm, P = 0 .004), T3 (1 .83 ± 0 .10 
mm vs 1 .55 ± 0 .08 mm, P = 0 .03) and T4 (2 .00 ± 0 .15 mm vs 1 .65 ± 
0 .10 mm, P = 0 .05) . Although no difference (P > 0.05) was observed 
in the latency to right during TI at T2 (284 .5 ± 19 .1 s) or T3 (284 .5 ± 
19 .1 s), the ENR did differ from the CON at T4 (325 .9 ± 25 .6 s vs 414 .8 
± 27 .1 s, P = 0.02). The ENR also flapped more intensely during INV 
in T2 (5.22 ± 0.10 vs 4.25 ± 0.36 flaps/s, P < 0 .001), T3 (5 .75 ± 0 .14 
vs 3.88 ± 0.22 flaps/s, P < 0 .001) and T4 (4 .11 ± 0 .18 vs 3 .04 ± 0 .23 
flaps/sec, P < 0.001). This indicates that the ENR were more stressed 
and were more flighty than CON. Furthermore, it appears that housing 
W-36 Leghorns in enriched colony systems may not be desirable over 
conventional cages based on these results .

Key Words: layer, housing, stress, fear

316P   The effect of different spectrums of LED light on hen 
production and welfare from 18 to 30 weeks of age. James A . 
Byrd1 and Gregory S . Archer*2, 1USDA-ARS, College Station, TX, 
2Texas A&M University, College Station, TX.

Light-emitting diode (LED) light bulbs are becoming more prevalent 
in layer production as unlike CFLs they are dimmable are even more 
energy-efficient than CFLs. There is also discussion on whether the 
spectrum of light that is produced by the bulb can affect production, 
stress, and behavior of laying hens. To investigate if differences between 
how the bulb that produce different wavelengths of light affect these 
factors we raised 2 sets of hens under either a bulb that produced mainly 
blue light (Once, Inc ., AgriShift MLBG; BLUE), or a bulb that produce 
mainly red light (Once, Inc ., AgriShift MLL; RED) or a bulb that produce 
mainly a yellow light (Overdrive, L10NA19DIM 3000K; YELLOW). 
Each treatment consisted of 30 white leghorn hens and the experiment 
was replicated twice. Stress susceptibility was measured using bilateral 
asymmetry (ASYM), plasma corticosterone concentrations (CORT), 
anti-body production to I .M . KLH injection (KLH) . The RED birds 

had lower ASYM (1.43 ± 0.12 mm) than both the BLUE (1.85 ± 0.14 
mm, P = 0 .03) and YELLOW (1 .86 ± 0 .13 mm, P = 0 .03) . The RED 
(13.8 ± 1.7 ng/mL, P = 0.03) and YELLOW (12.7 ± 1.7 ng/mL, P = 
0.01) birds had lower CORT than the BLUE (21.1 ± 1.8 ng/mL). The 
RED birds (401562 ± 22013 U/mL) had higher KLH titers than both 
the BLUE (338312 ± 18272 U/mL, P = 0 .03) and YELLOW (333814 
± 18790 U/mL, P = 0 .03) . The RED birds (71 .0 ± 1 .5) produced more 
eggs than both the BLUE (66 .9 ± 1 .4, P = 0 .03) and YELLOW (66 .5 ± 
1 .2, P = 0.02) during the 12 week study. The results indicate that spec-
trum of LED light can affect the stress susceptibility and production of 
hens during the early lay period . To determine if this is true throughout 
the lay cycle more research is needed but it is clear that the welfare of 
laying hens can be affected by lighting .

Key Words: layer, light, LED, stress, production

317P   The effect of raising broilers under 3000K or 5000K LED 
light on production, stress, and behavior. Gregory S . Archer*, 
Texas A&M University, College Station, TX.

Light-emitting diode (LED) light bulbs are becoming more prevalent 
in broiler production as they are dimmable and more energy-efficient 
than CFLs. While there is some research on how spectrum of light can 
affect production, little has been conducted on how it may affect stress, 
and behavior. To determine how different spectrum of light produced 
by LED lights could affect production, stress, and behavior we raised 
broilers under either 3000K (WARM) or 5000K (COOL) LED bulbs . To 
determine stress susceptibility bilateral asymmetry (ASYM, n = 60) and 
plasma corticosterone concentrations (CORT, n = 20) were measured. 
Fear was measured using tonic immobility (TI, n = 60), inversion (INV, 
n = 60) and isolation (ISO, n = 60) . Weight gain and feed conversion 
(FCR) were also determined. The COOL birds had lower ASYM (1.63 
± 0 .13 mm, P = 0.004) and CORT (8.8 ± 1.5 ng/dL, P = 0 .005) than the 
WARM birds (2.48 ± 0.25 mm and 28.2 ± 6.3 ng/dL). The COOL birds 
righted faster during TI (132 .7 ± 14 .1 s, P < 0.001), flapped less intensely 
during INV (3.9 ± 0.2 flaps/s, P < 0 .001), and vocalized less during ISO 
(40 .3 ± 4 .0 vocalizations, P = 0.04) when compared with WARM birds 
(234.5 ± 23.2 s, 5.0 ± 0.1 flaps/s and 52.3 ± 4.0 vocalizations). The 
COOL birds (2 .97 ± 0 .04 kg, P = 0.03) also grew to a heavier weight 
at the end of 42d than WARM birds (2 .84 ± 0 .04 kg) . The FCR did not 
differ (P = 0.11) between WARM (1.59 ± 0.01) and COOL birds (1.54 
± 0 .03) . These results demonstrate that raising broilers under 5000K 
LED lights can reduce their stress, fear, and increase weight gain when 
compared with 3000K. These results indicate that it is important not 
only for bird production but bird welfare what spectrum of light they 
are raised under .

Key Words: broiler, light, spectrum, stress, production

318P   Interpreting thermal micro-environment using video 
recordings during live haul. Douglas J . Aldridge*SC, Karen D . 
Christensen, Susan E . Watkins, Yvonne Vizzier-Thaxton, and Yi 
Liang, University of Arkansas, Fayetteville, AR.

The use of thermal and humidity loggers to characterize the micro 
environments has provided valuable to researchers and integrators to 
help ensure and improve the wellbeing of broilers through the live haul 
process . The aim of this study is to further enhance the understanding of 
the live haul process through the use of video recording to observe broil-
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ers in the commercial live haul process. Two focal areas of the transport 
vehicle were identified for investigation. The first consisted of 4 modules, 
2 located immediately before the area known as the drop (the transition 
on a flatbed trailer with 2 levels commonly referred to as a drop deck or 
step deck trailer between the upper and lower deck.) and the 2 modules 
immediately following the drop of the monitored vehicles. The second 
area of interest identified consisted of the 4 modules located at the end 
of the transport vehicle. Twelve cameras were divided among the 2 areas 
of interest. Video recordings were taken during the loading and transport 
stages of the live haul process . Thermal loggers placed in a grid pattern 
with 3 rows (top, middle, and bottom) 3 columns across the modules 
(driver, middle, and passenger) of 4 columns (front 1, back 1, front 2, 
and back 2) for each area of focus . Based on the video, critical factors 
such as sounds, airspeed, and the motion of the vehicle were identified 
to influence live haul micro-environments. These factors were seen 
to influence the movements and location of broilers during transport, 
which in turn directly influence the thermal micro-environments within 
the live haul vehicle . Further research is needed to fully understand the 
effects of each factor and their effects on the movement and locations 
of broilers in the vehicle during transportation .

Key Words: live haul, transport, wellbeing

319P   Hens selected for feather pecking behavior show 
increased levels of impulsive action in a delayed reward task. Pat-
rick Birkl1, Joergen B . Kjaer2, and Alexandra Harlander*1, 1Animal 
Biosciences, University of Guelph, Guelph, ON, Canada, 2Friedrich-
Loeffler Institute, Celle, Lower Saxony, Germany.

Impulsivity is an umbrella term comprised of many dimensions: One 
dimension related to motor control is impulsive action . Feather pecking 
(FP) in laying hens, a motor behavior that involves pecking at or pulling 
out of feathers from conspecifics and thereby damaging the victim, is a 
major welfare problem in egg production. However, whether impulsiv-
ity is a key feature of FP and whether it contributes to an individual’s 
presentation of FP is poorly understood . The current experiment aimed 
to test differences in impulsive action in birds selected for high (HFP) 
and low (LFP) levels of FP activity and an unselected control genotype 
(C). To test these differences, 30 laying hens were trained in an oper-
ant conditioning chamber (Med Associates, USA) to peck a key using 
a fixed-ratio 1 schedule of reinforcement. After pecking at the key, 
the stimulus (illumination) was switched off for 2 s and a sliding door 
opened for food reinforcement (3 s). Birds were then tested on a 5 s 
delay schedule. Each trial lasted 4 min. The number of rewarded pecks, 
unrewarded pecks at (pecks at non-illuminated key) and pecks close to 
the key (wall-pecks), before and after the stimulus was presented, were 
recorded. Overall, rewarded pecks did not differ between genotypes. 
The number of unrewarded pecks at the key differed between genotypes 
(C higher than HFP: P < 0 .0001, LFP higher than HFP: P < 0 .0001 but 
not C vs LFP: P < 0.1). The number of pecks near the stimulus (wall-
pecks) after successfully pecking the illuminated key, differed between 
all 3 genotypes (HFP higher than C: P < 0 .01, C higher than LFP: P 
< 0 .02, HFP higher than LFP: P < 0 .0001) . The number of premature 
responses (pecking at wall before key-illumination) differed between 
genotypes (HFP higher than C: P < 0 .001, HFP higher than LFP: P < 
0 .002, but not C vs LFP: P < 0.34). These genotype specific behavioral 
differences could be of great importance when trying to address feather 
pecking by selective breeding .

Key Words: feather pecking, genetics, selection, impulsivity, Skinner 
box

320P   Do laying hens discriminate between artificially and 
naturally sourced ammonia gas mixtures? Bishwo B. Pokharel1, 
Vinicius Santos1,2, David Wood3, Bill V . Heyst3, and Alexandra Har-
lander*1, 1Department of Animal Biosciences, University of Guelph, 
Guelph, ON, Canada, 2Zootecnista, Brasília, Brazil, 3School of Engi-
neering, University of Guelph, Guelph, ON, Canada.

In commercial poultry barn settings, birds are chronically exposed 
to high levels of manure gases . Despite manure avoidance behavior 
having demonstrated in other species, it remains poorly understood 
in laying hens. Previous studies of this behavior have used artificially 
sourced (from cylinder) ammonia/air gas mixtures demonstrating that 
birds prefer fresh air to the gas mixtures. However, this may not reflect 
barn conditions where a variety of gases emanate from manure. In our 
study 20 laying hens were used to determine how foraging behavior 
is affected when exposed to artificially sourced (A; air/ammonia from 
cylinder) and naturally sourced (N; from conspecific laying hen feces) 
gas mixture. Hens were exposed to A and N mixtures with ammonia 
concentrations of 25 and 45 ppm, as well as fresh air (FA). During the 
trial, all birds were exposed to each treatment 3 times in a purpose built 
Plexiglas chamber, equipped with a foraging area (raisins, mealworms, 
feed mix) and a gas delivery system. All sessions were video recorded, 
analyzed with INTERACT software and subjected to GLIMMIX pro-
cedure of SAS. Our results showed that the birds took more time to 
commence foraging (P < 0 .01) and spent less time foraging overall (P 
< 0.001) in both A and N treatments compared with FA, consistent with 
findings of related previous studies. Birds were more likely to forage 
longer [with fewer interruptions] in 25 and 45 ppm N than in 25 and 45 
ppm A treatments (P < 0.001). These findings suggest that the birds of 
our study were able to discriminate between artificially and naturally 
sourced gas mixtures, likely due to the presence of other gases from the 
feces samples. The presence of conspecific feces may have acted as a 
more familiar positive stimulus .

Key Words: ammonia, behavior, feces, laying hens, manure gas

321P   Gait scores of broiler chickens provided different 
photoperiods and feed form. Kayla Graham*SC, Nora Weatherbee, 
and Bruce Rathgeber, Faculty of Agriculture, Dalhousie University, 
Truro, NS, Canada.

The study investigated the effect of an incubation photoperiod, rearing 
photoperiod and feed form on gait score of broiler chickens . In total, 
3,120 Ross 308 broiler eggs were randomly assigned to 2 lighting treat-
ments for the entire incubation period. One treatment was a control of 
0 h light and 24 h dark and the second was 12 h light and 12 h dark 
supplied by LED lights. Then, 2,816 broiler chicks were removed from 
the incubators and randomly assigned to 16 pens/room in 4 rooms. Two 
rooms had a photoperiod of 20 h light and 4 h dark and 2 rooms were set 
to 23 h light and 1 h dark after the first 2 d. Feed form was randomly and 
evenly assigned to the pens using a mash and pellet diet. Gait score was 
evaluated at 33 d of age using a 5-point scoring system and results were 
analyzed using the Proc Mixed Procedure of ANOVA . Female broiler 
chickens provided the mash diet had a lower gait score (P < 0.05) with 
20 h of light (0.38 ± 0.08) compared with 23 h of light (0.50 ± 0.08) 
as well as the pellet diet with 20 h light (0.83 ± 0.08). There was also 
a significant difference (P < 0.05) between feed forms with 23 h light 
for the male broilers; the mash diet (0.69 ± 0.08) had a lower gait score 
compared with the pellet diet (1.09 ± 0.08). Providing a photoperiod of 
12 h light and 12 h dark during incubation improved the gait score (P < 
0.05) of chickens fed a mash diet (0.50 ± 0.06) compared with those fed 
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a pellet diet (0 .95 ± 0 .06) . The results indicate that feeding a mash diet 
improves the gait score, while further research is required to determine 
the effects of a photoperiod on gait score .

Key Words: broiler chicken, lighting, feed form, incubation, gait 
score

322P   Effect of commercial housing type on laying hen welfare 
and bone characteristics in Alberta. Clover J . Bench, Emmanuel 
Y . Opoku*, Caitlyn Erickson, and Douglas R . Korver, University of 
Alberta, Edmonton, AB, Canada.

Welfare assessments may not capture bone strength and bone density 
outcomes in alternative housing systems . As egg producers transition 
from conventional cages to alternative housing systems, reliable infor-
mation is needed regarding all potential advantages and disadvantages 
of housing options. Sixteen Alberta flocks, representing 4 housing 
types (conventional, enriched, aviary, free run) were evaluated at the 
end of the laying cycle for welfare, bone strength, keel damage, and 
inflammation. Welfare was assessed using the Welfare Quality Assess-
ment Protocol for Layers, including clinical scores (100 hens/flock) for 
feather coverage, keel damage and prominence, comb and skin lesions, 
and foot pad health. Blood sampling (20 birds/flock) measured nitric 
oxide (NO) and IL-6 as acute inflammation markers. Femur samples 
and keel data were also analyzed in sampled hens for keel breaks, angle 
of deviations, keel notching, bone breaking strength, bone density and 
area, and cortical bone versus bone in the trabecular space. All data was 
analyzed by housing type using a generalized liner mixed model with 
flock as the random variable and experimental unit (GLIMMIX; SAS 
9.4). Results found welfare trade-offs between caged and cage-free 
housing systems depending on the variable measured . Enriched hous-
ing scored best for clinical scores (e .g ., comb, skin and foot pads; P < 
0.0001) whereas free run housing scored lowest (e.g., feather coverage, 
keel prominence, comb and skin lesions, foot pad health; P < 0 .0001) . In 
contrast, aviary housing scored highest for bone strength (P < 0 .0001), 
bone area (P < 0 .0001), cortical area (P < 0 .0001), and IL-6 (P < 0 .05), 
while enriched housing scored highest for cortical bone density (P < 
0 .05), and conventional housing scored highest for bone density (P < 
0.0001). Conventionally housed hens scored highest on keel health [e.g., 
keel notches (P < 0.05) and % keel damaged (P < 0 .001)] compared 
with aviary housing, which scored lowest. The results emphasize the 

importance of multiple variables to determine welfare friendly alterna-
tives to conventional hen housing .

Key Words: hen housing, welfare, bone strength, keels

323P   Effects of a probiotic, Bacillus subtilis, on bone health 
in heat-stressed broiler chickens. Fei-Fei Yan*1, Wei-Chao Wang1, 
Ross Wolfenden2, and Heng-Wei Cheng3, 1Department of Animal Sci-
ences, Purdue University, West Lafayette, IN, 2Pacific Vet Group-USA 
Inc., Fayetteville, AR, 3USDA-ARS, Livestock Behavior Research 
Unit, West Lafayette, IN.

Heat stress as an environmental stressor causes abnormalities and archi-
tectural deterioration of bone tissue in animals including chickens . The 
objective of this study was to determine whether dietary supplementa-
tion of Bacillus subtilis can improve bone health in heat stressed broiler 
chickens. One hundred twenty 1-d-old Ross 708 broilers were assigned 
to 24 floor pens based on their body weights. The broilers were fed either 
a basal diet or the diet mixed with a commercial probiotic (250ppm, 1 
× 106 cfu/g of feed) for 6 wk (n = 12). The probiotic consists of 3 types 
of Bacillus subtilis. Room temperature was gradually decreased from 
35°C on d 1 by 0.5°C/d for the first 14 d. From d 15, room temperature 
was kept at 32°C for 10 h (0700h to 1700h) daily until the end of the 
experiment. At d 43, the tibias and femurs were collected for measuring 
mineral content and morphometric characteristics; serum was collected 
to determine osteocalcin, cross-linked C-terminal telopeptide of type I 
collagen (CTX), calcium, and phosphorus levels . Latency to lie (LTL) as 
a leg strength indicator was performed at d 44. Compared with controls, 
broilers fed with the probiotic had significantly higher tibial weight and 
width, tibiotarsi weight/length index, tibiotarsal index, and robusticity 
index . In addition, probiotic fed broilers had a tendency to have higher 
tibial bone mineral density and femoral width. Furthermore, the levels 
of serum CTX were significantly reduced by the probiotic supplemen-
tation, while outcome of LTL test and serum osteocalcin, calcium, and 
phosphorus levels were not affected. These results indicate that dietary 
supplementation of probiotics has a significant role in alleviating the 
detrimental effect of heat stress on broiler bone health via downregulat-
ing bone resorption .

Key Words: heat stress, probiotic, bone mass, bone remodeling, 
mineral
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324P   Assessment of the A.S.P.I.R.E. (ACT Supplemental 
Preparation In Rural Education) program as an effective exten-
sion tool to decrease deficits in ACT college entrance examination 
scores in rural high school students. Braxton T . Whitaker*SC, Jason 
A . Osborne, Kenneth Anderson, and Kimberly A . Livingston, North 
Carolina State University, Raleigh, NC.

The college admissions process evaluates 5 major areas when determin-
ing whether or not a student is eligible for admission: GPA, personal 
statement, extracurricular activities, letter(s) of recommendation, and 
SAT/ACT examination scores. Many rural high school students are on 
track for admission to a land-grant institution until review of their SAT/
ACT scores . Although these rural students come from agriculturally 
intensive counties, they are also socioeconomically distressed counties . 
Therefore, these students often display lower examination scores than 
those students from urban counties . Fifteen of the top 16 agriculture-
producing counties in North Carolina are considered rural . The students 
from rural counties are often unsuccessful in obtaining admissions to 
universities that offer Bachelor of Science degrees in agriculture and 
life sciences because of significantly lower scores on college entrance 
exams, such as the ACT . The A .S .P .I .R .E . program has been running in 
cooperation with North Carolina State University over the past 5 years. 
The goal of the A.S.P.I.R.E. program is to bridge the gap between rural 
high school students’ performance on the ACT and the performance on 
the same examination by their urban counterparts . The program consists 
of 30 h of ACT preparation, including 4 practice examinations over a 
10-wk period. Data related to completion rate was collected in conjunc-
tion with the practice ACT scores as well as the students’ weighted GPA. 
Upon evaluation of participant’s first composite score versus fourth 
composite score using SAS proc correlation, there was a significant 
increase between the 2 by 1.87 points (P < 0 .0001) . In conclusion, the 
A .S .P .I .R .E . program is an effective tool that reduces the gap in scores 
between rural and urban high school students.

Key Words: A .S .P .I .R .E ., extension, ACT scores, rural, high school 
students

325P   A cohort approach to graduate education: Attracting and 
retaining minorities in the biomedical and behavioral sciences. Ed 
Smith*, David Bevan, Steven Culver, and Eric Wong, Virginia Tech, 
Blacksburg, VA.

Even as minority groups increase in the general population in the United 
States, the sciences, including agricultural and biomedical sciences, 
continue to lack diversity. At Virginia Tech (VT), we have developed 
competitively funded programs that together have attracted over 125 
scholars from geographically diverse institutions and in multiple dis-
ciplines. Here, we describe the “moving in” and “moving through” 
aspects of the VT Postbaccalaureate Research and Education Program 
(PREP) and VT Initiative to Maximize Student Driver (IMSD) training 
programs that have produced almost 50 PhDs, 5 of whom are assistant 
professors in tenure-track positions . Trainees learn skills essential to 
succeed in biomedical research including presentation, mentoring, and 
grant writing. During the on-campus interview, shortlisted candidates 
are brought in as a group so they get acquainted, share rooms, and 
interact with current trainees as a group. The applicants, if selected, 
use other members of the cohort as a resource for finding apartments 
and determining “move in” time into Blacksburg . This reduces a lot of 

anxiety and gives immediate security to many members of the cohort 
about the moving to a “strange place” that students often encounter . As 
trainees, members of a cohort are supported to go to “bonding dinners” 
or “celebrate birthdays or milestones” of members . Cohort members 
are also encouraged to become “peer resources” for each other during 
challenges such as the prelims, first seminar presentation, and choosing 
a lab mentor following rotations. This cohort approach of implementing 
our training plan has been especially effective for the postbaccalaure-
ate program, VT PREP, because the trainees are at VT for only a year 
and often do not have time to cultivate relationships outside of their 
cohort and research labs. Though anecdotal, invariably a trainee who 
is isolated from a cohort often has a harder time succeeding in the 
program and at VT .

Key Words: biomedical and behavioral sciences, underrepresented 
minorities, cohort, graduate education

326P   Educational program development in response to 2014–
2015 avian influenza outbreak. R . Michael Hulet*, Eva A . Wallner-
Pendleton, Philip J . Clauer, Gregory P . Martin, Patricia A . Dunn, and 
Paul H . Patterson, Penn State University, University Park, PA.

From December 2014 to June 2015, the western and Midwestern United 
States were challenged by the largest and most expensive outbreak of 
highly pathogenic avian influenza (HPAI). As this infection spread across 
the country, it infected and caused the depopulation and disposal of 
greater than 48 million chickens, turkeys, and other avian species . The 
response of the poultry people in the rest of the country was to organize, 
prepare, ban poultry at fairs or meeting places where backyard and hobby 
birds were shown as well as cancelling meetings where poultry people 
congregate. This was first thought of as a disaster for the programs that 
were normally organized for the benefit of these people, but became an 
opportunity to educate, train and inform the poultry enthusiast as well 
as the public. As a result, posters were made on Respiratory Diseases of 
Poultry, Biosecurity Practices to Protect Your Flock, and Best Manage-
ment Practices for Small Scale Egg Production. A banner was displayed 
that said “Why are there no birds at the fair?” Some 4H groups put their 
birds’ photos in the cages and collected donations for a local charity, 
whereas others stood at the posters and answered questions. At the 
Pennsylvania Farm Show, a new bird-less showmanship was developed 
that placed emphasis on biosecurity plans as well as photos in place 
of live birds. Much of the education through the state had to do with 
recognizing a problem, knowing who to call if a disease was observed, 
proper collection of samples, and knowing where to send the samples. 
Early diagnosis was shown to be an aide in curtailing the spread of the 
diseases, as well as Biosecurity for preventing the disease.

Key Words: education, avian influenza, youth programs, biosecurity

327P   Comparison of roasted soybeans and soybean meal fed 
to pastured broilers. Peter J . Lammers*1 and Libby J . Schertz2, 
1School of Agriculture, University of Wisconsin–Platteville, Platte-
ville, WI, 2Wildlife Prairie Park, Hanna, IL.

Identifying diet formulations that minimize purchase of inputs such as 
soybean meal and synthetic amino acids while maintaining or improving 
bird performance is of great interest to many pastured broiler produc-
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ers. The purpose of this project was to examine the effects of feeding 
pastured broilers following 2 different strategies—a corn-soybean meal 
diet that included synthetic amino acids and an alternative corn-roasted 
soybean diet that did not include synthetic amino acids. Two feeding 
trials were conducted near Lexington, IL (40°39′N, 88°46′W) during 
the summer (July–August) and fall (October–November) of 2013 . In 
each trial 48 broilers (537 ± 14 g) were assigned to 12 pasture pens 
(1.2 × 1.2 × 0.8 m) such that average pen weight was similar for all 
pens. One of 2 dietary treatments—formulated to be equal in terms of 
Met:ME—were randomly assigned to each pen. Bird weight and feed 
disappearance was recorded weekly until birds reached 3,855 g. Least 
squares means were compared using JMP 12.1 (SAS Institute Inc.). 
The statistical model included diet, season, and their interaction terms . 
The experimental unit for all analyses was pen, but results are reported 
on an individual bird basis . Broilers fed diets containing soybean meal 
and synthetic amino acids grew faster than broilers fed diets containing 
roasted soybeans (ADG = 76.6 vs 71.0 g/d; P < 0 .01) . Broilers fed diets 
containing soybean meal and synthetic amino acids also grew more 
efficiently (G:F = 0.37 vs 0.34 g/g; P < 0 .01) . Regardless of diet, birds 
raised in the fall grew faster and more efficiently (P < 0 .05) than birds 
raised during the summer (ADG = 82.2 vs 65.4 g/d; G:F = 0.36 vs 0.34 
g/g). Although diets were formulated to be equal in terms of Met:ME, 
birds fed the 2 diets did not perform similarly . Whether the improved 
performance achieved by feeding soybean meal and synthetic amino 
acids to broilers is sufficient to compensate for the additional costs of 
these inputs should be considered by pasture broiler producers based 
on local circumstances .

Key Words: pastured broiler, soybean meal, roasted soybeans

328P   Regulatory considerations for the use of insects as a 
source of nutrients in poultry and other animal feed. Ciro Ruiz-
Feria*, Charlotte Conway, Adam Orr, William Burkholder, and David 
Edwards, FDA/CVM, Rockville, MD.

The use of insects as a source of protein and energy in the feed of chick-
ens and other animals is gaining interest . Animal food in interstate distri-
bution in the US is regulated by the US Food and Drug Administration 
(FDA) . Ingredients used in animal food must be either approved food 
additives (Title 21 Code of Federal Regulations part 573) or be generally 
recognized as safe (GRAS) for an intended use . Also, ingredients that are 
the subject of an ingredient definition in the Official Publication (OP) of 
the Association of American Feed Control Officials (AAFCO) are widely 
accepted for use in animal food, and FDA generally does not take action 
against them . For insects, the potential exists for undesirable substances 
to accumulate when they are grown on contaminated material, such as 
manure or putrid material not fit for animal consumption. During the 
food additive petition process, we look at the manufacturing methods 
and their effect on the safety of the substance at the intended use rate 
for both the animal and the environment . If the substance is fed to food 
animals, the safety of human food products (meat or eggs) obtained 
from the animals must also be addressed. Literature reports show that 
to avoid contamination the substrate material(s) for food insects should 
be appropriate for animal food use, thus the production and processing 
methods are important to ensure the safety of the final food ingredient. 
The utility of the food additive would need to be demonstrated. Food 
additive regulations are not proprietary, and any firm that can produce 
an ingredient that meets the specifications in the regulation or defini-
tion would be able to market the ingredient. More information about 
the evaluation of novel animal foods and food additives is available at 
www.fda.gov/safefeed.

Key Words: animal food regulation, food additive petition, insects
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329P   Epigenetic effects of progeny from broiler breeders fed a 
diet high in methyl donors. Chelsea Phillips*SC and Christopher M . 
Ashwell, North Carolina State University, Raleigh, NC.

Epigenetic modifications, such as methylation of the genome, can alter 
gene expression and allow organisms to rapidly adapt to environmental 
changes . A diet high in methyl donors may increase DNA methylation 
in progeny causing an epigenetic effect . To test this hypothesis, this 
trial consisted of 20 Ross 708 broiler breeder hens (20 wk of age); 10 
hens received a diet high in methyl donors and the other 10 received a 
standard diet for 4 wk before egg collection. A basal diet was produced 
and used for the methylation diet, supplemented with 3.95 mg/kg vita-
min B6, 1.1 mg/kg folic acid, 0.02 mg/kg vitamin B12, 1.0 g/kg choline 
chloride, and 1.0 g/kg betaine. Semen was collected from a single male 
Ross YPM broiler breeder and used to artificially inseminate all 20 hens. 
Eggs from all hens were collected for 5 d and incubated together until 
hatch, when all chicks were weighed, and neck tagged for identification 
of maternal diet. Chicks were placed together in brooder pens, fed the 
same standard starter diet, and weighed weekly. At 21 d of age, birds 
were euthanized and blood and liver samples were collected for DNA 
isolation followed by global methylation detection using the Methyl-
Flash  Methylated DNA Quantification Kit. There were no significant 
differences in the body weights of the progeny at hatch, d 14, and d 
21, while at d 7, the control chicks were significantly heavier. Tissue 
analysis showed a significant increase (+33%) in Blood DNA methyla-
tion of 2.24% 5-methylcytosine (5-mC) in the progeny from hens fed 
the methylation diet from that of controls (1.69% 5-mC). The opposite 
defect was observed in the liver where the progeny from the hens fed 
the methylation diet had significantly lower % of 5-mC (−26%) than 
that of controls (2.36% from 3.21% 5-mC). This data suggests both 
that the methyl-donor composition of the hen’s diet can influence DNA 
methylation in her progeny late in life (at 21D) and that this effect is 
tissue specific. Further investigation into the contribution of the sire, 
and the specific gene targets that are likely differentially methylated are 
warranted to further investigate the epigenetic influence a hen’s diet has 
on progeny performance .

Key Words: epigenetic, methylation, DNA

330P   Embryonic growth of White Pekin ducks selected for 
growth to different ages. Guy F . Barbato*1 and Zack S. Lowman2, 
1Stockton University, Galloway, NJ, 2Joe Jurgielewicz & Son Ltd., 
Shartlesville, PA.

Eggs were obtained from the 14th generation of selection of 2 unique 
lines of White Pekin ducks from Joe Jurgielewicz and Son Ltd. (Shartles-
ville, PA). The J-line was selected for fast early acceleration of growth 
during the first 14 d post-hatch, while the S-line was selected for large 
body weight at 42 d of age (and slower growth 14 d post-hatch). Birds 
of both lines achieve similar body weights by 42 d of age, but arrive at 
that weight by very different growth curves. Eggs from each line were 
weight-matched and incubated under standard conditions. Embryos 
were then weighed, dissected and photographed every other day during 
the incubation period . Representative photos of the different embryonic 
stages are presented. The quadratic equation had the best fit of all growth 
models (R2 > 0.93). Curiously, both the average growth rate and growth 
acceleration of the J-line were slower than that of the S-line. The average 
growth rate of the J- and S-lines was 3.79 g/d and 6.34 g/d, respectively. 
The growth acceleration of the J- and S-lines was 0.19 g/d2 and 0 .28 

g/d2, respectively. The fast embryonic growth of the slower growing 
S-line was surprising and counter to our expectations. These data are 
consistent with the portion of growth theory that early exponential 
postnatal growth had high phenotypic and genetic correlation to the 
rate of decay of the growth curve. It appears that a similar correlations 
exist between embryonic growth rate and the early exponential phase 
of post-hatch growth.

Key Words: Pekin duck, genetic selection, embryonic growth, 
growth curve

331P   Genetics of embryonic growth among Japanese quail 
divergently selected for stress responsiveness. Timothy J . Lick-
nack1,2, Nicholas A . Anthony2, and Guy F . Barbato*1, 1Stockton 
University, Galloway, NJ, 2University of Arkansas, Fayetteville, AR.

Japanese quail selected for high (HS) and low (LS) corticosterone 
response to a mild restraint stress are a unique model to investigate 
the consequences of stress responsiveness. Quail from the HS line 
exhibit many of the negative concomitants of persistently high plasma 
corticosterone . Further, the inhibitory effects of exogenous cortisone 
on embryonic growth are well known. In the following experiments, 
we investigate these effects on embryonic growth. Initially, develop-
ing embryos of each line were measured at 10, 12, 14, 16, and 18 d of 
incubation. Embryo weights and length of the femur and humerus were 
determined at each age. Surprisingly, the HS embryos were found to 
have significantly (P < 0.05) faster growth rate than the LS embryos, 
having exponential rates of y = 0 .10e0 .23x and y = 0 .07e0 .24x, respectively . 
However, the femur of the LS embryos grew at a higher exponential 
rate than the HS embryos, y = 1 .82e0 .11x and y = 2 .39e0 .09x, respectively . 
The opposite relationship was observed for the humerus, where the HS 
embryos developed at a higher exponential rate, y = 3 .81e0 .04x, than the 
LS embryo, where y = 2.38e0 .07x . These data suggest a more complex 
association between embryonic growth and corticosterone than previ-
ously thought. In Experiment II, we made the reciprocal HL and LH 
crosses alongside the purelines . To account for maternal effects of egg 
size, we plotted embryo mass/egg mass and used the best-fit quadratic 
curve to evaluate the growth components (R2 = 0 .92) . Comparison of 
the quadratic parameters via Scheffe’s linear contrasts allowed estima-
tion of the genetic effects without the confounding line effect. Notably, 
there were significant direct line effects for embryonic growth of 8% 
(HS > LS) and a highly significant maternal effect of −28%. There 
was dominance in the direction of the maternal parent, which needs to 
be confirmed in F2 and backcrosses . These data strongly suggest that 
genetic homeostasis acting in a direction contrary to the maternal (i .e ., 
corticosterone) effect .

Key Words: Japanese quail, corticosterone, stress, divergent selec-
tion, embryonic growth

332P   Fertilizing effectiveness of White Pekin drakes from lines 
selected for growth to different ages. Guy F . Barbato*1 and Zack S . 
Lowman2, 1Stockton University, Galloway, NJ, 2Joe Jurgielewicz & 
Son Ltd., Shartlesville, PA.

Lines of chickens having different growth curves have been used to 
elucidate the phenotypic and genetic correlations between growth rate 
to different ages and fertility. Positive correlations between reproduc-
tive effectiveness and growth rate to 14 d of age were observed, while 



115Poult. Sci. 95(E-Suppl. 1)

reproductive traits were negatively correlated with growth rate between 
14 and 42 d of age . We evaluated 2 lines of White Pekin ducks from 
Joe Jurgielewicz & Son Ltd. (Shartlesville, PA). The J-line was selected 
for fast early acceleration of growth during the first 14 d post-hatch, 
while the S-line was selected for large body weight at 35 d of age. 
Drakes from each line were naturally mated to 6 ducks of the same line 
in pedigree pens. After 3 wk, the drakes were removed from the pens 
and eggs were collected daily for 3 weeks and all but 3 eggs per day 
per pen were incubated under standard conditions. Sperm trapped in 
the outer perivitelline layer (OPVLS) were counted in the 3 excepted 
eggs. Hen-day egg production was not significantly different between 
the lines (0.72 ± 0.06 eggs/hen/day). Initial specific fertility was 92% 
and 71% for the J- and S-line drakes, respectively (P < 0 .001) . Time 

to half-maximal fertility was also significantly different between the 
lines (P < 0 .001), being 10 .1 and 6 .5 d for the J- and S-line drakes, 
respectively. By d 15, we did not observe any fertile eggs. The average 
of OPVLS among fertile eggs was 1.42 ± 0.33 sperm/5.5 mm2 and there 
was no difference between lines. As expected, the number of OPVLS 
closely mirrored the time-dependent decline in fertility of the eggs in 
both lines (r2 = 0 .81, P < 0.01). These data confirm that early exponential 
growth rate is positively associated with male fertility. Further, selection 
for body weight at or near the inflection point of the growth curve has 
its well-known negative concomitants on fertility due to genetic and 
phenotypic changes that occur after14 d of age .

Key Words: Pekin duck, fertility, selection for growth, correlated 
responses, sperm
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333P   Performance and response of direct-fed microbial 
(DFM)-fed broilers to a coccidiosis challenge. Mallory B . 
White*SC,1, Steve Lamb2, Debbie Winetzky2, Katie Lecker2, Daniel 
Little2, Michael E . Persia1, Samer W . El-Kadi1, and Rami A . Dalloul1, 
1Animal & Poultry Sciences, Virginia Tech, Blacksburg, VA, 2Bio-Cat, 
Troy, VA.

Coccidiosis is a costly parasitic disease to the poultry industry with 
multiple control methods being explored to reduce its effect . This 
study evaluated the effects of a direct-fed microbial (DFM) provided 
as a dietary supplement over a 4-wk period on responses of broilers 
to a coccidiosis challenge. In total, 1,056 day-old male chicks were 
randomly assigned to 8 replicate pens (22 birds/pen) of 6 treatments 
in a 3 × 2 factorial arrangement including 3 DFM levels (zero, low, 
high) with or without a 10× coccidiosis vaccine as a challenge on d 
15. Performance was assessed weekly, coccidian pathology at d 21, 
and body composition at d 28 using dual energy x-ray absorptiometry 
(DXA). Data were analyzed using 2-way ANOVA with LS Means to 
separate means with significance assigned at P ≤ 0.05. Lesion scores 
were significantly reduced in the duodenum of the DFM-low birds and 
jejunum of DFM-high birds compared with other groups, no lesion 
differences were observed in the ileum and ceca. As expected, the coc-
cidiosis challenge main effect resulted in higher FCR and lower BWG 
and FI over the 28-d trial . Dietary treatment had little effect on overall 
performance; however, those birds on the DFM-low diet had lower 
fat and higher lean percentages than those of other groups without the 
challenge . Also, 28-d DXA analysis revealed that body fat and lean 
tissue were reduced in the challenged groups, a potential indication of 
differential resource allocation to the defense response to an enteric 
infection rather to performance . Further investigation of immunity and 
microbial profiling may provide additional clues of the mechanistic 
functions of this DFM .

Key Words: direct-fed microbial (DFM), broiler, coccidiosis, perfor-
mance, dual energy x-ray absorptiometry (DXA)

334P   Development and characterization of mouse mono-
clonal antibodies reactive with chicken interleukin-8. Woo H . 
Kim*1, Hyun S . Lillehoj1, Misun Jeong1, Yvonne B . Sulivan2, Laura 
Kakach2, and Joanna W . LaBresh2, 1Animal Biosciences and Biotech-
nology Laboratory, Agricultural Research Service, USDA, Baltimore, 
MD, 2Kingfisher Biotech, St. Paul, MN.

The objective of this study is to develop monoclonal antibodies (mAb) 
against chicken Interleukin-8 (chIL-8), to characterize their ability to 
neutralize chicken macrophage cell line (HD11) proliferation, and to 
enable their use as reagents for basic and applied poultry research . Inter-
leukin-8/CXCL8 (IL-8) is a CXC-family chemokine produced by fibro-
blasts and other cell types, including epithelial cells, endothelial cells, 
neutrophils, and macrophages . Given that IL-8 attracts lymphocytes to 
sites of tissue damage, it plays a role in the inflammatory response and 
wound healing. Chicken chemotactic and angiogenic factor (cCAF), 
encoded by the 9E3/CEF4 gene, was identified in 1987 and has been 
studied as a human IL-8 homolog for over than 20 years. However, no 
mAb that specifically detect chIL-8 have been developed. Here, we 
developed mouse mAb against chIL-8 by fusion of B lymphocytes from 
immunized mice and characterize to further define its immunological and 
biological properties. Two mouse mAb against chIL-8 were generated 

using recombinant chIL-8 protein produced in Escherichia coli. The 
specificity and affinity of these mAb were confirmed to display specific 
binding with not only recombinants, but also native chIL-8 by Western 
blot analysis, enzyme-linked immunosorbent assay, and immunocyto-
chemistry . Inhibition of IL-8-induced chemotaxis of peripheral blood 
lymphocytes, proliferation of chicken macrophage cells and expression 
of α smooth-muscle actin in chicken embryonic fibroblast cells by both 
antibodies indicate that both antibodies are capable of blocking chIL-8 
bioactivity. These chIL-8 mAb will be useful reagents for future inves-
tigations of inflammation in poultry.

Key Words: interleukin-8, CXCL-8, chicken, monoclonal antibody

335P   Identification of Athens Canadian Random Bred sires 
with naturally high and low levels of key immune markers. Chris-
tina L. Swaggerty*1, Christopher M. Ashwell2, Michael H . Kogut1, 
and Robert L . Taylor Jr .3, 1USDA/ARS, College Station, TX, 2North 
Carolina State University, Raleigh, NC, 3West Virginia University, 
Morgantown, WV.

We developed a breeding strategy using commercial broilers whose 
sires were identified for differential expression of key immune markers. 
The basis of the selection employs individual sires classified for inher-
ently high or low expression of a key cytokine (IL6) plus chemokines 
(CXCLi2 and CCLi2) . Multigenerational selection produced high and 
low expression chicken lines with the high line being naturally more 
resistant to Salmonella, Eimeria tenella, and necrotic enteritis . The 
purpose of the present study was to screen a population of sires from 
the Athens Canadian Random Bred (ACRB) lineage, a 1950s meat-type 
bird, to determine if individuals with natural differential expression of 
the 3 pro-inflammatory immune markers could be identified. ACRB sires 
(n = 135) were bled from the large wing vein (3–5 mL) and peripheral 
blood leukocytes were isolated. Total RNA was extracted followed by 
qRT-PCR to measure IL6, CXCLi2 and CCLi2 mRNA expression. The 
average corrected 40-Ct for IL6 was 10.92 ± 0.12 and ranged from 7.54 
to 14.7. The average corrected 40-Ct for CXCLi2 expression was 10.53 
± 0.23 and ranged from 0 to 15.89 whereas the average corrected 40-Ct 
for CCLi2 was 13.74 ± 0.20 and ranged from 6.59 to 18.3. Additionally, 
sires were ranked for each marker’s expression to partition individuals in 
the top or bottom 20% for all 3 immune markers. These data indicate it is 
possible to identify and utilize ACRB sires in our breeding strategy based 
on constitutive differential expression of these key immune markers .

Key Words: ACRB, chemokine, cytokine, immune marker, selection

336P   Withdrawn

337P   Effects of Bacillus direct-fed microbial and plant extracts 
on the prevalence of necrotic enteritis when challenged with a 
necrotic enteritis model. Laci B . MacKay*SC,1, James T . Krehling1, 
Tina Y .-T . Wang2, Elle V. Chadwick1, Bradley Schrader1, and Ken-
neth S . Macklin1, 1Auburn University, Auburn, AL, 2HuvePharma 
Inc., Peachtree City, GA.

In light of concerns raised by the poultry industry and consumers, many 
alternatives to traditional antibiotics are being investigated as potential 
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replacements to control diseases, such as necrotic enteritis (NE) . One 
alternative that is deserving of consideration is probiotics . This is due 
to their ability to increase concentrations of beneficial gut bacteria. A 
study was conducted to determine the efficacy of using different Bacil-
lus direct fed additives and dietary capsicum-turmeric oleoresins on a 
NE challenge. A total of 800 straight-run broiler chicks were vaccinated 
against Eimeria at day of age and randomly assigned to 1 of 5 dietary 
treatments (G1 = unmedicated; G2 = bacitracin methylene disalicylate 
50 g/ton; G3 = dietary capsicum-turmeric oleoresins ; G4 = Bacillus 
licheniformis (BL); G5 = BL and Bacillus subtilis combination) . Birds 
were given water and feed ad libitum throughout the 22 d growout. 
All birds were orally challenged in a 3-d (D19–21) regimen with 108 
cfu/ml Clostridium perfringens. Live bird performance measures were 
assessed at d 14 and 22. On d 22, birds were necropsied and scored for 
coccidiosis and NE lesions. Data were analyzed using GLM; if signifi-
cant (P < 0.05), means were further separated using Tukey’s HSD.BW 
of G1 was significantly lower than all other treatment groups throughout 
the trial. Likewise, the adjusted feed conversion ratio was significantly 
worse for G1 for d 0–14 and d 0–22. There were no differences between 
treatments in terms of upper gut coccidiosis lesions (E. maxima and E. 
acervulina). G1 had a higher incidence (5.7%) and overall lesion score 
(0 .076) for E. tenella when compared with G3 and G5 treatments (both 
0%). NE lesions were more prevalent (38%) and severe (0.449) in G1 
when compared with the other treatments (G2 = 23%, 0.231; G3 = 17%, 
0.201; G4 = 21%, 0.214; G5 = 13%, 0.169). These data support the 
hypothesis that by adding Bacillus or capsicum-turmeric oleoresins in 
the diets with a NE challenge, lesion scores will decrease.

Key Words: bacillus, necrotic enteritis, broiler, probiotic

338P   Identification of natural host defense peptide-inducing 
compounds using a cell-based high-throughput screening assay. 
Wentao Lyu*SC, Zhuo Deng, and Guolong Zhang, Oklahoma State 
University, Stillwater, OK.

With broad-spectrum antimicrobial and immunomodulatory activities, 
host defense peptides (HDP) are an important first-line animal defense. 
Dietary compounds with the ability to induce endogenous HDP synthesis 
have emerged as promising alternatives to antibiotics for disease control 
and prevention. To facilitate the identification of natural HDP-inducing 
compounds, we developed a cell-based high throughput screening (HTS) 
assay by first cloning a 2-kb chicken β-defensin 9 (AvBD9) gene pro-
moter sequence into a luciferase lentiviral reporter vector. Chicken HTC 
macrophage cells were subsequently infected with pseudo-lentiviruses, 
followed by puromycin selection and limiting dilution. Two stable cell 
clones stably expressing the luciferase reporter gene driven by AvBD9 
gene promoter were obtained and optimized in a HTS assay. Biomol 
natural products and rare natural products libraries consisting of 566 
compounds were screened at 20 µg/mL in 96-well cell culture plates, and 
the compounds with the strictly standardized mean differences (SSMD) 
value of ≥2 were selected. As a result, 42 hits were identified. Most of 
the compounds showed an obvious dose-dependent induction of AvBD9 
and several other chicken HDP genes in our follow-up screening in HTC 
cells. The HDP-inducing efficacy of these compounds is being evaluated 
in chicken peripheral blood mononuclear cells and jejunal explants . 
These natural compounds with the capacity to stimulate endogenous 
HDP synthesis may have potential to be developed as novel alternatives 
to antibiotics for poultry disease control and prevention .

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

339P   Genetic variation of vaccine target sequences of Clos-
tridium perfringens strains. Whitney N . Briggs*SC, Kimberly M . 
Wilson, and Lisa R . Bielke, The Ohio State University, Columbus, 
OH.

Historically, α-toxin has been the primary target antigen of Clostridium 
perfringens (CP) vaccines in the poultry industry, but research has shown 
that only whole toxin vaccines can effectively provide protection, thus 
largely limiting the market to killed autogenous vaccines that provide 
limited protection . Additionally, other toxins can play a major role in 
virulence and pathogenicity of CP strains, some of which are carried 
by plasmids . Genetic variation derived from DNA replication methods 
such as binary fission and conjugation influences the expression of these 
genes and makes them difficult to use as vaccine development targets, 
and may also influence strain choices when designing experimental 
studies . To illustrate this point, the extent of genetic variation exhibited 
between different CP strains, we sampled 8 strain isolates from different 
necrotic enteritis outbreaks in broiler operations . Genes tested included 
α-toxin (cpa), β-toxin (cpb), collagen adhesion toxin (cna), glycoside 
hydrolase (cpgh84c) and NetB. DNA was isolated from the each isolate 
and subjected to PCR amplification using published primer sequences. 
PCR products were run on 1.5% agarose gel electrophoresis to confirm 
the expression of primer-targeted sequences in each strain. In all strains 
tested the α-toxin (cpa) gene was detected. There was variation in the 
expression of all other genes, cpb (37.5%), cna (75%) and NetB (50%) 
and cpgh84c (75%), which encodes the carbohydrate motif 32 family. 
The variation found in the expression of these genes demonstrates the 
extent of genetic variation that different isolates of CP express and con-
veys the importance of targeting genes that are more highly conserved 
across pathogenic CP strains for future vaccine development . Ongoing 
studies aimed at finding other highly conserved genes across a multitude 
of necrotic enteritis-associated CP strains in an effort to improve vac-
cination strategies against this important disease .

Key Words: Clostridium perfringens, alpha toxin, beta toxin, 
necrotic enteritis

340P   Performance of coccidia challenged broiler chickens fed 
Gallinat and Gallinat+. Greg F . Mathis*1, Brett Lumpkins1, and 
Stephane Benaben2, 1Southern Poultry Research Inc., Athens, GA, 
2Jefo I&D, Saint-Hyacinthe, QC, Canada.

Gallinat and Gallinat+ are micro-encapsulated essential oils or essential 
oil organic acid formulas that are fed to broiler chickens to improve per-
formance. The objective of this study was to determine improvements in 
performance and a reduction in coccidiosis when Gallinat and Gallinat+ 
is fed to broiler chickens. A randomized block design with 8 replications 
of 10 Cobb 500 male chicks per cage was used. P < 0.05 was used to 
determine the level of significance. All birds were fed a commercial-
grade broiler starter diet. The treatments were T1: nonmedicated (NM) 
non-challenged (NMU); T2: NM challenged (NMI); T3: Gallinat+ 300 
ppm; and T4: Gallinat 500 ppm. Chicks were placed in Petersime battery 
cages at day of hatch (d 0) and issued treatment feed. Treatments were 
fed ad libitum (d 0–28). On d 14, all birds except the NMU fed were 
challenged with E. acervulina (EA), 100,000 oocysts/bird, E. maxima 
50,000 oocysts/bird (EM), and 75,000 E. tenella oocysts/bird (ET). On 
d 21, 4 birds per cage were scored for coccidiosis lesions (0–4; LS). 
Birds and feed by pen were weighed at d 0 (placement), d 14 (challenge), 
d 21 (lesion scores), and d 28 (termination) . The coccidial challenge 
significantly (P < 0.05) reduced performance (lower weight gain and 
increased FCR) of the NMI compared with NMU. Performance for all 
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of the challenge birds was lower than the NMU at all infected weigh 
periods. However, T4 (Gallinat 500 ppm) had significantly better weight 
gain during the d 0–28 and d 14–28 periods, and improved FCR at the d 
14–28 period compared with the NMI birds. The coccidiosis infection 
as determined by lesion scores and oocysts counts (OPG) was a heavy 
challenge. The avg. LS and OPG for NMI were 2.43 LS and 164,447 
OPG. Compared with NMI both Gallinat and Gallinat+ significantly 
reduced LS and OPG. There were no statistical differences in LS or 
OPG between Gallinat+ 300 ppm and Gallinat 500 ppm; respectively 
EA (2.5/2.6 LS), EM (1.7/1.7 LS), ET (1.1/1.4 LS), avg. LS (1.8/1.9 
LS) and total OPGS (63533/4301 OPG). This study demonstrated that 
feeding Gallinat+ 300 ppm and Gallinat 500 ppm has the potential to 
improve live performance and aid in the reduction of coccidiosis .

Key Words: Eimeria, coccidia, Gallinat, broiler

341P   Performance and reduction of necrotic enteritis of 
broiler chickens fed Sangrovit. Greg F . Mathis*1, Anja Pastor2, 
Charles L . Hofacre3, and Brett Lumpkins1, 1Southern Poultry 
Research, Inc., Athens, GA, 2Phytobiotics, Eltville, Germany, 3The 
University of GA, PDRC, Athens, GA.

The objective of this study was to determine the benefit of feeding 
Sangrovit to broilers by improving performance and reducing necrotic 
enteritis (NE) in Clostridium perfringens-dosed chickens . Sangrovit 
is a standardized blend of plant alkaloids with active ingredients from 
the group of isoquinoline alkaloids. A randomized block design with 
8 replications of 8 birds per cage was used. The treatments were T1: 
nonmedicated (NM) non-challenged (NMU), T2: NM challenged (NMI), 
T3: Sangrovit (SAN) 60 g/t (SL), T4: 120 g/t (SM), and T5: 180 g/t 
(SH), T6: BMD 30 g/t (BMD), T7: SL + BMD, T8: organic acid blend 
(OA), T9: SL+OA, T10: probiotic (Pro), T11: SL + Pro. Chicks were 
placed at day of hatch (d0). Treatments were fed ad libitum (d 0–28). 
On d 14, all birds were challenged with E. maxima (5,000 oocysts/ 
bird), and on d 18, 19, and 20 all birds except T1 were challenged with 
Clostridium perfringens (1 × 108 cfu/bird). On d 21, 3 birds per cage 
were scored for NE lesions (scoring 0–3). For ease of interpretation, the 
SAN dose treatments T1 to T5 were analyzed together. The single and 
combined treatments T1, T2, and T7–11 were analyzed together. For 
the dose comparisons, an improvement (P < 0 .05) in FCR and BWG 
was observed at d 0–21, d 14–21 (challenge period), and d 14–28 for 
all treatments compared with NMI. However, during d 14–21, BWG in 
birds fed the SL treatment were not significantly different to the NMI 
fed birds. The percent NE mortality for NM was 28% and significantly 
lower with all levels of Sangrovit (SL 13%, SM 11%, and SH 13%). 
For the combination comparisons, a significant improvement in FCR 
and BWG were observed at d 0–21, d 14–21, and d 14–28 for all treat-
ments. No statistical differences were observed in FCR and BWG for 
the probiotic treatment alone compared with the NMI birds at d 14–21. 
The percent NE mortality for NM was 28% and was significantly lower 
in all combinations (SL+BMD 11%, SL+ OA 16%, and SL+ Pro 13%). 
OA alone did not significantly reduce NE mortality. The benefits of feed-
ing Sangrovit alone or in combination with other varying animal health 
products was demonstrated by the improvements in live performance 
and the reduction in NE .

Key Words: necrotic enteritis, Sangovit, coccidia, Clostridium, 
alkaloid

342P   Clostridium perfringens infection of the chicken induces 
immunometabolic alterations in the duodenum that includes the 
glycolytic and insulin signaling and NLRP3 inflammasome-medi-
ated inflammatory cell death (pyroptosis). Michael H . Kogut*1 and 
Ryan Arsenault2, 1USDA-ARS, College Station, TX, 2University of 
Delaware, Newark, DE.

Clostridium perfringens (CP) infection of the gut is a central requirement 
for the establishment of necrotic enteritis (NE), despite CP very often 
being a member of the commensal microbiota in broiler chickens . Little 
is known about the immune mechanisms directed against CP during 
necrotic enteritis infections . An integral component of immune regula-
tion is through the metabolic pathways necessary to support energetically 
demanding protective or pathogenic responses . Understanding these 
links in immunometabolism is critical to understanding basic immune 
responses to CP. Using a species-specific kinome immunometabolism 
peptide array, we investigated changes in signaling pathways in the 
duodenum of broilers given a live-attenuated vaccine against IBD 
followed by a CP challenge. In these experiments, all birds received a 
commercial infectious bursa disease vaccine on d 10 of age followed 
by an orally administered CP challenge on d 15, 16, and 17 . The studies 
were terminated at d 21 when birds were killed, and a 40-mg sample 
of duodenal tissue was collected from each bird, flash frozen, homog-
enized, and applied to the peptide array protocol . We observed meta-
bolic changes that affected glucose metabolism through the glycolytic 
and the insulin signaling pathways. Within 4 d of challenge infection, 
we observed changes in the duodenal phosphorylation state of the 
enzymes up and down the glycolytic pathway. In addition, changes to 
a large subset of the protein intermediates of the insulin pathway were 
altered by infection . Immunologically, infection induces pyroptosis by 
increased phosphorylation of several peptides in both the TLR1/NFAT 
and NLRP3 (Caspase 1, CARD9, PRTPIP1) signaling pathways. This 
is the first report of significant regulatory metabolic and inflammatory 
signaling pathways induced by CP infection and provide new insights 
in the mechanisms essential for the establishment of NE in chickens .

Key Words: kinome, immunometabolism, pyroptosis, Clostridium

343P   Withdrawn

344P   Evaluation of two different methods for inducing 
necrotic enteritis. Kimberly M . Wilson*SC,1, Whitney N . Briggs1, 
John R . Barta2, and Lisa R . Bielke1, 1The Ohio State University, 
Columbus, OH, 2University of Guelph, Guelph, ON, Canada.

Multiple research models exist for studying necrotic enteritis (NE) in 
broilers, and in the USA most models include a combination of Eimeria 
and Clostridium perfringens challenge. However, NetB toxin strains 
have also been studied as CP associated with NE in the absence Eimeria 
challenge. Presently, we compared 2 methods of inducing NE in broilers 
to study potential intervention strategies . Treatment groups consisted 
of negative control (NC), Bacitracin-60 (50 ppm, BMD), NetB CP, and 
Eimeria/CP (ECP) . All groups, except NC, received Salmonella chal-
lenge on day of hatch to induce low levels of enteric inflammation. On 
d18, ECP and BMD groups were orally gavaged with 50,000 oocysts 
of Eimeria maxima per bird and all broilers were individually weighed 
on d 18. On d 19, NetB broilers were challenged with 2.5 × 106 cfu of 
NetB-positive Clostridium perfringens. Trial was terminated at 23 d, 
all birds were weighed and lesion scored (0–4 scale). Positive control 
and BMD group had significantly lower % BW gain (BWG; d 23 – d 
18/d 23) at 28.0% ± 3.19 and 27.1% ± 5.01 (P < 0 .05), respectively 
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compared with the NetB and Negative control groups (35.6% ± 4.26, 
34.4% ± 2.70, respectively). Average lesion score for NC were 0.15, 
ECP 1.25, BMD 1.3 and NetB was 1. NetB broilers showed intestinal 
signs of NE while % BWG was comparable to non-challenged broilers. 
These studies suggest that NetB-positive strains of NE are comparable 
to ECP methodology for inducing NE in research settings and may be 
useful for studying pathogenesis and treatment strategies against the 
disease in poultry .

Key Words: NetB, necrotic enteritis, Clostridium perfringens, 
Eimeria

345P   Effects of long-term Maxiban use on the intestinal 
bacterial microbiome. Timothy J . Johnson*1, Jessica L . Danzeisen1, 
Charles L . Hofacre2, Greg F . Mathis3, and Johnna S . Bridges4, 1Uni-
versity of Minnesota, Saint Paul, MN, 2University of Georgia, Athens, 
GA, 3Southern Poultry Research Group, Athens, GA, 4Elanco Animal 
Health, Greenfield, IN.

An important aspect of measuring gut health is the microbiota, or micro-
biome. Anticoccidials, while targeting coccidial parasites in poultry, are 
thought to have an indirect effect on the microbiome . The purpose of this 
study was to evaluate the effects of continuous and rotation anticoccidial 
programs on the broiler intestinal bacterial microbiome . Over 16 mo 
and 10 consecutive broiler growouts, a continuous anticoccidial pro-
gram (Maxiban/Monteban) was compared with a rotation anticoccidial 
program (Nicarb/Coban or salinomycin) based on winter or summer 
rotation. Each group was replicated by 15 pens of 60 birds. Ileal samples 
were collected at d 28 of age in each successive flock, samples were 
pooled by flock/treatment, and 16S rRNA sequencing was performed 
to compare bacterial microbiome composition. Overall, no significant 
differences were identified in microbiome community structure between 
continuous and rotation treatments. However, both treatment groups 
shifted similarly over successive growouts. Dominant operational taxo-
nomic units (OTU) defining the bacterial ileal community included those 
classified as Lactobacillus aviarius, L. salivarius, L. reuteri/vaginalis, L. 
acidophilus/crispatus, L. gasseri/johnsonii, Candidatus Arthromitus, and 
Clostridium XI. OTUs increasing over successive flocks were classified 
included several Lactobacillus species (L. collinoides, L. agilis, and L. 
aviarius, L. ingluviei), Brevibacterium, and Brachybacterium . OTUs 
with decreasing relative abundance over successive flocks included 
Streptococcus, Candidatus Arthromitus, Clostridium XI, Klebsiella, and 
Clostridium. Results suggest a significant effect on the microbiome of 
birds examined over successive flocks, with both ionophore-based treat-
ments shifting the microbiome over time in a consistent manner . Shifts 
included increases in relative counts of lactobacilli and corresponding 
decreases in clostridia and E. coli. Previously identified biomarkers of 
succession (i .e ., L. aviarius) were included among those increased in 
relative abundance. This points toward a treatment effect affecting the 
barn environment over time to promote a better microflora.

Key Words: Maxiban, Nicarb, Monteban, Coban, microbiome

346P   Expression of apoptosis and autophagy related genes 
in Eimeria-challenged broilers. Shengchen Su*SC,1, Katarzyna B . 
Miska2, Mark C . Jenkins2, Raymond H . Fetterer2, and Eric A . Wong1, 
1Virginia Tech, Blacksburg, VA, 2USDA-ARS, Beltsville, MD.

Avian coccidiosis is caused by the protozoa Eimeria, which is able to 
invade the intestinal epithelium and cause lesions . The site of invasion 
in the intestine is species-specific; for example, E. acervulina affects 
the duodenum, E. maxima the jejunum, and E. tenella the ceca . Because 

intracellular parasites replicate within the host cell, we hypothesized that 
Eimeria may downregulate expression of genes involved in apoptosis 
and autophagy to promote replication. The objective of this study was 
to compare the expression of apoptosis and autophagy related genes in 
broilers challenged with E. acervulina, E. maxima, or E. tenella . The 
genes examined included apoptosis markers Bax, Bcl-2, Caspase 3, 6, 
7, 8, 18, CARD 11 and CytC, and the autophagy regulators Beclin 1, 
LC3a and LC3b. Duodenum, jejunum, ileum and ceca samples were 
collected 7 d post challenge, total RNA was extracted, and mRNA abun-
dance was measured by quantitative real-time PCR. Downregulation of 
gene expression was observed in the respective target tissue for each 
Eimeria species . E. acervulina challenge produced decrease of LC3a 
in the duodenum . E. maxima challenge resulted in downregulation of 
Caspase 6, 7 and 18 in the jejunum . E. tenella challenge resulted in the 
decrease of Bax, Caspase 7 and 18, LC3a and LC3b in the ceca . These 
results show that after Eimeria infection, cells develop an anti-apoptosis 
and anti-autophagy state that may enhance survival of the pathogen .

Key Words: broiler, Eimeria, apoptosis, autophagy, caspase

347P   Cytosolic DNA sensing genes expression in the intestinal 
mucosa of necrotic enteritis chickens. Yeong Ho Hong*1, Deiven-
dran Rengaraj1, Anh Duc Truong1, Geun-Bae Kim1, and Hyun S . 
Lillehoj2, 1Department of Animal Science and Technology, Chung-
Ang University, Anseong, Republic of Korea, 2Animal Biosciences 
and Biotechnology Laboratory, USDA-ARS, Beltsville, MD.

Poultry farms often report necrotic enteritis (NE) outbreaks as a result 
of the inappropriate use of antibiotics in the feed . Several studies have 
reported that the genes related to intestine and immune system are sig-
nificantly altered in response to NE. We induce NE in 2 chicken lines 
that are resistant (line 6 .3) and sensitive (line 7 .2) to avian leukosis and 
Marek’s disease. Then, RNA-sequencing analysis was performed in 
the intestinal mucosa of NE induced and uninfected control birds . The 
differentially expressed genes in the intestinal mucosa of line 6 .3 and 
7.2 were investigated to know their involvement in the immune related 
pathways using KEGG database. Among the identified pathways in 
chicken, cytosolic DNA sensing (CDS) pathway was selected for further 
analysis. RNA-sequencing and pathway analysis identified a total of 21 
genes that were involved in chicken CDS pathway and differentially 
expressed in the intestinal mucosa of resistant and sensitive lines . The 
expression of CDS genes was confirmed by qRT-PCR. We found most 
the CDS genes were significantly altered in the intestinal mucosa of NE-
induced birds of resistant and sensitive lines . Our study indicates that NE 
seriously affects genes involved in foreign DNA sensing mechanisms 
in the chicken intestine. The CDS genes identified and affected after 
NE treatment could be an important clue for the protective immune 
response to necrotic enteritis pathogens .

Key Words: necrotic enteritis (NE), Intestinal mucosa, CDS pathway 
genes, chicken

348P   A novel blend of natural botanical oils inhibits a number 
of common poultry pathogens. Ashley L . Wagner*1, Lila Maduro2, 
Martine Boulianne2, Mariela E . Srednik2, and Ivan D . Girard1, 1Pro-
biotech International, Saint-Hyacinthe, QC, Canada, 2University of 
Montreal, Saint-Hyacinthe, QC, Canada.

Commercial broiler chickens and laying hens are susceptible to several 
pathogenic bacteria . These pathogens can affect production perfor-
mances, leading to disease and mortality, and be a concern for food 
safety . Several studies have looked at the effect of botanical oils (BO) 
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on birds’ performance and demonstrated a potential to negatively affect 
pathogenic microorganisms. The objective of the present trial was to 
determine the minimum inhibition concentration (MIC) of a novel blend 
of natural BO intended to be administered in the drinking water to com-
mercial birds, on various common poultry field pathogens. Antimicrobial 
susceptibility tests were performed to determine MIC of BO on different 
strains of Clostridium perfringens, Enterococcus cecorum, Salmonella 
Enteritidis and Typhimurium, and 12 strains of Escherichia coli isolated 
from clinical cases with lesions of omphalitis, arthritis, osteomyelitis, 
airsacculitis, or polyserositis . Dilutions of BO began at 1:2, 1:4, 1:8, and 
were subsequently diluted by 2 until the MIC was reached. Two ml of 
each dilution were added in 18 mL of culture medium, mixed and poured 
into Petri dishes, inocula was added and allowed to incubate for 20 h at 
35°C ± 2°C at aerobic conditions for E. coli and Salmonella, and 48 h at 
anaerobic conditions for C. perfringens. MIC of the BO was determined 
at 12.5 mg/mL for both E.coli and Salmonella; whereas the MIC of C. 
perfringens and E. cecorum occurred at 6.25 mg/mL. The results of this 
trial demonstrated the effectiveness to inhibit growth of various bacterial 
pathogens that can infect birds on commercial farms . Further research 
is required to directly evaluate the effect of this novel blend of natural 
BO in the drinking water of healthy and birds challenged with these 
pathogens and the overall effects on bird performance and mortality .

Key Words: botanical oil, water, antimicrobial

349P   Surveillance of avian influenza in the backyard poultry 
of the Chitwan district of Nepal and assessment of its awareness 
level among farmers. Najim Sekh*UG,1 and Purushowattam Tripa-
thi2, 1Institute of Agriculture and Animal Science (IAAS), Rampur 
Campus, Rampur, Chitwan, Nepal, 2National Avian Disease Investi-
gation Laboratory (NADIL), Bharatpur, Chitwan, Nepal.

The objective of this study was to conduct a surveillance of avian 
influenza (AI) in backyard poultry raised by ethnic Tharu community 
of the Chitwan district by rapid antigen test kit and to verify the positive 
result by real-time PCR . We used a cross-sectional study design . The 
total sample size was 225, of which 150 samples were from backyard 
ducks and 75 were from backyard chickens. From each individual 
bird, 1 tracheal and 1 cloacal sample was taken separately to deter-
mine primary replication and excretion site of the virus. A question-
naire method was used among 100 farmers of different households to 
evaluate the awareness level who had been raising backyard poultry. 
All samples were analyzed in the virology unit of the National Avian 
Disease Investigation Laboratory (NADIL; Bharatpur, Chitwan) from 
November 2015 to February 2016 . The Bio-note rapid antigen test kit 
was used to obtain initial results from both tracheal and cloacal sample, 
and positive samples were further confirmed by real-time PCR. The 
prevalence of AI in backyard poultry was found to be 9.77%; positive 
samples were from backyard chickens taken only from the buffer zone. 
Even in backyard chicken, there were no positive results from cloacal 
samples, which confirmed that tracheal route is the primary site of the 
viral transmission among backyard poultry of the Chitwan district. 
Data obtained from the questionnaire highlighted different practices 
of poultry carcass disposal among farmers . Out of 100 farmers, 64 
farmers disposed of poultry carcasses at riverside, 17 by burial, and 5 
by incineration; 6 farmers were unresponsive. Surprisingly, 8 farmers 
had been using poultry carcasses for self-consumption . Type-A AI is 
prevalent in backyard chickens of the Chitwan district of Nepal and 
there is immense need for an awareness program on avian influenza for 
rural people to effectively prevent and control its outbreaks in future .

Key Words: community, avian influenza, rapid antigen test kit, PCR, 
carcass disposal .

350P   In vitro characterization of Lactobacillus isolates from 
chicken gut for probiotics potentials. Anita Mandal*SC,1, Rabindra 
k . Mandal1, and Young Min Kwon1,2, 1Department of Poultry Sci-
ence, University of Arkansas, Fayetteville, AR, 2Cell and Molecular 
Biology Program, University of Arkansas, Fayetteville, AR.

Lactic acid bacteria (LAB), especially Lactobacillus spp ., are often used 
as probiotics that help to reduce enteric infections and promotes health . 
These beneficial bacteria associated with gastrointestinal mucosa might 
potentially play an important role in improving gut integrity, and patho-
gen reduction through enhancing tight junction, nutrient acquisition, 
niche colonization, co-aggregation with enteric pathogens. The objective 
of this study was to characterize the Lactobacillus strains isolated from 
broiler chicken gut for several phenotypes that might be indicative of 
good probiotics potentials . A total of 40 Lactobacillus strains (10 = ileal 
mucosa; 10 = cecal mucosa; and 20 = cecal lumen) were isolated from 
3 weeks old healthy broilers using de Man, Rogosa, and Sharpe (MRS) 
agar plates after incubation at 37°C in microaerophilic condition. The 
strains were evaluated for motility and auto-aggregation phenotypes. 
For aggregation assay, overnight culture was washed and diluted to 
OD600 = 0.63 in 1× PBS. Three milliliters of the bacterial suspension 
was allowed to stand still at room temperature in a 5-mL transparent 
tube. After 20 h, the length of clear zone above cell suspension was 
measured . All the experiments had 4 replications . For motility assay, 
13 strains out of 40 showed cloudy and diffuse growth pattern along the 
stab line, demonstrating positive motility phenotypes ((highly motile = 
4; moderately motile = 3; slightly motile = 6) . Interestingly, all the highly 
motile isolates were cecal mucosa-associated. In auto-aggregation assay, 
the average length of clear zone was 7 mm (±SD 3.5) with maximum 
of 18 mm and minimum of 1 mm. The isolates with higher motility 
and better aggregation represent potential probiotic candidates . We 
will further characterize the isolates for pathogen inhibition using agar 
overlay assay, and the strains of significant phenotypes will be further 
analyzed for more detailed taxonomic information using DNA sequenc-
ing of 16S RNA gene .

Key Words: Lactobacillus, broiler, intestinal tract, motility, 
aggregation

351P   Comparison of total IgA levels in different samples in 
Leghorn chickens. Rubén Merino-Guzmán*1, Juan D . Latorre2, 
Amanda D . Wolfenden2, Ramiro Delgado3, Billy M . Hargis2, and 
Guillermo Tellez2, 1Facultad de Medicina Veterinaria y Zootecnia, 
Universidad Nacional Autónoma de México, Ciudad de México, 
México, 2Department of Poultry Science, University of Arkansas, 
Fayetteville, AR, 3Nutriavicola, Cali, Colombia.

Local immunity is important for control of infection by pathogens with 
mucosal portals of entry. However, reliable and effective methods for 
determination of mucosal IgA levels stimulated by vaccination or natural 
infection are not well developed in poultry and are necessary for evalu-
ation of vaccination efficacy. The aim of this study was to standardize 
an ELISA protocol to quantify total IgA in lachrymal fluid and swab 
samples taken from trachea and cloaca from White Leghorn chickens . 
The ELISA test was performed using maximum binding plates and a 
commercial chicken IgA quantitation set. Lachrymal fluid and cloacal 
swab samples were taken at 30, 51, 71 and 89 d of age, tracheal swab 
sampling started on d 51. Total chicken IgA (ng/mL) concentration in 
all samples was calculated by comparing their optical density against a 
standard curve used in the assay. Total IgA concentration was compared 
by ANOVA, α value was 0.05. IgA in lachrymal fluid were 78,445, 
64,278, 50,506 and 55,842 at 30, 51, 71 and 89 d of age, respectively, 
which were higher (P < 0.01), than cloacal swab: 1,013, 2,012, 2,219 



121Poult. Sci. 95(E-Suppl. 1)

and 3,616, or tracheal swab: 499, 501 and 259, at 51, 71 and 89 d of 
age respectively . When comparing the same sample source at different 
ages, lachrymal fluid had no statistical difference (P > 0.05), meanwhile 
total IgA in cloacal swab increased (P < 0 .05) from 30 to 51 d and then 
from 71 to 89 d. Total IgA in tracheal swab was similar from 51 to 71 
d of age, and then decreased (P < 0.05) at 89 d. Lachrymal fluid shows 
to be a very good sample source to quantify total IgA, however the 
sampling procedure takes some time and the sample volume depends 
largely on the size of the chicken. Cloacal swab sampling was easy and 
was not affected by the age of the bird and this sample showed to hold 
an important amount of IgA. Tracheal swab sampling not only is more 
difficult than cloacal swab, but the age of the bird limits its use in young 
chickens, and the total IgA concentration was the lowest detected at 
all sampling ages. The results of this study suggest that cloacal swabs 
are an easy and reliable way to evaluate mucosal IgA concentration in 
Leghorn chickens .

Key Words: IgA, ELISA, Leghorn chicken, cloaca, lachrymal fluid

352P   Total IgA level in different samples from broiler chickens 
receiving 50 or 500 ppb aflatoxin B1 for 21 days. Rubén Merino-
Guzmán*1, Rosario Galarza-Seeber2, Juan D . Latorre2, Amanda D . 
Wolfenden2, Mikayla F . A . Baxter2, Brittany D . Mahaffey2, Kyle D . 
Teague2, Lucas E . Graham2, Billy M . Hargis2, and Guillermo Tellez2, 
1Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacio-
nal Autónoma de México, Ciudad de México, México, 2Department of 
Poultry Science, University of Arkansas, Fayetteville, AR.

Several studies have demonstrated that intestinal barrier function can 
be negatively affected by diet ingredients or feed restriction, resulting 
in increased gut inflammation-associated permeability; however only 
a few of them are focused on the effect of aflatoxin B1 on mucosal 
humoral immunity. The aim of this study was to evaluate the effect of 
2 concentrations of aflatoxin B1 (AFB1; 50 or 500 ppb) on total IgA 
concentration in lachrymal fluid, tracheal swab, gut scraping (5 cm from 
Meckel’s diverticulum) and cloacal swab. Day-old broiler chickens were 
allocated randomly to 3 groups: Control feed; control feed + 50 ppb 
AFB1; control feed + 500 ppb AFB1, each group had 8 replicates of 10 
chickens (n = 80/group). Chickens were fed starter (d 1–7) and grower 
diets (d 8–21) ad libitum. At d 21, body weight and feed conversion 
ratio were compared among groups and all chicks were sampled for total 
IgA ELISA quantitation. Results were compared by ANOVA, with an 
α value was 0.05. There was no statistical difference (P > 0 .05) in total 
IgA level from lachrymal fluid, tracheal swab or cloacal swab between 
the 3 experimental groups. However, total IgA was markedly reduced 
in gut scraping in chickens that received AFB1 500 ppb (641 ng/mL) 
as compared with control group: 2,149 ng/mL (P < 0 .01), or group 
receiving AFB1 50 ppb: 1,556 ng/mL (P < 0.05). There was no statisti-
cal difference in the total IgA concentration from gut scraping between 
control group and AFB1 50 ppb group. Body weight was not affected 
by AFB1 consumption at 21 d old . Interestingly, feed conversion ratio 
was lower in AFB1 500 ppb group (1 .13) than AFB1 50 ppb (1 .27) and 
control (1.24). These results indicate that total IgA can be quantified 
from a variety of samples, but it is important to consider the source of 
the sample to get reliable results on the base of the agent affecting the 
immune response and its natural route to penetrate the organism .

Key Words: aflatoxin B1, broiler, IgA, ELISA

353P   1,25-Dihydroxyvitamin D3 synergy with butyrate in 
inducing the expression of host defense peptides in chicken. Long 
Zhang*SC,1,2, Yiping Liu2, and Guolong Zhang1, 1Department of 
Animal Science, Oklahoma State University, Stillwater, OK, 2Farm 
Animal Genetic Resources Exploration and Innovation Key Labora-
tory of Sichuan Province, Sichuan Agricultural University, Chengdu, 
Sichuan, P.R. China.

Host defense peptides (HDP) are important components of chicken 
innate immunity. Avian β-defensins (AvBD) constitute a major family of 
HDP in chickens . Dietary modulation of endogenous HDP synthesis has 
potential to be developed as a promising alternative approach to antibiot-
ics for poultry use . 1,25-Dihydroxyvitamin D3 [1,25(OH)2D3] and butyr-
ate are well-known HDP inducers and they synergize with each other in 
HDP induction in humans . While butyrate remains potent in stimulating 
HDP expression in chickens, 1,25(OH)2D3 has only a marginal effect . 
To examine a possible synergy between 1,25(OH)2D3 and butyrate in 
HDP induction in poultry, chicken HD11 macrophages and jejunal 
explants were treated with different concentrations of 1,25(OH)2D3 
with or without butyrate, and the expression levels of multiple chicken 
HDPs were evaluated by real-time PCR. We revealed a strong synergy 
between 1,25(OH)2D3 and butyrate . While 10−8 M 1,25(OH)2D3 and 
2 mM butyrate gave approximately 2 .5- and 600-fold inductions of 
AvBD9, respectively, a combination of both compounds resulted in a 
4,900-fold increase in AvBD9 expression in HD11 cells . Similarly, a 
strong synergy between 1,25(OH)2D3 and butyrate in AvBD9 induction 
was also observed in chicken jejunal explants. In addition to AvBD9, 
multiple, but not all, other chicken HDP genes were also synergistically 
induced in both cell types . Importantly, 1,25(OH)2D3 and butyrate 
suppressed lipopolysaccharide-induced interleukin (IL)-1β expres-
sion . Collectively, our results suggested the potential of administering 
a combination of 1,25(OH)2D3 and butyrate as antibiotics alternatives 
to enhance animal immunity while reducing inflammation in chickens.

Key Words: vitamin D3, butyrate, host defense peptide, antibiotic 
alternatives, chickens

354P   Haplotype analysis of candidate genes’ resistance to 
Newcastle disease virus and heat stress in chickens. Perot Saelao1, 
Ying Wang1, Kelly Chanthavixay1, Rodrigo A . Gallardo4, David 
Bunn1,2, Janet E . Fulton3, Susan J . Lamont4, and Huaijun Zhou*1, 
1Department of Animal Science, University of California, Davis, 
Davis, CA, 2Iowa State University, Ames, IA, 3Hy-Line International, 
West Des Moines, IA, 4School of Veterinary Medicine, University of 
California, Davis, Davis, CA, USA.

Newcastle disease virus (NDV) and heat stress are 2 major factors 
affecting poultry throughout the world. Furthermore, increasing global 
temperature fluctuations have led to a huge economic loss for agricultural 
producers worldwide. The objective of this study was to determine if 
specific gene haplotypes were associated with disease resistance and/
or heat stress in commercial chickens. Hy-Line Brown layer chicks (n 
= 588) were exposed to constant heat exposure (35C, 65% humidity) 
starting from d 14. Physiological measurements in blood were collected 
using the i-STAT device at 4 h, 6 and 9 d PHE (post-heat exposure) with 
the difference from pre-heat exposure used for further analysis . Birds 
were infected with a La Sota strain of NDV at 3 wk and viral titer 2 
and 6 DPI (days post-infection) from tears was measured using qPCR. 
Antibodies were measured from serum at 10 DPI. For each gene, haplo-
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type information was obtained using multiple SNP. MHC haplotype was 
determined with a subset of a 90-SNP MHC specific panel that covers 
210,000 bp of the MHC region. In a mixed model analysis (fixed: sex and 
dam; random: trial), we identified associations with measured disease 
and heat stress phenotypes with a cut-off of P < 0 .05 . Changes in heat 
stress phenotypes selected from previous work, such as sodium, glu-
cose, hematocrit, and hemoglobin levels, showed significant differences 
across haplotypes. There were significant associations between 3 genes 
(SLC5A1, HSPB1, and IFI27L1) with 4 h PHE, and 5 genes (HSPA8, 
IL18R1, IL1RL1, TLR7, SLC5A1) with 6 d PHE and no significant 
associations were found at 9 d PHE. For disease resistance parameters, 
there were significant associations between 3 genes (SLC5A1, HSPB1, 
and MHC) and viral titer at 2DPI, 1 gene (TLR3) for 6DPI, and 1 gene 
(IFI27L1) for antibody levels . In summary, haplotype associations of 
these candidate genes with resistance to NDV and heat stress could be 
potentially utilized in genetic improvement program to enhance disease 
resistance and heat tolerance in poultry .

Key Words: haplotype, linear mixed effect, genetics

355P   Evaluation of in vitro effects of Allium hookeri on broiler 
chicken lymphocytes, macrophages and tumor cells. Youngsub 
Lee*1, Sunghyen Lee1,2, Hyun S . Lillehoj1, and Misun Jeong1, 
1United States Department of Agriculture, Beltsville, MD, 2Rural 
Department Administration, Wanju, Jeollabuk-do, South Korea.

Large members of Allium species have been variously used in Asia as 
food or as traditional medicinal plants that prevent infection . Allium 
hookeri has also been reported to have antimicrobial activities . The 
objective of this study was to investigate the effect of ethanol extracts 
of A. hookeri (leaf, root, and fermented root) on the various in vitro 
parameters of innate immunity (spleen lymphocyte proliferation) as well 
as the suppression of tumor cells growth. Additionally, the investigation 
evaluated the effect of antioxidants (free radical scavenging activity) . 
The ethanol extracts from the 3 powders stimulated lymphocyte prolif-
eration, induced nitric oxide production and suspended tumor cell growth 
when compared with the media negative control. These results suggest 
that the ethanol extract of A. hookeri could be useful for functional 
materials to enhance innate immune system of the poultry .

Key Words: Allium hookeri, chicken, innate immunity, lymphocytes, 
macrophages

356P   Blood pictures of the commercial duck—A neighborhood 
analysis. Paul Cotter*, Cotter Laboratory, Arlington, MA.

Hemograms or blood pictures provide information of flock health status. 
Those of normal cellularity and cytoarchitecture indicate the absence of 
frank disease and stress. Complex hemograms occur where the numbers 
of leukocytes are abnormal, too low numbers (leukopenia) or too high 
numbers (leukocytosis and leukemoid reactions) indicate atypical cel-
lularity. A high frequency of atypia, or the presence of sentinel cells 
found during a standard differential count (SDC) also indicate a complex 
hemogram . The purpose of this poster is to illustrate cells compos-
ing complex hemograms of ducks raised under standard conditions . 
Peripheral blood collected in EDTA tubes wk was shipped overnight 
for staining and analysis. Samples came from ducklings between ages 2 
and 6 wk. Approximately 3 μL of blood was spread across microscope 
slides into thin films, which were stained by a modified Wright–Giemsa 
method. Standard differential counts (SDC) were of a minimum of 2 × 
200 leukocytes sorted into categories: typical, variant, and classic het-
erophils, small and medium lymphocytes, NK cells, blasts, monocytes, 

basophils, and eosinophils. Cellularity (TWBC) was estimated from the 
SDC slides. Cells having atypical cytoarchitecture were in all leukocyte 
categories except eosinophils . Among granulocytes, atypical basophils 
and heterophils were common. Atypical heterophils having defective 
granules and/or nuclei or unusual sizes were observed. Developmental 
cells of the granulocyte and lymphocyte series were also found. In some 
instances, developmental cells resembled those ordinarily residing in 
bone marrow. Atypical erythrocytes included polychromatic forms, 
others without nuclei (erythroplastids) and those with irregular shapes 
(poikilocytosis) . Early basophils, “meso” and “meta” myelocytes, and 
those with dysgranulosis (unstained granules) were observed. As the 
worldwide consumption of ducks is on the rise these observations may 
be useful to producers and those interested in avian hematology .

Key Words: duck, hematology, atypia, blood picture

357P   Characterization of lactic acid bacteria population asso-
ciated with different regions in gastrointestinal tract of chicken. 
Bishnu Adhikari*SC, Rabindra Mandal, and Young M. Kwon, Univer-
sity of Arkansas, Fayetteville, AR.

Lactic acid bacteria (LAB) have shown several beneficial effects on the 
health and production of chicken when used as probiotics. The LAB 
population might vary not only with different regions of gastrointestinal 
tract but also with different locations (lumen vs. mucosa) in the same 
region . To understand LAB populations in the gut of broiler chickens, 
we collected ceca, and distal ileum from ten 3-wk-old broiler chickens 
to analyze LAB microbiomes in cecal lumen, cecal mucosa, and ileal 
mucosa. The LAB strains from cecal lumen contents were recovered 
by plating dilutions of the content on MRS agar plate . To recover the 
LAB microbiomes associated with mucosa, the cecal and ileal samples 
were washed, homogenated and plated on MRS agar plate. The colonies 
grown on MRS were collected to form the LAB microbiomes. V1-V3 
region of the 16S rRNA gene was amplified from genomic DNA of LAB 
microbiomes, and the amplicons were pooled and analyzed by MiSeq 
sequencing with paired-end read 300 cycle option. All the sequence 
reads were analyzed with QIIME. Taxonomic analysis revealed Fir-
micutes (83.3%) as the predominant phylum followed by Proteobacteria 
(15.8%). Firmicutes were significantly higher in ileal mucosa as com-
pared with cecal mucosa (P = 0.0393), whereas Proteobacteria were 
significantly higher in cecal mucosa as compared with ileal mucosa (P 
= 0 .0362) . Among the Lactobacillus species identified, L. salivarius was 
the predominant one (30.10%) followed by L. johnsonii (22.70%), L. 
crispatus (5.40%), L. gasseri (0.30%), and L. reuteri (0.20%). About 5% 
of Lactobacilli were not assigned to any species. L. crispatus was found 
significantly higher in lumen as compared with mucosa (P = 0 .0093), 
and L. gasseri was found significantly higher in ceca as compared with 
ileum (P = 0 .0252) . This results suggest that LAB microbiomes vary 
with different regions and locations in gastrointestinal tract.

Key Words: broiler, gut, lactic acid bacteria, microbiome, 16S rRNA 
gene

358P   Effect of dietary algae (All-G-Rich) on jejunum his-
tomorphology and immune tissue development in lipopolysac-
charide-induced stress in broiler chicks. Lizza M . Macalintal*, 
Tuoying Ao, Marquisha Paul, William D. King, Anthony J. Pescatore, 
Austin H. Cantor, Michael J. Ford, and Karl A. Dawson, Alltech-Uni-
versity of Kentucky Nutrition Research Alliance, Lexington, KY.

An experiment was conducted to investigate the effect of dietary addi-
tion of graded levels of a commercial algae product (All-G-Rich) on 
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performance, gut morphometry and immune tissue development in 
broiler chicks challenged with lipopolysaccharide (LPS). All-G-Rich 
(Schizochytrium limacinum CCAP 4087/2; Alltech Inc.) contains at least 
67% total fat and 16% docosahexaenoic acid (DHA). Using 10 replicate 
pens of 6 chicks each, 360 chicks, 1 d of age, were randomly allocated 
to 6 treatments in a 3 × 2 factorial arrangement (diet × LPS). Chicks 
were fed corn-soy diets supplemented with All-G-Rich at 0, 1 or 2%. 
On d18, the treatment groups were injected either with LPS (1mg/kg 
BW) or phosphate buffered saline (1mL, PBS) . The single intravenous 
LPS challenge resulted in a monophasic hypothermia of chicks at 3 
and 6 h post challenge (P < 0 .002) and remained hypothermic through 
9 h post challenge. Chicks fed the 2% All-G-Rich diet tended to have 
higher BW in comparison with the control or the 1% All-G-Rich diets 
post-LPS challenge. LPS-induced acute phase reaction was characterized 
by increased spleen (at 3–24 h) and liver relative weights (RW) at 24 
to 72 h post LPS challenge respectively, as well as reduced bursal RW 
when chicks were fed the diet without All-G-Rich. The sIgA antibod-
ies increased with increasing supplementation of All-G-Rich in LPS-
challenged chicks. There were All-G-Rich × LPS interactive effects on 
villi height, crypt depth and villi height:crypt depth (VH:CD) . Birds 

fed the diet containing 2% All-G-Rich and challenged with LPS had 
higher (P < 0.05) villi, lower (P < 0 .05) crypt depth and higher (P < 
0.05) VH:CD ratio compared with those fed other diets. Taken together, 
results from the current trial demonstrated that supplementation of 
All-G-Rich alleviated the LPS-induced stress on lymphoid organs and 
jejunal mucosal architecture .

Key Words: All-G-Rich, broiler, LPS, lymphoid organs, jejunum 
histomorphology
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363P   Withdrawn

364P   Broiler enteric health trends from 2011 to 2015 as 
measured by field necropsy results. Kristi T . Baker* and Kevin L . 
Watkins, Elanco Animal Health, Greenfield, IN.

Necropsy results from randomly sampled birds (n = 558,580) and flocks 
(n = 100,222), normal in appearance, were entered into a computer-
based health monitoring system (HTSi, Elanco Animal Health) between 
January 2011 and December 2015 across 5 geographic regions . The 
observational unit was percentage of flocks affected (prevalence). Mean 
flock age at necropsy was 25 d in Asia Pacific (APAC) and Turkey 
Middle East Africa (TMEA), 26 d in Europe (EU) and South America 
(SA), and 29 d in North America (NA) . A composite score for overall 
intestinal integrity score (I2) was computed by subtracting individually 
weighted enteric condition scores from 100. Region, year, and region 
× year effects were analyzed using ANOVA (JMP 12), and LSMeans 
Tukey was used for pairwise mean separation. Of the 24 enteric condi-
tions scored, the most commonly reported globally were gizzard erosion 
(prevalence 43%), excessive mucus (25%), cellular sloughing (18%), 
excessive intestinal fluid (17%), gross E. acervulina (16%), feed pas-
sage (11%), litter eater (10%), intestinal tone (9%), hyperemia (9%), 
and microscopic E. maxima (8%). A region × year interaction (P < 0 .01) 
was observed for I2 score, showing that while enteric health was highest 
and stable over time for EU, NA, SA, and TMEA regions, the APAC 
region saw lower I2 scores but significant improvement over time. Low 
enteric health scores for APAC were driven mainly by higher prevalence 
of intestinal hemorrhage (10%), necrotic enteritis (2%), proventriculi-
tis (13%), gross E. maxima (15%) and gross E. tenella (12%). APAC 
reported higher E. maxima and E. tenella prevalence compared with 
all other regions where E. acervulina was the most commonly reported 
species . Flock health monitoring and benchmarking can help producers 
better understand and respond to enteric health trends. However, there 
can be large differences in disease prevalence between locations within 
geographic region so monitoring and interventions should be focused 
at the company or farm level .

Key Words: broiler, enteric health, necropsy, benchmark, health 
tracking

365P   Evaluation of direct-fed microbial Bacillus licheniformis 
and 25-hydroxycholecalciferol in coccidiosis vaccinated broilers. 
Katie A. Burchfield*SC,1, Omar Gutierrez2, Thomas Gaydos2, Audrey 
P . McElroy1, and Jason T . Lee1, 1Texas A&M AgriLife Research, Col-
lege Station, TX, 2Huvepharma Inc., Peachtree City, GA.

This experiment was conducted to evaluate the inclusion of a direct-fed 
microbial (DFM) bacterium Bacillus licheniformis in combination with 
25-hydroxycholecalciferol (HC) in diets with varying calcium levels 
(0.95 or 0.75% dietary calcium in the starter diet with similar separa-
tion in the grower and finisher diets) in coccidiosis vaccinated broilers 
on performance as compared with non-medicated feed and bacitracin 
methylene disalicylate (BMD). The experiment was designed in a 2 
(calcium) × 3 (control, BMD, and DFM + HC) factorial with 15 repli-
cates of 28 male broilers for a 45-d growout period. Calcium and total 
phosphorus was ratioed at 1.75 and all diets included phytase. Each 

basal diet was divided into 3 groups consisting of no additive, Bacillus 
licheniformis (1.5 × 106 cfu/g of feed) and 25-hydroxycholecalciferol, 
or BMD. The dietary program consisted of a starter (d 0–14), grower (d 
15–35), and finisher (d 36–45). Birds were weighed by pen at the end 
of each grow out phase to determine average body weight, body weight 
gain, feed intake, feed conversion ratio (FCR), and phase mortality . 
Early body weight (d 14) showed a significant interaction (P < 0 .001) 
between calcium level and additive as inclusion of the DFM + HC and 
BMD increased body weight in low calcium diets compared with the 
non-medicated control. At the conclusion of the trial, the lower level of 
calcium reduced (P < 0.001) body weight. One-way ANOVA determined 
that inclusion of DFM+HC and BMD treatments increased final body 
weight in the low calcium diet compared with the non-medicated diet. 
Further, mortality was reduced (P < 0.05) with the inclusion of BMD 
compared with the non-medicated control. Inclusion of the DFM+HC 
additive reduced mortality to levels similar to the inclusion of BMD . This 
data supports that the inclusion of a feed additive composed of Bacillus 
licheniformis and 25-hydroxycholecalciferol can result in performance 
levels similar to that of BMD .

Key Words: broiler, calcium, DFM, performance, Bacillus 
licheniformis

366P   Using white with red LED lighting to improve hatchabil-
ity and chick quality in broilers and layers. Gregory S . Archer*1 
and Juliette Delabbio2, 1Texas A&M University, College Station, TX, 
2Once Inc., Plymouth, MN.

Commercial chicken eggs are often incubated in complete darkness, 
although in nature they would receive some light exposure. Previous 
work has shown that layer and broiler eggs filter light differently and 
that white light could improve hatchability in broiler eggs but not layer. 
It was hypothesized that due to the difference in pigment of the egg-
shells that utilizing the inclusion of red light would improve hatch in 
white eggs similarly to that observed in brown eggs using white light. 
To determine if there is an effect of exposing embryos to an LED light 
that contained both white and red light we incubated broiler (n = 4320) 
and layer eggs (n = 4608) using the ONCE Innovations Inc . JLL LED 
light at 250 lx. Hatchability and embryo mortality, and chick quality 
were all evaluated. Light was observed to increase hatch of fertile over 
dark (broilers: 82.0 ± 2.5%; layers: 58.6 ± 9.2%) in both broilers (86.9 
± 1.5%, P = 0.04) and layers (79.2 ± 2.8%, P = 0.05). Chick quality was 
improved in both broiler and layer eggs with any light exposure when 
compared with dark incubation. Broiler eggs exposed to light (0.78 ± 
0 .04) improved (P = 0 .03) the proportion of non-defect chicks over dark 
(0.59 ± 0.03) incubated eggs. Similarly, layer eggs show the same trend 
(0.72 ± 0.03) with improved (P = 0 .001) the proportion of non-defect 
chicks over dark (0 .47 ± 0 .05) incubated eggs . The main improvement 
in both types of chicks was an increased proportion of healed navels 
at hatch. There was no difference in any other chick quality or embryo 
mortality measures (P > 0 .05) . These results indicate that red light is 
possibly the key spectrum to improving hatchability . Utilizing this type 
of LED light that has both white and red light combined makes it useful 
in both broilers and layers . Utilizing this type of light can improve the 
efficiency and quality of hatching chicks.

Key Words: incubation, light, LED, layer, broiler
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367P   Increasing hatchability in duck eggs by exposing them to 
LED light during incubation. Zachary S . Tucker1, Debbie Jeffrey1, 
and Gregory S . Archer*2, 1Maple Leaf Farms Inc., Leesburg, IN, 
2Texas A&M University, College Station, TX.

Commercially eggs are often incubated in complete darkness, although 
in nature they would receive some light exposure. Previous work has 
shown that layer and broiler chicken hatchability can be increased by 
exposing them to light during incubation. It was hypothesized that this 
would also be true in duck eggs. To determine if there is an effect of 
exposing duck embryos LED light we incubated Pekin duck eggs (n = 
3,564) under either no light (dark) or LED light (light); the light level 
was 550 lx. Hatchability and embryo mortality was calculated along 
with counting the number of ducklings hatched. Ducklings were also 
evaluated for quality. White light was observed to increase (P = 0 .046) 
hatch of fertile (79.5 ± 3.0%) over dark incubated duck eggs (71.2 ± 
2.5%). Duckling quality was not improved with light exposure (89.3 ± 
3.8% no defect ducklings) when compared with dark incubation (81.2 ± 
3.1% no defect ducklings, P > 0.05). Embryo mortality was not affected 
by light exposure during incubation (P > 0 .05) . Eggs exposed to light 
had 8.4 ± 1.9% early dead embryos, 8.6 ± 2.0% late dead embryos, and 
2.8 ± 0.4% pipped eggs. Eggs not exposed to light had 12.7 ± 9.7% early 
dead embryos, 10.6 ± 1.4% late dead embryos, and 5.5 ± 1.2% pipped 
eggs. Light exposure during incubation did not affect duckling weight 
at hatch (dark, 59 .0 ± 2 .1 g; light, 52 .9 ± 1 .6 g, P > 0 .05) . These results 
indicate that exposing duck eggs to LED light during incubation can 
increase the hatchability of fertile eggs . These results are similar to those 
observed previously in both white laying hen eggs and broiler eggs.

Key Words: incubation, light, duck, hatchability

368P   Effect of in ovo feeding on jejunum mucosa development 
in neonatal Athens-Canadian Random-Bred (ACRB) and Ross 
708 broilers. Dimitri M . Malheiros*UG, Ramon D . Malheiros, Vera 
M . B . Moraes, and Peter R . Ferket, Prestage Department of Poultry 
Science, NC State University, Raleigh, NC.

Growth rate of broilers has increased dramatically over the past 60 years; 
consequently, the neonatal period is becoming a greater proportion of 
their productive life . Perinatal enteric development may be a constrain-
ing factor of early growth and welfare, but IOF (nutrient supplementation 
of amnion) may alleviate these nutritional constraints in modern broilers 
when the embryo imbibes the amniotic fluid around 17 d of incubation. 
Arguably, genetic selection for rapid growth may cause hatchlings to be 
less precocial than their ancestors . We hypothesize gut mucosa devel-
opment of modern (Ross 708) neonatal broilers is different than their 
genetic ancestors (ACRB) and they respond better to in ovo feeding 
(IOF). To test our hypothesis, 100 eggs of each strain were incubated 
until 17.5 d and then divided into 2 groups: one injected with 0.4 mL 
of IOF nutrient solution, and the other non-injected control . At hatch, 
6 birds from each of the 4 treatment groups were euthanized and a seg-
ment of the jejunum was flushed and fixed in 10% formalin solution. 
The remaining birds were placed in battery cages with ad libitum access 
to feed and water until 8 d when another 6 chicks per treatment group 
were sampled as previously. Histological sections were prepared and 
stained by Alcian Blue for microscopic image analysis. There were no 
significant interaction effects observed at hatch, but muscularis thick-
ness was less for Ross than ACBR (37 vs 46 μm, P = 0 .01), and IOF 
increased villi height:crypt depth ratio (Vh/Cd) (6.75 vs 5.77, P = 0 .07) . 
At 8 d, Ross and ACBR strains differed in Vh/Cd (4.4 vs 3.4, P = 0 .04) 
and number of goblet cells/mm2 villus surface area (Gc/SA) (1.5 vs 
0 .9, P = 0 .005), respectively . IOF increased SA (54,620 vs 39,020, P = 

0.01), with a greater response among Ross. Cd and Gc/villus were also 
significantly increased by IOF for Ross but not ACBR. The constraints 
in enteric development in modern broilers due to genetic selection for 
growth can be alleviated by IOF.

Key Words: jejunum mucosa histomorphology, genetic selection for 
growth, in ovo feeding, neonatal development

369P   Growth performance of broiler chickens and heritage 
breeds raised on pasture. Jacqueline P. Jacob*1, Anthony J . Pesca-
tore1, Michael J . Ford1, Tatijana M . Fisher1, Sunday A . Adedokon1, 
and Tuoying Ao2, 1University of Kentucky, Lexington, KY, 2Alltech, 
Nicholasville, KY.

There has been increased interest in alternative chicken meat production 
systems. This study compared the effect of finishing meat chickens on 
pasture with those raised in floor pens. The study used a 4 × 2 factorial 
with 4 breeds [commercial-type broiler (BR), Rhode Island Red (RIR), 
Barred Plymouth Rock (BPR), and Black Australorp (BA)] raised in 
floor pens or finished on pasture. All chickens received the same diet 
(2866 kcal ME/kg; 19.2% CP). All the heritage breeds were started on 
the floor at the same time with half moved to pasture at 4 wk of age. 
BR were started on the floor 7 wk after the heritage breeds and half of 
these moved to pasture at 3 wk of age. There were 3 reps of 24 chicks 
per treatment. All chicks were placed straight run and weights adjusted 
for differences in sex ratios at the end of the 14-wk trial. The data were 
analyzed as a completely randomized design. There were breed × loca-
tion interactions affecting performance. For BR with those finished on 
pasture (2,491 g) being lighter than those raised on the floor (2,840 g). 
Of the heritage breeds, BPR were the heaviest (1,571 g) and BA the 
lightest (1,511 g) with RIR intermediate (1,526 g) but the differences 
were not significant (P = 0.0577). There was a significant breed × 
location interaction on overall FCR. There was no significant effect of 
location on FCR for BR (2.18 on the floor and 2.06 finished on pasture). 
For all 3 heritage breeds, FCR was lowest for those finished on pasture, 
but the degree varied among the 3 breeds. FCR for those finished on 
pasture averaged 3.76, whereas those finished on the floor averaged 
4.16. Mortality was low throughout the trial with the majority occur-
ring during the week after placement. Mortality was low in the pasture 
pens, with the exception of the BA lost 4 chickens during the 10 wk on 
pasture. One BPR was lost to a raccoon with no other predation. The 
results suggest that finishing BR on pasture reduces final BW but has 
no effect on overall FCR. For heritage breeds, there were no differences 
in the growth performance, but finishing on pasture improved FCR.

Key Words: heritage breed, pasture, growth performance

370P   Carcass yield of broiler chickens and heritage breeds 
raised on pasture. Jacqueline P. Jacob*1, Anthony J . Pescatore1, 
Michael J . Ford1, Tatijana M . Fisher1, Sunday A . Adedokon1, and 
Tuoying Ao2, 1University of Kentucky, Lexington, KY, 2Alltech, 
Nicholasville, KY.

This study was conducted to evaluate the effect of raising 4 different 
chicken breeds [commercial-type broiler (BR), Rhode Island Red (RIR), 
Barred Plymouth Rock (BPR), and Black Australorp (BA)] on pasture 
or in floor pens. All chickens received the same diet (2,866 kcal ME/
kg; 19.2% CP). The heritage breeds were started on the floor at the 
same time with half moved to pasture at 4 wk of age. BR were started 
on the floor 7 wk after the heritage breeds and half moved to pasture at 
3 wk of age. Each treatment had 3 reps of 24 chicks. At the end of the 
14 wk trial, 2 males and 2 females per rep were processed. Live BW, 
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warm and cold carcass wt, as well as boneless breast, tenderloin, wing 
and whole leg wt were measured. BR had the highest (P < 0 .05) cold 
WOG with the yield higher (P < 0.05) for those on the floor (76.1%) 
vs those finished on pasture (74.4%). The heritage breeds had similar 
WOG yields (63.7%) with no differences between finishing location. 
BR had higher breast yields than the heritage breeds (25.6 vs. 12.5%, P 
< 0.05). Females had higher breast yields than males (16.3 vs. 15.2%, 
P < 0 .05) . Finishing chickens on pasture increased breast yield com-
pared with those on the floor (16.1 vs 15.4%, P < 0 .05) . BR had higher 
tenderloin yield (5.6%) than the heritage breeds. Tenderloin yield was 
higher for BPR than BA (4.2 vs 3.9%, P < 0.05), with RIR (4.1%) being 
intermediary . Females had higher tenderloin yields than males (4 .6 vs 
4.3%, P < 0.05). Males had higher leg yield than females (45.3 vs 43.6%, 
P < 0.05). For BPR, birds finished in floor pens had higher leg yield 
than those finished on pasture (46.1 vs 43.7%, P < 0 .05) . For the other 
breeds, there was no difference for leg yield between those raised on the 
floor and those finished on pasture. For BR, both males and females had 
lower leg yield compared with the heritage breeds (40.8 vs 45.6%, P < 
0.05). Wing yield was highest (P < 0.05) for RIR (14.1%) and lowest 
for BR (10.1%) with the BPR and BA being intermediary. Wing yield 
was higher for those raised on the floor than for those finished on pasture 
(13.2 vs 12.7%, P < 0 .05) . The results indicate that both breed and the 
use of pastures affect carcass yields .

Key Words: heritage breed, pasture, carcass yield

371P   Effect of raising different breeds of chicken on pasture 
on skeletal development. Jacqueline P. Jacob*1, Anthony J . Pesca-
tore1, Michael J . Ford1, Tatijana M . Fisher1, Harold D . Gillespie1, 
Sunday A . Adedokun1, and Tuoying Ao2, 1University of Kentucky, 
Lexington, KY, 2Alltech, Nicholasville, KY.

The objective of this study was to look at the effect of raising meat-type 
chickens on pasture or floor pens on the bone quality. A 4 × 2 factorial 
treatment structure was used with 4 breeds [commercial-type broiler 
(BR), Rhode Island Red (RIR), Barred Plymouth Rock (BPR), and Black 
Australorp [BA)] raised in floor pens or on pasture. All chickens received 
the same diet (2866 kcal ME/kg; 19.2% CP). The heritage breeds were 
started on the floor at the same time and half moved to pasture at 4 wk 
of age. BR were started on the floor 7 wk after the heritage breeds and 
half moved to pasture at 3 wk of age. There were 3 rep of 24 chicks per 
treatment. At the end of the 14 wk trial, 1 male and 1 female from each 
rep were sampled for tibia and humerus to measure breaking strength 
and ash content . Males had higher tibia breaking strength than females 
although males had lower tibia ash than females (51.4 vs 55.7%, respec-
tively). There was a breed x location effect on tibia breaking strength as 
well as ash. There was no effect of location on tibia breaking strength 
for the heritage breeds. For BR, tibia breaking strength was higher for 
those raised on pasture than for those raised on the floor. Tibia ash was 
lower for those on pasture, but the difference was not significant for 
BA. Humerus breaking strength was effected by location, with those 
finished on the pasture having stronger bones than those raised on the 
floor. There was a breed × sex effect on humerus breaking strength. For 
BR, there was no effect of sex. For both, however, humerus breaking 
strength was higher for BR than the heritage breeds. For each of the 
heritage breeds, males had stronger humerus than females . Humerus ash 
was not effect by breed, but there was a location × sex interaction. For 
those raised on the floor, males had higher humerus ash than females 
(72.2 vs 64.1%, respectively). For those on pasture, males had lower 
humerus ash than females (59.4 vs 62.0%, respectively).The results 
show that there are differences in the bone development of different 

breeds of meat chickens, which are, in turn, effected by whether or not 
they are raised on the floor or finished on pasture.

Key Words: alternative breed, pasture, bone quality

372P   Does spectrum lighting affect layer pullets’ growth and 
subsequent production? Kayo Takeshima*UG, Andrew Heuthorst, 
Brandi Sparling, Charlene Hanlon, Adriana Rodriguez, and Gregoy Y . 
Bedecarrats, University of Guelph, Guelph, ON, Canada.

Light spectrum has been shown to influence physiological and behavioral 
processes with green and red lights promoting growth and reproduction, 
respectively. The purpose of this study was to determine whether rais-
ing layer pullets under a 60% red (R) or 60% green (G) spectrum LED 
light would influence growth and early maturation with any potential 
carry-over during the adult stage. Two replicates of 3,625 day-old 
Lohmann Brown pullets were raised in a 2-story free-run barn. Pullets 
were exposed to white LED light until 2 wk of age (woa), time at which 
red and green bulbs were installed. At 19 woa, pullets were transferred 
from their respective treatments (G or R) to either side of a free-run 
layer facility separated by a wire mesh. In the adult barn, all hens were 
exposed to 14 h of 60% red light. Body weights were taken weekly on 
a random sample (n = 50 per pen) during the pullet and adult stages . 
In the adult barn, egg production was recorded daily and expressed as 
percent egg-hen-day. At 7, 11, 18, 25 and 41 woa, various organs were 
harvested from carcasses (n = 5 per treatment), weighed, and kept for 
further analyzes. Feather scoring (n = 45) was also completed at 44 
and 50 woa. Results were analyzed by 2-way ANOVA (light and age 
as variables) followed by Sidaks multiple comparisons post-hoc test. 
Pullets from the R treatment were significantly heavier than from the 
G treatment at 15 woa (P < 0.05), whereas the opposite was observed 
at 18 woa (P < 0.01). No other significant difference were observed 
on body and organ growth between treatments. At 18 woa, the relative 
ovary to body weight of pullets from the R treatment was significantly 
higher than from the G treatment (P < 0.01). Peak production was 
achieved at 32woa (94.8%) and 27woa (94.5%) for hens from the R and 
G treatments, respectively . Throughout the laying phase, egg production 
from the R treatment hens was on average 1 to 2% higher than the G 
hens. No significant difference in feather scoring was observed. Results 
suggest raising pullets under the R treatment did not affect growth and 
development and may promote reproduction in adults .

Key Words: layer, pullet, spectrum lighting, growth, reproduction

373P   Turkey gait analysis: Calibrating a pressure-sensing 
walkway. Cara I . Robison*, Prafulla Regmi, and Darrin M . Karcher, 
Michigan State University, East Lansing, MI.

Increased awareness and a desire to identify acute lameness are growing 
more important as meat bird welfare is continually scrutinized. Technol-
ogy can be used to assess gait or lameness issues accurately and more 
objectively potentially allowing for a higher level of bird welfare to be 
achieved. Utilization of a pressure-sensing walkway such as the Tekscan 
allows for acquisition of gait, stride, and force data as birds walk over 
the walkway. To obtain accurate force data, calibration of the walkway 
is critical and the calibrating object should represent the animal being 
studied. Furthermore, using a consistent method of calibration will 
allow comparison of results obtained from different sources. Therefore, 
the objective was to determine the appropriate calibration method for 
turkeys. Five calibration methods were used to calibrate the walkway: 
step calibration using a 54-kg human, step calibration using a 80-kg 
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human, step calibration using an 11-kg turkey, step calibration with a 
3-legged phantom weighing 11 kg, and step calibration with a 3-legged 
phantom weighing 24 kg. Eight turkey hens were selected from a pen 
of 35 birds based on their desire to walk repeated times over the walk-
way. Each hen walked over the walkway until 6 useable movies were 
recorded. Data were analyzed using Proc Mixed and Proc Reg in SAS 
9 .4 . Calibration method did not affect temporospatial parameters such 
as gait, stride, or speed (P > 0.20); however, kinetic parameters such 
as force, impulse, and pressure were altered by calibration method (P < 
0.01). Average maximum force recorded during the walk varied from 12 
to 13 .5 ± 0 .2 kg depending on calibration method (P < 0 .01) . Calibration 
method can alter the kinetic parameters; however, the kinetic param-
eters are consistent within a calibration method. To make comparisons 
between studies or between multiple on-farm data collections detailed 
information about the calibration protocol must be provided . Based on 
this information, a turkey representative of the average weight should 
be used to step calibrate the walkway.

Key Words: turkey, walkway, calibration, gait

374P   Managing ammonia emission in poultry houses using 
gas-permeable membrane. Felix Buabeng*SC,1, Fawzy Hashem1, 
Mattias Vanotti2, William Brigman2, Jennifer Timmons1, Robert 
Dadson1, and Patricia Millner3, 1University of Maryland Eastern 
Shore, Princess Anne, MD, 2USDA-ARS, Florence, SC, 3USDA-ARS, 
Beltsville, MD.

Ammonia volatilization from poultry manure is one of the major air 
quality and human health concerns associated with confined poultry 
production . High accumulation of ammonia (NH3) can negatively affect 
the health of both workers and birds; therefore, this study was conducted 
to examine modules of NH3 capturing and recovery approaches using 
a gas-permeable flat and tubular membrane systems placed inside a 
6.0 m × 6.0 m room in an UMES poultry house. The objectives of the 
study were to (1) evaluate the performance of 2 gas-permeable mem-
brane NH3-capturing system models in capturing NH3, and (2) assess 
NH3 emission rate in the rooms . In this system, NH3 selectively passed 
through microporous, hydrophobic, gas-permeable membranes and was 
captured in a circulated acidic solution . Once NH3 gas passed through 
the membrane and was in contact with the acidic solution ammonium 
(NH4

+) salt was formed, which was retained and concentrated in the 
acidic solution . The experiment consisted of 3 treatments, namely: (1) 
control with no birds and membrane systems, (2) birds alone, and (3) 
birds with both membrane systems. Each room had 400 birds. The 
results of this study indicated a 24% decrease in NH3 emissions in the 
room with the installed system when compared with the room without 
the system . Ammonium nitrogen (NH4

+) recovered averaged 14 .5 ppm 
(with a range of 0.95 to 29.85 ppm) for the flat membrane system and 
213 ppm (with a range of 109.9 to 274 ppm) for the tubular membrane 
system. Chicken mortality rate was higher in the control room (6.5%) as 
compared with the room with the installed system (2.5%).The average 
feed conversion ratio(FCR) for broilers was lower in the experimental 
room (1.14) when compared with the control room (1.21). This study 
supports the concept of using gas-permeable membrane systems to 
capture NH3 from poultry manure .

Key Words: gas permeable, ammonium, poultry, ammonia, 
membrane

375P   A novel blend of natural botanical oils supplied in the 
drinking water reduces on-farm mortality. Ashley L . Wagner*1, 
Lorraine Fuller2, Ivan D . Girard1, and David W . Sammons3, 1Pro-
biotech International, Saint-Hyacinthe, QC, Canada, 2University of 
Georgia, Athens, GA, 3University of Tennessee at Martin, Martin, TN.

On-farm mortality is influenced by a variety of factors and increases 
profit losses especially when it occurs late in the grow cycle. Botanical 
oils (BO) have shown mixed results when it comes to reducing mortality. 
The objective of the present trial was to evaluate the efficacy of a novel 
blend of natural botanical oils for drinking water at reducing mortality 
on a commercial broiler farm in Tennessee. Six barns with an average 
of 21,000 birds/barn were used. All birds were vaccinated with live 
oocysts before arrival at the farm, and were administered salinomycin 
in the feed from d 16 to 25. Barns were randomly assigned to a control 
(CON; n = 3) or BO treatment (n = 3); where the CON water lines were 
not treated and the BO treatment was administered at 500 ppm in the 
water line from d 21 to 30. Daily mortality was evaluated from d 21 to 
53, and droppings were collected at d 21, 25, and 30 for oocysts counts. 
Statistics were analyzed using PROC MIXED of SAS for all independent 
variables . Daily mortality differed (P < 0.0001) between the 2 groups 
with an overall higher mortality in the CON than the BO treatment. 
Peaks in mortality occurred at d 39 (P = 0 .13), 45 (P = 0 .11), and 51 (P 
= 0.001), where the mortality peaks were higher in the CON barns than 
BO barns. Cumulative mortality was higher (P < 0 .0001) in the CON 
barns compared the BO treated barns beginning at d 43 (P < 0 .10) and 
46 (P < 0.05), and continuing to the end of the flock cycle (CON: 1477 
± 57; BO: 931 ± 57) . Oocyst counts for E. acervulina tended to be lower 
(P < 0 .09) in the BO treated birds on d 21 and 25 . Oocyst counts for E. 
tenella was not significant (P = 0 .30), but numerically higher in CON 
birds compared with BO birds. The results demonstrate the efficacy of 
BO to reduce mortality on a commercial broiler farm . Additionally, this 
trial indicates the benefits of BO after administration ceased by keeping 
the mortality lower throughout the entire life cycle of the flock.

Key Words: botanical oil, mortality, water

376P   Effects of genetic line and incubation temperature 
profiles on broiler live performance until 56 days of age. Edgar O . 
Oviedo-Rondón*1, Albaraa Sarsour1, Hernan A . Cordova1, Beatriz 
Saldaña1,2, Luis C . Bernal-Arango1,3, Ricardo Fasanaro1,4, Mariana 
Mesquita1,5, Luke Borst6, and John Barnes6, 1Prestage Department 
of Poultry Science, North Carolina State University, Raleigh, NC, 
2Universidad Politécnica de Madrid, Madrid, Spain, 3Politécnico 
Colombiano Jaime Isaza Cadavid, Medellín, Antioquia, Colombia, 
4Universidade Estadual Paulista, Botucatú, SP, Brazil, 5Universi-
dade Federal de Goiás, GO, Brazil, 6College of Veterinary Medicine, 
North Carolina State University, Raleigh, NC.

Genetic lines differ on live performance and incubation conditions could 
be an additional factor increasing grow-out variability. This experiment 
was conducted to evaluate the effects of temperature incubation profiles 
on live performance of 3 genetic lines . A total of 1,000 eggs from 3 
genetic lines: Cobb 500 × Cobb MX, Ross 708 × Ross and Cobb 500 
× Hubbard M99, were randomly distributed into 4 machines with 2 
incubation temperature profiles. In 2 machines, eggshell temperatures 
were maintained close to 37.8°C (100.0°F) during the whole incuba-
tion period by adjusting machine set points to simulate single stage 
incubation (Standard) . In the other 2 machines, eggshell temperatures 
were low (36.9°C) for the first 3d and close to 37.8°C until the last 3d 
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when eggs had elevated (38.9°C) eggshell temperatures (Low-High), 
as it is observed in multistage machines with fixed set point (37.5°C). 
Eggshell temperatures were measured with pipe-probes and thermistors. 
At hatch, 720 chicks sex-separated (12/pen) were randomly distributed 
into 60 pens with 5 replicate pens/treatment combination. All chickens 
were fed common diets ad libitum. BW and feed intake were analyzed 
every 2 wk. BW gain and FCR were calculated at the end of each phase. 
Data were analyzed as randomized complete block design with a 3 × 
2 × 2 factorial arrangement of genetic lines, incubation profiles and 
sex as main effects. No 3-way interactions (P > 0.05) were detected. 
There was a 2-way interaction effect (P < 0.05) between genetic lines 
and incubation profile at hatch. Cobb × Hubbard incubated under Low-
High conditions were heavier at hatch than those coming from Standard 
incubation. Ross × Ross were lighter (P < 0 .05) than the other lines 
during the whole grow-out, with lower (P < 0 .001) feed intake up to 42 
d. However, no significant differences (P > 0 .05) among genetic lines or 
incubation temperature profiles were detected on FCR. In conclusion, 
genetic lines differed on live performance and incubation temperature 
profiles did not significantly influence grow-out parameters.

Key Words: live performance, incubation, genetic line, broiler

377P   Effect of chlorine treatment on day 7 biofilm removal 
and its effect on inhibition of Escherichia coli serogroup O2 
incorporation into established biofilm. Pramir Maharjan*SC,1, 
Geraldine Huff2, Wen Zhang3, and Susan Watkins1, 1Department of 
Poultry Science, University of Arkansas, Fayetteville, AR, 2USDA-
ARS Poultry Production and Product Safety Research, University 
of Arkansas, Fayetteville, AR, 3Department of Civil Engineering, 
University of Arkansas, Fayetteville, AR.

Poultry waterlines are constructed using polyvinyl chloride (PVC) 
material which can easily form biofilms. Biofilms can harbor pathogens 
including E. coli serogroup O2, a strain of APEC . An in vitro test (n = 
2) was conducted to understand biofilm growth rate on PVC surface 
using water type >4.5 log10 cfu/ml as test water and its removal upon 
application of sanitizer. Next objective was to test if E. coli O2 strain 
could incorporate into the established biofilm. PVC test coupons (15.16 
cm2) were used in the study and were immersed in test water in beakers 
(3 coupons/beaker; 6 beakers) to grow biofilm for 7 d period. Tempera-
ture of test water was set dynamic over time, 90°F on d 1 and then a 
1°F drop each day over 7-d period. Also, the water inside beakers that 
bathed the coupons was gently agitated; the purpose was to mimic the 
flowing water in waterlines in first week of brooding. On d 7, coupons 
(n = 6) were analyzed for APC levels and then remaining 2 coupons 
per beaker were transferred into pathogen free water utilizing 6 beakers 
(300 mL/beaker). 0.1 mL of tryptose phosphate buffer that has E. coli 
O2 (7 × 107cfu/mL) was seeded in each of the beakers and then treated 
with chlorine (3 beakers) producing ~3 ppm free chlorine. Three beakers 
served as control. Beakers were set at 83°F for 24 h post treatment and 
82°F post 24 h treatments and were similarly agitated. Coupons were 
sampled (by swabbing) for APC and E. coli O2 presence post 24 and 48 
h treatment . Day 7 APC recovered had 4 .35 log10 cfu/cm2 in trial 1 and 
3 .66 log10 cfu/cm2 in trial 2. Upon chlorine application, APC in biofilm 
were not recovered (P < 0.05) during the sampling occasions, whereas 
control had similar (P > 0 .05) level of APC in trial 1 or increased APC 
level (P < 0 .05) in trial 2 . E. coli O2 was not detected in treated test 
coupon samples, whereas it was detected in control (>3 log10 cfu/cm2) in 
both the trials. The results show that biofilm can quickly (≤7 d) develop 
on PVC surface in contaminated water and E. coli O2 can incorporate 
into established biofilm if water is not treated.

Key Words: waterline, biofilm, Escherichia coli O2, chlorine

378P   Effect of direct-fed sulfur on ammonia emission in built-
up litter. James T . Krehling*, Laci B . MacKay, Bradley Schrader, 
Elle V. Chadwick, Joseph B. Hess, and Kenneth S. Macklin, Auburn 
University, Auburn, AL.

The use of litter acidifying agents is a common practice used to control 
ammonia levels, which is an important aspect in poultry management. 
In a previous study performed on clean bedding material, sulfur at a 
feed inclusion rate of 2.27 kg/ton with or without the addition of sodium 
bisulfate at 22.67 kg/92.9m2 as a litter amendment reduced ammonia 
levels without affecting bird live performance. A follow-up study was 
performed using built-up litter in place of fresh bedding to determine 
if this change affected either ammonia levels or live bird performance . 
Eight hundred straight run broilers were randomly assigned to 32 pens 
(25 birds/pen). Inclusion levels for treatments containing sulfur and/or 
sodium bisulfate were 2.27kg/ton of feed and 45.36 kg/92.9 m2 onto the 
litter respectively. The treatments were as follows: (Con) control, (S) 
sulfur, (S+SB) sulfur+sodium bisulfate, and (SB) sodium bisulfate . SB 
was spread onto the surface of built-up litter in the assigned pens 24 h 
before placement of the chicks. Live performance data was recorded at 
d 0, 9, 30, and 38. Ammonia readings were taken at d 9, 24, and 38. At 
trial termination (d 38), birds were scored for footpad dermatitis, pen 
litter quality scored and litter was collected for moisture and pH analysis. 
Data was analyzed using the GLM procedure; if significant (P ≤ 0.05), 
means were separated using Tukey HSD. There was no significance 
between treatments for BW on d 9 or 38. Day 30 BW were significantly 
higher (P < 0.05) for SB compared with S. Day 0 to 38 AFCR values for 
S were significantly higher (P < 0.001) compared with other treatments. 
There was no significance between treatments for ammonia on d 23 or 
38. Day 9 ammonia values were significantly higher (P ≤ 0.05) for S 
and Con compared with S+SB and SB. There was also no significance 
between treatments on d 38 for footpad dermatitis, litter scores, pH, or 
moisture levels . Based upon the results, the addition of sulfur at this 
rate did not negatively affect ammonia level, BW, pH, footpad score 
or litter moisture as compared with the other treatments at D38. In this 
initial trial there was a significant increase in AFCR when comparing 
the S treatment to the others .

Key Words: ammonia, sulfur, broiler, AFCR

379P   Effect of incubation temperature on residual yolk sac 
and liver lipids by meat-type chicken embryos. Francine Vercese* 
and Gita Cherian, Oregon State University, Corvallis, OR.

There is a growing interest in manipulating temperature during incuba-
tion for initiating adaptation to post-hatch environment . The objective 
of the study was to investigate effects of incubation temperature on 
residual yolk sac and liver lipids in broiler chick embryos . One hun-
dred twenty eggs were incubated at a temperature of 100°F. On d 11 of 
incubation, the eggs were distributed into 2 groups of 60 eggs each. The 
eggs were maintained at a constant temperature of 100°F (Control) or at 
101.3°F (High). At embryogenic age (EA) 13, 16 and 19, 20 eggs were 
taken from each treatment. Liver and residual yolk sac was dissected, 
weighed and subjected to total lipid and fatty acid analysis. The aver-
age weights of eggs incubated were 63.5 g. Overall, embryo, liver, and 
residual yolk sac weight at all ages were higher in High than Control 
(P < 0.01). Total lipid content of liver was higher in High than Control 
(P < 0.01). No difference was observed in the yolk sac total lipid (P 
> 0.05). No effect of incubator temperature was observed on saturated 
fatty acids, monounsaturated fatty acids (MUFA), and total n-3 and n-6 
polyunsaturated fatty acids (PUFA) in the residual yolk sac. However, 
EA had significant effect on yolk sac content of MUFA, long chain 
(>20-C) n-3 and n-6 PUFA. At EA 13, 16, and 19 a significant decrease 
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in MUFA (P < 0 .004), total LC n-3 (P < 0 .001) and LC n-6 (P < 0 .01) 
was observed. In conclusion, the results demonstrate that incubation 
temperature influences embryo weight, liver weight and lipid content. 
Considering the diverse roles of lipids in growth and maturation of the 
embryo, these results suggest that early thermal manipulation could 
be used as tool to enhance growth, health and adaptation to post-hatch 
environmental temperature .

Key Words: chick embryo, incubation, liver, lipid, yolk sac

380P   The effect of water magnetization on egg production 
and quality of laying hens. Mohamed I . El Sabry1, Jose W . Charal2, 
Katherine Rubio*2, Kenneth W . McMillin2, and Theresia Lavergne2, 
1Cairo University, Giza, Egypt, 2LSU Agricultural Center, Baton 
Rouge, LA.

This trial was conducted to evaluate egg production and quality from 
laying hens having a magnetized water source. For the water magneti-
zation treatment group, 2 magnets (3000 gauss each), were affixed to 
the exterior surface of the incoming PVC water lines. One hundred 92 
Hy-Line W36 hens, 48 wk of age, were housed in a tunnel ventilated 
house. On d 0 of the trial, hens were randomly allotted to one of 2 treat-

ment groups: control (un-magnetized water line) or magnetized water 
line. There were 3 replicates per treatment with 6 cages per replicate. 
There were 6 (replicate 1) or 5 (replicates 2 and 3) hens per cage. Feed 
and water were provided ad libitum. Hens were fed a standard laying 
diet formulated to contain 0.82% lysine, 4.80% Ca, and 0.43% P. The 
trial was conducted for 28 d. Water samples were analyzed for pH. The 
response criteria were egg production, egg weight, egg quality, and egg 
mineral content. Egg weight and egg quality were determined on one d 
of each wk of the trial. The pH of the water from magnetized lines (7.97) 
was lower (P < 0.01) than the pH of the water from the un-magnetized 
lines (8.22). Egg production, egg weight, and specific gravity were not 
affected by magnetization of the water lines of laying hens. Albumen 
and yolk height, Haugh units, yolk index (%), and shell mass were 
higher (P < 0.05) for eggs laid by hens that received magnetized water 
than for eggs laid by hens that received un-magnetized water. Yolk Mg 
content was higher (P < 0 .005), and Ca (P = 0 .07), K (P = 0 .08), and S 
(P = 0 .10) tended to be higher in yolks from hens receiving magnetized 
water compared with yolks from hens receiving un-magnetized water. 
Magnetized water improved egg quality but did not affect layer egg 
production or egg weight.

Key Words: layer hen, water, magnetic, egg quality, egg production
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381P   Influence of feed form and diet phase on day 46 to 53 
broiler performance and processing. Mark E . Lemons*SC,1, Chris-
topher D . McDaniel1, Joseph S . Moritz2, and Kelley G . S . Wamsley1, 
1Department of Poultry Science, Mississippi State University, Mis-
sissippi State University, MS, 2Department of Animal and Nutritional 
Sciences, West Virginia University, Morgantown, WV.

Past research from our laboratory demonstrated FF presented in each 
dietary phase interacted for 0–46 d broiler performance; therefore, 
encouraging further investigation of dietary phase and FF on 46-d 
broiler performance. The current companion study utilized a 2 × 2 × 2 
× 2 factorial arrangement of treatments in a randomized complete block 
design using high and low FF in each of 4 dietary phases. From 0 to 
14 d, broilers were provided either a ground crumble or intact crumble 
and provided either 50 or 80% pellets from 14–28, 28–46, and 46–53 
d. Formulations were common and commercially relevant. Diets were 
initially manufactured to create the high FF [crumbles (<14d) and 80% 
pellets (>14 d)]; low FF [ground crumbles (<14 d) and 50% pellets (>14 
d)] diets were created from grinding a portion of the high FF diet and 
remixing. Feeder space access adjusted to 0.02 m/bird in an effort to 
mimic commercial production. A total of 2,112 Ross × Ross 708 male 
broilers were obtained from a commercial hatchery and randomly 
placed in 176 pens (0 .3 m2/bird). Three broilers/pen were processed 
on 54 d of age at the Mississippi State University Pilot processing 
plant . Feed forms presented from 0–14, 28–46, and 46–53 d interacted 
for 46–53 d feed conversion ratio (FCR, P = 0 .04) . Broilers receiving 
50% pellets from 28 to 46d resulted in the lowest FCR when receiving 
either ground crumbles from 0 to 14 d with 50% pellets from 46 to 53 
d or intact crumbles from 0 to 14 d with 80% pellets from 46 to 53 d. 
Broilers receiving 50% pellets from 28 to 46 d had the highest 46–53d 
BW gain (P = 0.01). Body weight improvements were likely associated 
with an increase in 46–53d feed intake (P = 0 .01) for broilers receiving 
50% pellets from 28 to 46 d. Also, FF presented from 0–14, 28–46, 
and 46–53 d interacted (P < 0 .05) for pectoralis major, minor, and total 
weight. Broilers receiving 80% pellets from 14–28 and 46–53 d were 
influenced by 0–14 d FF, with intact crumbles resulting in the largest 
weight. Data from the current and companion study demonstrate that 
FF interacts with each dietary phase, suggesting broilers are highly 
sensitive to changes in FF throughout a 53-d grow-out.

Key Words: feed form, dietary phase, broiler performance, feed 
manufacture

382P   Dietary lysine: Effects on lysine homeostasis and 
performance of broiler chickens. Collins Khwatenge*SC, Samuel 
Nahashon, Sarayu Boghoju, Boniface Kimathi, and Joseph Donkor, 
Department of Agricultural and Environmental Sciences, Tennessee 
State University, Nashville, TN.

Lysine interactions affect growth performance of growing chicks. This 
study evaluates the effect of varying dietary lysine on lysine homeostasis 
and performance of broiler chickens. In 4 replicates, 168 birds were 
fed diets comprising 0.85, 1.14, and 1.42% lysine and 0.75, 1.00, and 
1.25% lysine at hatch-4 and 5–8 weeks of age (WOA), respectively, 
representing 75, 100, and 125% of NRC recommendation for broilers, 
respectively. All diets were isocaloric (3,100 and 3,200 kcal of ME/
kg) and isonitrogenous (23 and 21% CP) at hatch-4 and 5–8 WOA, 
respectively. Feed and water were provided ad libitum and birds were 

weighed weekly and BW gain (BWG), feed consumption (FC) and 
feed conversion ratio (FCR) was determined. At 8 WOA, duodenal 
loop, liver, pancreas, hypothalamus and adipose tissues were excised 
and snap frozen in liquid nitrogen and stored at −80°C until use for 
RNA extraction. The RNA was reverse-transcribed to cDNA, which 
was used in gene expression assays. Increasing dietary lysine from 
0.85 to 1.42% increased BWG and FC, and decreased FCR of broiler 
chickens (P < 0.05). Low lysine (0.85%) caused high mortality. Ghrelin 
was upregulated (P < 0 .05) in the hypothalamus, pancreas and liver of 
birds fed the 0.75 and 1.25% lysine diets, respectively. Ghrelin’s expres-
sion in the intestines of birds fed 1.25% lysine diets was less than that 
of 1.0% lysine and not expressed in the intestine of the 0.75% lysine 
birds. Highest expression of leptin and adiponectin were observed in 
the hypothalamus and liver of birds on 0.75% lysine diets. At 1.25% 
lysine diets, the expression was lower than 1.0% lysine (P < 0 .05) . 
Adiponectin was not expressed in the pancreas and intestines but was 
significantly expressed in the liver of birds fed the 0.75% lysine diets. 
Expression of ghrelin was negatively correlated with that of adiponectin 
and leptin in the liver, hypothalamus and pancreas (P < 0.05). However, 
leptin expression was positively correlated to adiponectin in the hypo-
thalamus and liver (P < 0 .05) . Therefore, lysine seems to be involved 
in the regulation of ghrelin, leptin, and adiponectin, which also creates 
a sense of satiety when the level of dietary lysine is low.

Key Words: lysine, ghrelin, leptin, adiponectin, gene expression

383P   Yolk sac composition of chick embryos and newly 
hatched chicks from broiler breeders supplemented with con-
jugated linoleic acid. Poliana C . Martins1, Lais M . Montel1,2, Billy 
N. Marques1, Laura C . B . Drosghic1, Januaria S . Santos1, and Jose 
H . Stringhini*1,2, 1Universidade Federal de Goias, Goiania, Goias, 
Brazil, 2CNPq researcher, Brazilia, Distrito Federal, Brazil.

We evaluated weight and composition of yolk sac of embryos at 18 d 
of incubation and newly hatched chicks, obtained from broiler breeders 
supplemented with conjugated linoleic acid (CLA). Two 58 week-old 
commercial breeder flocks were fed 2 diets: (1) control, and (2) CLA 
supplemented (0.025%). Two hundred seventy eggs per treatment were 
incubated and at 18 d of incubation and after hatching, 5 embryos and 
40 newly hatched chicks per treatment were euthanized. Bird and yolk 
sac were weighed to calculate relative weight. Yolk sacs were grouped 
into 5 pools per treatment, according to the age, to evaluate dry matter 
(DM), ash content, ether extract and crude protein expressed either in 
organic matter (OM) or in DM basis . A completely randomized design 
with 2 treatments and 5 replications was used, and F test used to com-
pare averages (R Development Core Team, 2014). The relative weights 
of both embryo and newly hatched chick yolk sacs were not affected 
by treatments. Ash contents in OM or DM basis were not affected. 
However, DM content was higher (P < 0 .001) in embryo’s yolk sac 
originated from breeders supplemented with CLA (48.79 vs. 47.29%), 
but this difference was not observed at hatch. The yolk sac of embryos 
from breeders supplemented with CLA had a higher percentage of ether 
extract in OM (P < 0.001), with 24.39 vs. 22.82%, and in DM basis (P 
< 0.007), with 49.95 x 48.06%, respectively, but these variables were 
statistically similar in newly hatched chick. Crude protein percentage in 
OM basis were statistically different only after hatching, being higher (P 
< 0.023) in control diet (23.95% x 23.61%). Crude protein in DM basis 
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were higher in the yolk sac of the control progeny, both in embryos (P 
< 0.001), with 36.78% vs. 35.47%, and in newly hatched chicks (P < 
0.001), with 42.79% vs 41.82%, respectively. CLA supplementation in 
breeder’s diet affected chemical composition, increased DM and ether 
extract of chick yolk sac, and reduced crude protein content of embryos 
and chicks, possibly due to the change in lipid metabolism of breeder 
and the offspring .

Key Words: breeder nutrition, embryonic development, lipid 
metabolism, nutrient transfer

384P   Nitrogen-corrected apparent metabolizable energy value 
of macadamia nut cake for broiler chickens. Sudhir Yadav*SC, 
Julio D . Berrocoso, and Rajesh Jha, Department of Human Nutrition, 
Food and Animal Sciences, University of Hawaii at Manoa, Hono-
lulu, HI.

Corn and wheat are still the most widely used energy feedstuffs in poultry 
diets . Market availability and competition among food, feed, and fuel 
for the use of these conventional feedstuffs has led to wide variation in 
prices, thereby affecting the feed costs of broilers . Thus, it is impera-
tive to explore and evaluate novel feedstuffs for sustainable poultry 
production . Macadamia nut cake (MNC), an unused byproduct of the 
oil extraction industry, contains a large quantity of energy, fat, and a 
fair amount of protein . But, there is no or limited information available 
on its utilization in broiler chicken. Two energy balance studies were 
conducted to determine the nitrogen-corrected apparent metabolizable 
energy (AMEn) value of MNC . To accomplish this, 160 broiler chicks 
(Cobb 500) were raised on corn and soybean meal based control diet 
with MNC as test ingredient. Feed intake, body weight, energy intake 
and excretion, nitrogen (N) intake and excretion, AMEn, and AMEn 
intake were determined in both studies. In study 1, 2 dietary treatments 
(control, 0% MNC and test diet, 6% MNC) were fed from 4 to 11 d of 
age. AMEn was determined by subtracting AMEn of control diet from 
AMEn of diet with 6% MNC. In study 2 (from 17 to 24 d of age), 4 diets 
(0, 3, 6, and 9% MNC inclusion) were fed at 91, 94, 97, and 100% of ad 
libitum intake so the differences in AMEn consumption were assumed 
only due to MNC. AMEn intake was regressed against feed intake with 
the slope estimating AMEn of MNC. Regression equation used was Y 
= 3,249 .5x – 156 .69 (P < 0 .0001; SE of the slope = 200; r2 = 0 .85) . The 
AMEn of MNC was determined as 3,492 and 3,249 kcal/kg in study 1 
and 2, respectively with an average of 3,370 kcal/kg. This result indicates 
that AMEn of MNC is comparable to conventional feedstuffs, thus can 
be incorporated in broiler diets .

Key Words: apparent metabolizable energy, broiler, coproduct, 
energy balance, macadamia nut cake

385P   Withdrawn

386P   Apparent metabolizable energy of microalgae (Spirulina 
sp.) for broilers under different methodologies. Fernando de C . 
Tavernari*1,2, Lenilson F . Roza2, Diego Surek1, Marcel M . Boiago2, 
and Diovani Paiano2, 1Embrapa Suinos e Aves, Concordia, SC, 
Brazil, 2Udesc, Chapeco, SC, Brazil.

Besides having the potential to produce biofuels, microalgae present 
themselves as attractive for use in animal nutrition, as having significant 
amounts of protein, carbohydrates, minerals, vitamins, and ether extract . 

Given this, it is necessary to evaluate the metabolizable energy (ME) 
of this ingredient for broilers. Therefore, there was a metabolism test 
to determine the apparent metabolizable energy (AME) and corrected 
for nitrogen balance (AMEn) of microalgae (Spirulina sp .) for broilers 
through the total collection method (traditional) and partial (with indi-
gestible indicator) excreta. A total of 280 male broilers Cobb 500 were 
used (1 d old) in a randomized block design with 2 treatments and 10 
repetitions (metabolic cages) of 14 birds per repetition . The treatments 
consisted of one group of birds that received basal diet free of microalgae 
and another group that received 80% of basal diet + 20% of microalgae. 
The experimental period was between 14 and 22 d, with 5 d (14–18 
d) of adaptation of the experimental diets and 4 d (19–22 d) of excreta 
collection. The methods used to determine the EMA was the total or 
partial collection (indigestible indicator ash insoluble in acid - Celite) 
in the amount of 10 g/kg of diet. The microalgae used was 89.02% DM, 
51.46% C`P; 0.99% EE; 1:06 FB; 9:44 Ashes; 0.313% Ca, 1.101% P 
and 4399 Kcal / kg EB. Data were subjected to t-Student’s test (P 0.05). 
According to the findings of the trial, the EMA microalgae determined 
by the total collection method (3219 kcal / kg DM) was higher (P < 
0.05) than the partial collection method (2242 kcal / kg DM). The 
AMEn was also higher (P < 0 .05) in the total collection method (2801 
kcal / kg DM) compared with partial (2215 kcal / kg DM). The method 
evaluation of EMA influences on the results and could underestimate 
or overestimate the EMA .

Key Words: metabolizable energy, broiler, Spirulina sp .

387P   Nutritional evaluation of Glutenol, a co-product of etha-
nol production. Shelby P . Reed*, Pamela L . Utterback, and Carl M . 
Parsons, University of Illinois, Urbana/Champaign, IL.

The objective of this study was to evaluate the nutritional value of Glu-
tenol, a new co-product of the ethanol industry. Glutenol was produced 
by Quality Technology International in a modified wet milling plant 
using a hybrid process, NextGenFrac, that fractionates the corn kernel 
components before fermentation without the use of sulfur dioxide. Glu-
tenol was analyzed to contain 52.3% CP, 1.7% Met + Cys, 1.32% Lys, 
1.69% Thr, and 2.23% Val on a DM basis. Two precision-fed rooster 
assays with conventional and cectomized roosters were conducted to 
determine TMEn and amino acid digestibility respectively . The deter-
mined TMEn of Glutenol was determined to be 3,256 kcal/kg DM. 
Standardized digestibility values for Met, Lys, Cys, Thr, and Val were 
90.4, 80.1, 74.1, 81.1, and 84.9% respectively. In addition, a 3-wk broiler 
chick assay was conducted with increasing levels of dietary Glutenol. 
Diet 1 was a standard corn/SBM diet with 0% Glutenol. Diets 2, 3, and 
4 had increasing levels of Glutenol at 4, 8, and 12%, respectively. As 
the level of Glutenol increased, the level of SBM in the diet decreased 
from 35.77% in diet 1 to 29.42% in diet 4 to keep the protein levels 
equal among treatments. Ross 308 male broilers were housed in bat-
tery cages and fed the experimental diets from 3 to 22 d post-hatch . All 
diets were formulated to be equal in ME and digestible amino acids. 
Weight gain, feed intake and gain/feed ratio were measured. No signifi-
cant differences in growth performance were observed among dietary 
treatments. In conclusion, Glutenol can be fed up to at least 12% in the 
diet of broiler chickens if diets are formulated to be equal in ME and 
digestible amino acids .

Key Words: distillers dried grains, Glutenol, broiler, digestibility, 
wet milling
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388P   Effect of soybean meals of different origins on apparent 
ileal digestibility of amino acids in 22-day-old broilers. Lourdes 
Cámara, Mohammad V . Kimiaeitalab, Pilar Guzmán, Beatrix 
Saldaña, Husham A. Mandalawi, and Gonzalo G. Mateos*, Departa-
mento de Producción Agraria, Universidad Politécnica de Madrid, 
Madrid, Spain.

We studied the effect of soybean meals (SBM) from USA, Brazil (BRA), 
and Argentina (ARG) on the apparent ileal digestibility (AID) of the 
amino acids (AA) . In total, 500 one-day-old, straight run Ross 308 
broilers were used. Nine SBM samples from 3 different origins, USA 
(n = 3), Brazil (BRA; n = 3), and Argentina (ARG; n = 3) were used in 
the study. The samples used were collected by trained personnel at the 
discharge of the cargos from the different countries. Each treatment was 
replicated 10 times and the experimental unit was a cage with 5 broilers. 
Birds were fed a commercial corn-soybean meal diet from 1 to 18 d of 
age in pellet form and then, their corresponding experimental diets in 
mash form. These diets that resulted from the combination of 42.6% 
SBM and 57.4% of a nitrogen free diet to 22 d of age. The nitrogen 
free diet was based on corn starch, dextrose, soybean oil, minerals, and 
solka-floc, and did not contain any protein source. Data were analyzed 
as a nested design using the MIXED procedure of SAS . The main effect 
of the model was the country of origin of the SBM and the nested effects 
were the SBM samples within origin and the cage within the SBM. When 
the model was significant, the Tukey test was used to make pairwise 
comparisons between treatment means. Although all SBM, regardless 
of origin, were similar to each other, in general, the AID of DM, CP, and 
of most AA (Lys, Met, and Thr) was higher for the USA meals than for 
the South American meals, although the differences were not significant.

Key Words: amino acid, apparent ileal digestibility, broiler, soybean 
meal origin

389P   Effect of dietary inclusion of treated rice straw on 
growth performance and heat increment of broiler chicks. Medhat 
Adly Michael*, Ministry of Agriculture, Cairo, Egypt.

This study was conducted to evaluate the performance, nutrient digest-
ibility, and heat increment of broilers fed diets supplemented with rice 
straw treated by effective microorganisms (EM) after thermo-mechanical 
grinding for improving the nutritive value . The chemical composition of 
treated rice straw (TRS), based on dry matter was as follows: ME, 1,750 
kcal/kg; CP, 11%; NDF, 49.3%; ADF, 10.2%; hemicellulose, 38.8%. The 
experimental diets were iso-energetic containing TRS at different up-
graded levels 0 (control); 5; 10; 15; 20 or 25%. A total of one hundred 
eight day-old Cobb 500 broiler chicks were evaluated in this study, 
distributed in a completely randomized design with 6 treatments and 3 
replicates, 10 chicks each. Data were analyzed as a one-way ANOVA, 
and significant means were separated using Duncan’s multiple range 
test (P ≤ 0.05). Weight gain (WG), feed intake (FI), feed conversion rate 
(FCR), nutrient digestibility were recorded up to 7 wk of age, while heat 
increment was measured from d 21 to 49 in broilers kept in thermoneutral 
(23 ± 1°C) controlled temperature chambers. No significant differences 
were found in WG among broilers fed the control diets and those fed 
diets containing 5 or 10% TRS. Feeding broilers on diets containing 
5% TRS was significantly (P < 0.05) improved in FCR compared with 
those fed with 15 or 20% TRS and insignificant improvement with those 
fed the control diet or diets containing 10% TRS. Total digestibilities 
nutrients of broilers fed the control diets were significantly (P < 0 .05) 
improved than those fed with 15, 20, or 25% TRS, and insignificant 
with the broilers fed diets containing 5% or 10% TRS. Heat increment 
was significant (P < 0 .05) reduce in broilers fed diets containing 5, 10 

or 15% compared with those fed with 20 or 25% TRS. In conclusion, 
treated rice straw is a potential substitute for common ingredients used 
as energy and protein sources in broiler diets with reducing the feed 
cost while maintaining performance.

Key Words: treated rice straw, heat increment, digestibility, broiler 
performance .

390P   Performance, carcass yield and excretion of broilers 
fed diets supplemented with different calcium and fat sources. 
Medhat Adly Michael*, Ministry of Agriculture, Cairo, Egypt.

The experiment was conducted to investigate the effect of interaction 
between different calcium and fat sources in broiler diets and its effects 
on improving the performance, intestinal digestion, total-tract retention 
of calcium and excreted fat as soap formation in broiler chicks . A total 
of 240 Hubbard broiler chicks (1-d-old) were allotted randomized into 8 
treatments in a 2 × 3 + 2 factorial design with 3 replicates and 10 chicks 
each . The experimental diets containing 2 calcium sources, calcium 
lactate (CL) or calcium carbonate (CC), at NRC calcium requirement in 
the presence of 3 fat sources, soybean oil (SBO), sunflower oil (SFO), 
or palm oil (PO), were included in the diets at level 5%, and 2 control 
diets, negative control (NC) containing CC or positive control (PC), 
containing CL. Data were analyzed by 2-way ANOVA and the means 
were compared using Tukey test at 5% probability. Weight gain (WG), 
feed intake (FI), feed conversion rate (FCR), nutrient digestibility and 
excreta soap formation were recorded up to 6 wk of age. The WG of 
broilers fed diets containing CL plus SBO fortified diet were insignifi-
cantly higher than those fed with CL plus SFO. A significant (P < 0 .05) 
improvement in FCR was observed with broiler fed diets containing 
of CL plus SBO. Treatments with CC plus PO showed worst values of 
FCR . Feeding broilers on diets contained CL plus SBO improved (P 
< 0.05) significantly the digestibility of total nutrients than those fed 
the NC or PC. Excreted fat as soap formation and abdominal fat were 
improved with broilers fed diets contained CL than those fed with CC 
plus experimental fat sources . The nitrogen and calcium retained, as 
percentage of intake, were improved (P < 0.05) with broilers fed the PC 
or diets contained CL plus either SBO, SFO or PO than those fed the 
other experimental diets . In conclusion, dietary inclusion calcium lactate 
improved the calcium retention, bone calcium and depress excreted fat 
as soap formation with improving the broilers’ performance.

Key Words: calcium lactate, soybean oil, soap formation, broiler 
performance .

391P   Nutritional density of diets effect on performance of 
W-36 pullets from 1 to 6 weeks of age. Fernando Guilherme Peraz-
zoCosta*1, Lavosier E . Cavalcante1, Sarah Gomes Pinheiro1, Fer-
nanda A . S . Parizio1, Danilo T . Cavalcante1, Leonilson Silva Dantas1, 
José G . V . Junior1, G . F . L . Cruz1, Eduardo Terra Nogueira2, Gabriel 
B . S . Pessoa2, Vitor Arantes3, and Matheus Ramalho de Lima4, 
1Federal University of Paraiba, Areia, Paraiba, Brazil, 2Ajinomoto 
do Brazil, Sao Paulo, Brazil, 3Hy Line, Sao Paulo, Brazil, 4Federal 
University of South of Bahia, Teixeira de Freitas, Bahia, Brazil.

The aim was to evaluate the effect of varying the nutritional density, 
ME, CP, amino acids and minerals on the pullets W-36 on performance 
from 1 to 6 weeks of age. The treatments consisted of diets varying in 
nutrient density, with increases and decreases of 5 and 10% consider-
ing a basal diet (100%), totaling 5 treatments with 7 replicates with 13 
pullets each. It assessed the body weight (BW, g/pullet), body weight 
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gain (BWG, g/pullet), feed intake (FI, g/pullet) and feed conversion ratio 
(FCR, g/g). Data were submitted to ANOVA and polynomial regression 
for equations and Tukey’s test for better discussion of results, based on 
levels of nutrient density, 90, 95, 100, 105 and 110%. Feed intake was 
decreased linearly with increasing nutritional density (P < 0 .001; FI = 
−8.5411x + 1,895.7; R2 = 86.67). Meanwhile, the BWG was non-linear 
effect (P = 0.415), but a quadratic effect (P = 0.021; BWG = −0.2802x2 
+ 56 .348x–2,412 .1; R2 = 93.18) with maximum point in density 0.33% 
above the recommended . These effects in FI and BWG, promoted a FCR 
changed, improving with the increase of the linear nutritional density (P 
< 0.001; FCR = −0.0235x + 4.9122; R2 = 95 .67) . Although the higher 
nutritional density level (110%) has been the best FCR (2.372c), this 
effect was due to a reduced FI (933.121d) and BWG (393 .402c) . At the 
same time, treatment with higher nutritional density equaled to treatment 
with lower density in BWG (90% = 391.675c vs 110% = 393.402c), 
and to similar the treatment with 105% in the nutrient density in FCR 
(105% = 2.402c vs 110% = 2.372c). In the treatment with low nutritional 
density (90%) the pullets increased the FI (1110.055a) to regulate the 
consumption of nutrients but was not sufficient to improve the BWG 
(391 .675c), resulting in a worsening the FCR (2.835a) . The treatment 
recommended levels of nutrients in the diet (100%) had satisfactory 
performance, with FI (1085.242b), BWG (422 .055a) and FCR (2 .572b); 
however, treatment with 105% of nutrient density resulted in lower FI 
(1003 .165c) and a better FCR (2 .402c), and BWG statistically equal to 
the control treatment (105% = 417.841ab vs 100% = 422.055a) . Thus, 
it is recommended to increase the nutrient density by 5% for pullets 
from 1 to 6 wk of age.

Key Words: diet formulation, nutritional level, performance

392P   Nutritional density of diets effect on performance of 
Japanese quails from 1 to 42 d of age. Fernando Guilherme Perazzo 
Costa*1, Ana Paula Bernardino da Silva1, Sarah Gomes Pinheiro1, 
Danilo Teixeira Cavalcante1, Eduardo Terra Nogueira2, Gabriel B . 
Sandt Pessoa2, and Matheus Ramalho de Lima3, 1Federal University 
of Paraiba, Areia, Paraiba, Brazil, 2Ajinomoto do Brazil, Sao Paulo, 
Brazil, 3Federal of South of Bahia, Teixeira de Freitas, Bahia, Brazil.

The aim was to evaluate the effect of varying the nutritional density, in 
ME, CP, amino acids and minerals on the performance of Japanese quails 
from 1 to 42 d old . The treatments consisted of diets varying in nutrient 
density, with increases and decreases of 5 and 10% considering a basal 
diet (100% by Requirement Tables for Japanese and European Quails, 
Brazil), totaling 5 treatments with 8 replicates with 15 quails each. 
The Japanese quails, all females, were evaluated in feeding program 
in 2 stages, 1 to 21 and 22 to 42 d. It assessed the body weight (BW, g/
quail), body weight gain (BWG, g/quail), feed intake (FI, g/quail) and 
feed conversion ratio (FCR, g/g). Data were submitted to ANOVA and 
polynomial regression for equations, based on levels of nutrient density, 
90, 95, 100, 105 and 110%. From 1 to 21 d the birds had reduced per-
formance with a lower nutrient density of diets, especially in the body 
weight and BWG, with an effect in FCR (P < 0 .001) . The effect of the 
FCR can be explained by the compensatory effect in increased FI (P 
< 0.001) inversely proportional to the nutritional density. Meanwhile, 
at from 22 to 42 d of age, the cumulative effect proved to be present 
and associated with new diets that stage because the BW (P < 0 .001) 
and BWG (P < 0.001) were reduced with lower nutritional density, 

impairing FCR (P = 0 .001) . Although in the previous stage, from 1 to 
21 d, when the FI has been increased to regulate because the reducing 
nutritional density of diets, in the phase from 22 to 42 d do not have 
the same effect in this variable (FI, 22–42d, P = 0 .408), maybe because 
of a diet adaptation in nutritional density offered in this period . Thus, 
it is concluded that nutritional density influences the performance of 
Japanese quails from 1 to 21 and 22 to 42 d of age, recommended levels 
10% above recommended levels of Requirement Tables for Japanese 
and European Quails .

Key Words: diet formulation, nutrition efficiency, performance

393P   Interaction of dietary microalgae and trace mineral 
source in 14-day old broiler chicks. Megan M . Dudley1, Ryan S . 
Samuel1,2, Michael J . Ford2, Anthony J . Pescatore2, and Kristen M . 
Brennan*1,2, 1Center for Animal Nutrigenomics and Applied Animal 
Nutrition, Alltech Inc., Nicholasville, KY, 2Alltech-University of Ken-
tucky Nutrition Research Alliance, Lexington, KY.

Skeletal deformities affect up to 30% of poultry flocks and can lead 
to animal welfare concerns for the public and significant economic 
losses for producers. Previous research has shown that the addition 
of microalgae and the use of organic minerals can each improve bone 
strength in broilers. The objective of this study was to investigate the 
interaction of microalgae and organic trace minerals on bone breaking 
strength, plasma mineral levels and plasma osteocalcin levels in 14-d-old 
broiler chicks. One-day-old Cobb chicks (n = 480) were assigned one 
of 60 cages (8 chicks/cage) and fed diets resulting from a 2 × 3 factorial 
arrangement of 2 forms of trace minerals (MIN; inorganic and organic 
(Bioplex; Alltech Inc.) and 3 levels of microalgae (ALG; 0, 0.5, and 1% 
All-G-Rich; Alltech Inc .) . The inorganic trace mineral premix provided 
15 mg of Cu, 60 mg of Fe, 100 mg of Mn, and 100 mg of Zn per kg of 
diet. The trace mineral proteinate premix provided minerals at 25% of 
the levels of the inorganic premix. Ca and P levels were adequate in 
all diets. Birds fed organic trace minerals gained more body weight (P 
< 0.04) during the first and second weeks post-hatch. The interaction 
MIN × ALG indicated that organic trace minerals tended (P = 0 .09) to 
increase feed intake when chicks were fed diets without ALG. On d 
14, tibia, growth plate, and blood samples were collected. There was 
no effect of MIN, ALG or MIN × ALG on tibia breaking strength. At 
the 1% ALG inclusion level, bone Ca content tended to increase (P = 
0.08) when birds were fed organic MIN compared with inorganic. In 
the inorganic MIN treatments, matrilin-3 mRNA levels in growth plate 
were decreased (P < 0.05) in the 0.5 and 1% ALG treatments compared 
with 0%. There was no effect of ALG level on matrilin-3 mRNA in the 
organic MIN treatments. Inclusion of 0.5% ALG tended to improve (P 
= 0.06) plasma osteocalcin levels compared with 0% ALG regardless 
of MIN source . The increased levels of osteocalcin suggest more active 
bone remodeling of chicks fed diets with ALG. This study indicates 
that microalgae and organic trace minerals improvements on bone 
parameters are independent .

Key Words: microalgae, organic trace mineral, broiler, gene expres-
sion, bone

394P   Withdrawn
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395P   Evaluation of a rumen-protected lysine product post pel-
leting using broiler chick apparent ileal digestibility and perfor-
mance. Marissa A . Weissmann*UG, Misty R . Walsh, Kolby L . Foltz, 
and Joseph S . Moritz, West Virginia University, Morgantown, WV.

Rumen-protected lysine products may have opportunities for incorpora-
tion into broiler diets . Encapsulations that protect lysine from rumen 
degradation could influence digestibility post-pelleting in broilers. Five 
corn-soybean based diets were formulated to contain increasing levels 
of digestible lysine through increasing the inclusion of l-lysine HCl . 
These diets ranged from 0.99 to 1.3% calculated digestible lysine. In 
addition, a diet was formulated using the rumen-protected lysine product 
in a 1:1 substitution for the quantity of lysine HCl used to achieve 1.3% 
calculated digestible lysine . Diets that contained the rumen protected 
lysine product, as well as diets containing 0.99%, and 1.3% calculated 
digestible lysine included titanium dioxide as an indigestible marker . 
All diets were steam conditioned at 82°C, pelleted using a 4- × 45-mm 
die, crumbled, and fed to 8 replicates of 10 Hubbard × Cobb broiler 
chicks. Broiler chick performance was measured from d 0 to 21 and 
apparent ileal lysine digestibility and analyzed diet digestible lysine were 
determined on d 22. Data were statistically analyzed using a random-
ized complete block design. Regression analysis was performed and 
equations were generated to provide an alternative method to assess 
lysine digestibility of the rumen-protected lysine product . Apparent 
ileal digestibility and analyzed diet digestible were greatest for the 1.3% 
calculated digestible lysine treatment, lowest for the 0.99% calculated 
digestible lysine treatment, and intermediate for the rumen-protected 
lysine product treatment (P < 0 .05) . Among treatment replicates, the 
rumen-protected lysine product was calculated to contain a mean value 
of 24.3% digestible lysine ± 6.4% SD. Linear regression using live 
weight gain and feed conversion ratio produced equations that pre-
dicted 28.9 and 36.3% digestible lysine for the rumen-protected lysine 
product, respectively . The particular rumen-protected lysine product 
demonstrated broiler chick lysine digestibility between 24 and 36% 
post-pelleting. These data would assist nutritionists in diet formulation.

Key Words: rumen protected, lysine, pelleting, broiler, digestibility

396P   Modeling of nitrogen requirement and deposition of 
lysine for females Redbro broilers lineage. Karine Silva Camargo1, 
Carlos Bôa Viagem Rabello*1, Cláudio José de Oliveira Parro2, Levi 
Auto Lopes1, José Diógenes Pereira Neto1, Ana Carolina Ferreira dos 
Santos1, Rogério Ventura da Silva Junior1, Jéssica de Melo Bandeira1, 
Edney Pereira da Silva3, and Cláudia da Costa Lopes2, 1Universidade 
Federal Rural de Pernambuco, Recife, Pernambuco, Brazil., 2Univer-
sidade Federal de Sergipe, Aracaju, Sergipe, Brazil., 3Universidade 
Estadual Paulista, Campus de Jaboticabal, Jaboticabal, São Paulo, 
Brazil.

The objective of this study was to estimate the demand of nitrogen 
and the deposition of lysine to females of the Redbro broilers lineage 
(free-range chicken type). Nitrogen balance assay was carried out in 
late phase (72–91 d), with a 42 birds in totality. The birds were distrib-
uted in a completely randomized design, individually housed in cages 
(0.5 × 0.5 × 0.5 m) and subjected to 7 diets with increasing levels of 
nitrogen (N0 = 0, NI = 5, N2 = 10, N3 = 15, N4 = 20, N5 = 25 and N6 
= 30 kg/kg) and having the lysine as a limiting amino acid (the 20% 
limitation in relation to other amino acids) . The experiment lasted 15 d, 
being the first 5 d for adaptation and the other 10 d for total collection 

of excreta. Diets and excreta were analyzed for nitrogen content and 
quantified the intake and nitrogen excretion, then it was calculate the 
nitrogen retained. The nitrogen requirement for maintenance (NRM) 
it was obtained by the equation: RN = NRM × eb × IN; considering the 
retained (RN) and ingested nitrogen (IN) . Were used the theoretical 
maximum nitrogen retention (NRmaxT) and the NRM to determine the 
maximum potential for nitrogen retention [NR = NRmaxT × (1 − e–b × 

NI)]. To calculated the consumption of digestible lysine, was used the 
equation: b = [lnNRmaxT – ln (NRmaxT − NR)] / NI. The data were 
analyzed using the SAS statistical software using PROC NLIN procedure 
to adjust the exponential function and the method for adjusting the data 
set was Levenberg-Marquardt. Based on adjustments to the equations of 
Goettingen model, it was possible to estimate the nitrogen requirement 
for maintenance (138 mg/BW0 .67), the maximum theoretical nitrogen 
retention (1,846 mg/BW0 .67), the maximum potential nitrogen retention 
(1,984 mg/BW0 .67) and the consumption of digestible lysine (725 mg/
BW0 .67), whereas 60% of NDmaxT.

Key Words: amino acid, free range chickens, exponential, 
metabolism

397P   Determining the optimum dietary amino acid ratios 
for females of the Redbro broiler lineage. Carlos Bôa Viagem 
Rabello*1, Everton Barbosa de Lima1, Rafaella Ingrid Omena de 
Abreu1, Jéssica de Melo Bandeira1, Cláudio José de Oliveira Parro2, 
Cláudia da Costa Lopes2, Edney Pereira da Silva3, and Guilherme 
Rodrigues do Nascimento1, 1Universidade Federal Rural de Pernam-
buco, Recife, Pernambuco, Brazil, 2Universidade Federal de Sergipe, 
Aracaju, Sergipe, Brazil, 3Universidade Estadual Paulista, Campus 
de Jaboticabal, Jaboticabal, São Paulo, Brazil.

The research had the objective of re-evaluate the assumptions 
of ideal ratios between the essential amino acid: lysine (Lys), 
methionine+cysteine (Met+Cys), threonine (Thr), Tryptophan (Trp), 
Arginine (Arg) and Valine (Val) using the amino acid dilution and 
nitrogen balance methods . Forty-nine female broilers, of the free-range 
genotype Redbro, were housed in metabolic cages for assessment of 
individual N balance and AA efficiency in 3 periods (I: 14 to 28 d old, 
II: 42 to 56 d old, and III: 70 to 84 d old). The birds were distributed 
in a completely randomized design, 7 treatments and 7 replicates . The 
treatments consisted of 6 diets formulated using the technique of dele-
tion being, a positive control diet and other, negative control; deficient 
in their respective amino acid tested . The experiment lasted 15 d in the 
3 tests, being the first 5 d for adaptation and the other 10 d for total 
collection of excreta. Diets and excreta were analyzed for nitrogen 
content and quantified the intake and nitrogen excretion, then it was 
calculate the nitrogen retained. Based on adjustments to the equations 
of Goettingen model used the NRmaxT (theoretical maximum N reten-
tion) estimated in a previous study and used in the equation (2758, 
1743 and 1849 mg N/BWkg0 .67, respective phases) . The ideal ratio of 
amino acids was calculated by the ratio between the efficiency of use 
of lysine as a reference and efficiency of use of observed amino acid 
(b = [lnNRmaxT – ln(NRmaxT – NR)]/NI), retained (NR) and ingested 
nitrogen (IN). The relationship between lysine efficiency (reference) 
and the efficiency of the AA under study is utilized to derive ideal AA 
ratios IAAR = [bLIS/bAA]. Based on observed AA efficiency data, the 
optimum ratios determined by N balance are: Lys 100, Met+Cys 76, Thr 
68, Trp 17, Arg 111 and Val 83 (14 to 28 d-old); Lys 100, Met+Cys 67, 
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Thr 67, Trp 18, Arg109 and Val 76 (42 to 56 d-old); Lys 100, Met+Cys 
48, Thr 68, Trp 20, Arg 126 and Val 83 (70 to 84 d-old) .

Key Words: amino acid, lysine, nitrogen balance, requirement, 
broiler

398P   Levels of crude protein and amino acids supplementa-
tion in diets for broilers. Luiz Carlos Lemos Camello1, Carlos Bôa 
Viagem Rabello*1, Guilherme Rodrigues do Nascimento1, Cláudio 
José de Oliveira Parro2, Izaura Maria Lorena Rezende1, Cláudia da 
Costa Lopes2, Marcos José Batista dos Santos3, and Fernando Guil-
herme Perazzo Costa4, 1Universidade Federal Rural de Pernambuco, 
Recife, Pernambuco, Brazil, 2Universidade Federal de Sergipe, Ara-
caju, Sergipe, Brazil, 3Universidade Estadual Paulista, Campus de 
Jaboticabal, Jaboticabal, São Paulo, Brazil, 4Universidade Federal 
da Paraíba – Campus de Areia, Areia, Paraíba, Brazil.

An experiment was conducted to determine the level of crude protein for 
broilers, males, from 11 to 21 d of age. The birds were distributed in a 
completely randomized design with 6 treatments and 6 replications and 
20 birds per experimental unit. The experimental diets were formulated 
based on corn and soybean meal, diet control and 5 other treatments 
with 3 levels below and 2 levels above the requirements, supplemented 
with synthetic amino acids, The treatments consisted of 6 experimental 
rations containing varying levels of crude protein and supplemented 
with methionine, lysine, threonine, tryptophan, arginine, valine and 
isoleucine, being (T1 18.2%; T2 19.2%; T3 20.2%; T4 21.2%; T5 22.2% 
and T6 23.2% of crude protein). The parameters of the performance 
evaluated were: weight gain, feed intake, feed conversion ratio, body 
weight gain and, carcass yield were carcass yield, chest, back, thigh, 
drumstick, wings, abdominal fat, heart, liver and gizzard. The inges-
tion, excretion and nitrogen balance and coefficient of digestibility of 
dry matter and crude protein were determined for partial collection of 
excreta for 2 d, using Celite as indicator (concentration of 0.5%) in the 
diets . the ingested nitrogen, nitrogen excreted and the balance of nitro-
gen, increased as a function of increased levels of protein diets tested; 
there was no effect of diet on digestibility coefficients of dry matter and 
crude protein. No significant differences were found for the performance 
and carcass yields and cuts, with the exception of the weight of the liver 
that showed quadratic effect. We concluded that, for broilers from 11 
to 21 d of age, the recommended level of crude protein 18.2% because 
diets are supplementsed with synthetic amino acids.

Key Words: amino acid, broiler, nitrogen balance, performance

399P   Determination of dietary methionine requirement of 
male Korean native ducks for 21 days after hatch. Samiru S . 
Wickramasuriya*SC, Jaehong Yoo, Taeg Kyun Shin, Eunjoo Kim, 
Nuri Kim, Soo Kee Lee, and Jung Min Heo, Department of Animal 
Science and Biotechnology, Chungnam National University, Daejeon, 
South Korea.

A dose-response experiment was conducted to determine the dietary 
methionine requirement of Korean native ducklings for hatch to 21 d 
of age. A total of 336 one-day-old male Korean native ducklings were 
randomly allotted to 42 pens in a completely randomized design having 
7 dietary treatments (6 replicates per treatment and 8 ducklings per pen) . 
A wheat/corn and soybean meal-based experimental diets were formu-
lated to meet the NRC (1994) nutrient specifications, except dietary 
methionine. Ducklings were offered their respective dietary treatment 
on an ad libitum basis for the period of study. Body weight and feed 
intake were measured weekly to calculate feed conversion ratio. One 

duckling per pen (n = 6) were euthanized via cervical dislocation to 
weigh empty body and drumsticks at the conclusion of experiment. 
Methionine requirement for Korean native ducklings for hatch to 21 d 
of age were estimated to be 0.40, 0.38, 0.38 and 0.38% for maximum 
body weight, daily gain, daily feed intake, and for the minimum feed 
conversion ratio with fitting the data to both a linear- and quadratic-
plateau-model, respectively .

Key Words: Korean native duckling, methionine, linear-plateau 
model, quadratic-plateau model

400P   The effect of low protein and low protein-crystalline 
amino acid supplemented diets on the growth and development 
of two strains of broilers: Part I—Growth performance. Jose W . 
Charal*, Chaoyang Li, Andrea Rubio, Kenneth W . McMillin, and 
Theresia Lavergne, LSU Agricultural Center, Baton Rouge, LA.

The objective of this research was to determine the effect of low protein 
and low protein-crystalline amino acid supplemented diets on the growth 
and development of 2 strains of broilers . On d 0 of age, 900 Ross 708 
broilers and 900 Cobb 500 broilers were allotted to 1 of 3 dietary treat-
ments: (1) positive control (PC), (2) low crude protein (LP), and (3) LP 
+ crystalline amino acids (LP+AA). There were 10 replicates for each 
treatment with 30 broilers per pen. A 3 phase feeding program was used. 
The PC and LP+AA diets were formulated to contain 1.43, 1.24, and 
1.09% total Lys for the starter, grower, and finisher phases, respectively. 
LP was formulated to contain 1.03, 0.84, and 0.69% total Lys for the 
starter, grower, and finisher phases, respectively. Feed and water were 
provided ad-libitum. Broilers and feed were weighed at the beginning 
and end of each phase . During the starter phase, Ross 708 broilers had 
greater (P < 0.05) ADG than Cobb 500 broilers. For the grower, finisher, 
and overall trial Cobb 500 broilers had higher (P < 0 .01) ADG and ADFI 
than Ross 708 broilers. Overall G:F was lower for Ross 708 broilers (P 
< 0.01). Compared with broilers fed PC, LP fed broilers had the lowest 
(P < 0 .05), and LP+AA fed broilers had intermediate, ADFI and ADG 
during the starter and grower phases. There were interactions of strain 
x dietary treatment for ADG and ADFI during the finisher phase and 
overall trial. Ross 708 broilers had similar or higher ADFI when fed PC 
or LP diet; however, Cobb 500 broilers had higher ADFI when fed LP 
or LP+AA diet (P < 0.05). A similar response was observed for ADG 
of Ross 708 broilers. G:F was higher for Cobb 500 broilers fed LP or 
LP+AA diet than for Ross 708 broilers (P < 0 .05) . Overall, broilers fed 
LP had reduced growth performance. Although adding crystalline amino 
acids to the LP diet improved growth performance, growth performance 
was still reduced compared with broilers fed PC diet. Ross 708 and Cobb 
500 broilers responded differently to LP and LP+AA diet .

Key Words: low crude protein, crystalline amino acid, broiler, aver-
age daily feed intake, average daily gain

401P   The effect of low protein and low protein-crystalline 
amino acid supplemented diets on the growth and development 
of two strains of broilers: Part 2—Development. Chaoyang Li*SC, 
Jose W . Charal, Andrea Rubio, Kenneth W . McMillin, and Theresia 
Lavergne, LSU Agricultural Center, Baton Rouge, LA.

This research was conducted to determine the effect of low protein and 
low protein-crystalline amino acid supplemented diets on the growth 
and development of 2 strains of broilers . On d 0 of age, 900 Ross 708 
and 900 Cobb 500 broilers were allotted to 1 of 3 dietary treatments: (1) 
positive control (PC), (2) low crude protein (LP), or (3) LP + crystalline 
amino acids (LP+AA). There were 10 replicates for each treatment with 
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30 broilers per pen. A 3 phase feeding program was used. Feed and water 
were provided ad libitum. On d 12, 19, 26, 33, 40, 47, and 54, 2 birds 
per pen were randomly selected and euthanized for dissection. Broilers 
fed the LP diet had heavier livers during the starter and grower phases, 
and smaller pectoralis during the grower phase (P < 0 .05) . During the 
finisher phase, PC fed broilers had lighter bones (tibia and femur), but 
heavier pectoralis and quadriceps than broiler fed the other diets. LP fed 
broilers had the lightest pectoralis (P < 0 .05) . Allometric ratios of liver 
and pectoralis to BW were consistently higher and lower, respectively, 
for broilers fed LP than for broilers fed PC. These ratios were similar 
for broilers fed LP+AA or PC during the starter and grower phases, but 
they were similar or lower than for broilers fed LP during the finisher 
phase (P < 0.05). Bone (femur and tibia) to BW ratios were higher for 
broilers fed LP or LP+AA than for broilers fed PC during the last 2 
weeks of the trial (P < 0.05). Fat to BW ratio was higher in broilers fed 
LP than for broilers fed PC or LP+AA diets (P < 0 .05) . Heart and liver 
to pectoralis ratios were higher for broilers fed LP than for broilers fed 
PC or LP+AA during the starter and grower phases; however, during 
the finisher phase, LP fed broilers had the highest ratios (P < 0 .05) . 
Heart and liver to quadriceps ratios were higher for LP fed broilers than 
for PC or LP+AA fed broilers . These results suggest that broilers fed 
LP had reduced growth performance and changed organ weights and 
organ:muscle or organ:bone ratios .

Key Words: low crude protein, amino acid, broiler, organ weight, 
body composition

402P   Evaluating the effect of dietary calcium levels on ileal 
endogenous amino acid losses and standardized ileal amino 
acid digestibility in laying hen. Sunday Adedokun*1, Anthony J . 
Pescatore1, Michael J . Ford1, Jacqueline P. Jacob1, and Tuoying Ao2, 
1Department of Animal and Food Sciences, University of Kentucky, 
Lexington KY, 2Alltech Inc., Catnip Pike, Nicholasville, KY.

Available information shows that standardized ileal amino acid digest-
ibility (SIAAD) values of laying hen (LH) are generally lower com-
pared with broilers (BR). One question that arises is whether this low 
digestibility could be due to low calcium (Ca) level in the diets used 
to estimate ileal endogenous AA losses (IEAAL) and SIAAD values . 
Based on this, the objective of this study was to evaluate the effect 
of adequate (3.2%) and low (1.0%) dietary Ca levels on IEAAL and 
SIAAD in LH fed nitrogen-free diet (NFD) and distillers dried grains 
with solubles (DDGS)-based diets, respectively. A total of 288 Hy-line 
W36 hens (70 wk in lay) were used in this study. All hens had access 
to feed and water on an ad libitum basis and the experimental diets 
were fed for 5 d. This study was conducted as a completely randomized 
design (CRD) with 12 replicate cages of 6 birds/replicate. IEAAL and 
apparent ileal digestibility (AID) values for AA were analyzed using 
the GLM procedure of SAS appropriate for a CRD while the SIAAD 
values were analyzed using the GLM procedure of SAS appropriate 
for a 2 × 2 factorial arrangement of treatments. Although, NFD with 
low Ca resulted in higher IEAAL (37%-points), there was no effect of 
dietary Ca on IEAAL (P > 0.05). AID for AA was higher (P < 0 .05) 
in 13 of the AA evaluated (except Arg, Leu, Lys, Met, and Tyr) for the 
DDGS diet with high Ca level. Correction with low Ca NFD resulted in 
higher (P < 0 .05) SIAAD values for all the AA evaluated . Interaction (P 
< 0.05) between diet Ca and correction method was observed for Thr, 
Asp, Gly, and Ser with LH fed low Ca DDGS diet and correction using 
IEAAL from LH fed low Ca DDGS and LH fed high Ca DDGS diet 
and correction by low Ca NFD resulting in higher (P < 0 .05) SIAAD . 
Results from this study showed that adequate level of dietary Ca reduced 
IEAAL (by 37%-points) but increased AID of AA. Standardization of 

AID of AA either from low or high Ca DDGS diets with low Ca IEAAL 
resulted in higher SIAAD .

Key Words: amino acid, apparent ileal digestibility, endogenous 
amino acid loss, laying hen, standardized digestibility

403P   Effect of arginine and guanidinoacetic acid supplementa-
tion on performance, gut health and internal organs weight of 
male broiler chickens. Nima Khodambashi Emami*SC1,2, Abol-
ghasem Golian1, Douglas D . Rhoads2, and Mohsen Danesh Mesga-
ran1, 1Ferdowsi University of Mashhad, Mashhad, Iran, 2University 
of Arkansas, Fayetteville, AR.

Chickens are not capable of synthesizing l-arginine (ARG), which is 
the fifth limiting amino acid, and is highly demanded by enterocytes. 
Thus, ARG supplementation might affect gut health and performance . 
There are also reports that guanidinoacetic acid (GAA), an intermedi-
ate metabolite in the synthesis of creatine from ARG, has ARG-sparing 
effects in the body. Therefore, this study aimed to determine whether 
supplementation of ARG and GAA could improve performance and 
gut health of male broiler chickens . In this experiment, a total number 
of 450 Ross 308 broiler chickens were allocated to 5 treatments with 6 
replicates and 15 birds/replicate. Treatments were (1) non-supplemented 
diet (control); (2) diet supplemented with 0.60 kg/ton GAA (GAA1); (3) 
diet supplemented with 1.20 kg/ton GAA (GAA2); (4) diet supplemented 
with 0.86 kg/ton ARG (ARG1); (5) diet supplemented with 1.72 kg/
ton ARG (ARG2). Data showed that GAA2 significantly decreased (P 
= 0.0043) daily feed intake compared with all other treatments except 
ARG2. In addition, GAA2 significantly decreased (P = 0 .0113) aver-
age daily gain (ADG) throughout the experimental period (0–35 d), 
compared with control and ARG1. None of the treatments affected feed 
conversion ratio. Gut morphology data showed that none of the treat-
ments had any significant effect on villus height, villus width, and villus 
surface area at 35 d of age . Broilers that had access to ARG2 diet had 
significantly lower (P = 0.0184) relative bursa weight compared with 
control and GAA1, but carcass weight was not affected by any of the 
dietary treatments. These data showed that supplementation of ARG or 
GAA to the diets that are balanced based on Ross 308 recommendations 
might not be an effective measure for improving performance and gut 
health of broiler chickens .

Key Words: arginine, guanidinoacetic acid, performance, gut health, 
organ weight

404P   Effects of α-galactosidase on amino acid digestibility in 
broiler chickens. Rocky Latham*1, Austin T . Jasek1, Ray Poure-
slami2, and Jason T . Lee1, 1Texas AgriLife Research, College Station, 
TX, 2Kerry Inc., Beloit, WI.

Enzymatic supplementation including α-galactosidase increases meta-
bolically available energy although little information has been published 
investigating the effect on amino acid digestibility . Therefore, an 
experiment was conducted to investigate the effect of α-galactosidase 
on amino acid digestibility in male broiler chicks. The experiment was 
a 2 × 2 (diet × enzyme) factorial arrangement study including 4 treat-
ment groups with 15 replicates of 8 male broilers per replicate for a 21-d 
battery experiment . The 2 dietary treatments included a positive control 
(PC) diet and a negative control (NC) diet, which was formulated to 
contain 2.5% less AME and available amino acids as compared with the 
PC diet. Each of these diets were fed with and without α-galactosidase. 
Broilers were fed a starter diet from 0 to 14 d (crumble) and a grower diet 
from 14 to 21 (pellet). Ileal digesta were sampled on d 21 to determine 
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amino acid digestibility. Titanium dioxide was used as an indigest-
ible marker for the determination of digestibility coefficients. Total 
amino acid digestibility was increased (P = 0.008) by 3.80% with the 
inclusion of α-galactosidase. Methionine and lysine digestibility were 
improved (P < 0.05) with the inclusion of α-galactosidase by 3.37 and 
2.61%, respectively. Inclusion α-galactosidase increased (P = 0 .001) 
cysteine digestibility by 9.3%. Diet influenced amino acid digestibility 
with tryptophan, threonine, isoleucine, and valine digestibility being 
increased (P < 0.05) in the PC when compared with the NC. These data 
support the benefits of α-galactosidase inclusion to improve amino acid 
digestibility across multiple dietary nutrient profiles.

Key Words: α-galactosidase, amino acid digestibility

405P   Effects of supplemental glutamine on growth perfor-
mance of broiler chickens fed diets containing varying concentra-
tions of lysine. Samuel Nahashon*, Ali Alsogair, Boniface Kimathi, 
Collins Khwatenge, and Sarayu Boghoju, Department of Agricultural 
and Environmental Sciences, Tennessee State University, Nashville, 
TN.

Lysine is the second most limiting amino acid in poultry feeding 
whereas glutamine, a non-essential amino acid, is associated with lysine 
catabolism through the saccharopine-dependent pathway. However, the 
synergistic effect of dietary lysine and glutamine on growth performance 
of broiler chickens is not fully understood . The effect of varying dietary 
concentrations of lysine and glutamine on growth performance of broiler 
chickens was evaluated. In a 3 × 4 factorial arrangement of dietary treat-
ments, day-old broiler chicks (180) were randomly assigned to corn-soy 
based dietary treatments comprising 3 concentrations of lysine (0 .85, 
1.14, and 1.42%) each in combination with 4 concentrations of glutamine 
(0, 1, 2, and 3%). The diets comprised 3,100 kcal ME/kg and 23% CP 
at 0–4 wk of age (WOA) and 3,200 kcal ME/kg and 21% CP at 5–8 
WOA. Each dietary treatment was replicated 3 times with 5 birds per 
replicate. Each replicate was housed in 99 × 66 × 25 cm battery cages 
and received feed and water ad libitum and a 23-h light regimen. The 
experimental birds were evaluated for body weight gain (BWG), feed 
consumption (FC) and feed conversion ratio (FCR) . Broilers fed diets 
containing1.42% lysine and 1% glutamine had the highest BWG and FC 
when compared with other dietary treatments. On the other hand, mean 
FCR was significantly lower (P < 0 .05) in birds fed diets contain the 1 .14 
and 1.42% each supplemented with 1% glutamine. Therefore, supple-
menting broiler diets with up to 1% glutamine significantly improved 
performance of broilers fed diets containing 1.1 to 1.42% lysine.

Key Words: broiler chicken, lysine, glutamine, bird performance

406P   Digestible dietary arginine requirements for 7- to 21-day-
old male turkeys. Joao Ferreira* and Jeffre Firman, University of 
Missouri, Columbia, MO.

The effects of dietary levels of digestible arginine on performance of 7- to 
21-d old male turkeys were evaluated. The experiment was conducted as 
a complete randomized design, having 216 birds randomly assigned to 1 
of 9 dietary treatments, each with 6 replicates and 4 poults per replicate. 
Treatments comprised 1.00, 1.12, 1.24, 1.36, 1.48, 1.60, 1.72, and 1.84% 
of digestible arginine in the diet, and a positive control that supplied 
100% of NRC requirements for digestible arginine, being 1.60%. The 
MIXED procedure of SAS was used to evaluate the effects of treatment 
on average feed intake, final average body weight, average weight gain, 
and feed conversion ratio. Orthogonal contrasts were used to evaluate 
curve trends, as linear, quadratic, and cubic responses. Performance vari-

ables were not different between control and treated groups; therefore, 
we assumed no issues with diet formulation. Average feed intake did 
not differ between feeding levels of arginine. However, an increasing 
linear response was found for final average body weight and average 
weight gain, and decreasing linear response for feed conversion ratio 
(P < 0.05). The diet containing 1.84% of digestible arginine showed to 
be the most appropriate dietary level of digestible arginine, improving 
production performance of animals . Although, further investigation 
is necessary to better refine the requirements of digestible arginine to 
young male turkeys .

Key Words: arginine, digestible amino acid, performance

407P   Estimation of apparent ileal digestibility of amino acids 
and endogenous losses in broilers fed cereals: A meta-analysis. 
Hector H . Salgado* and Marie-Pierre Létourneau-Montminy, Laval 
University, Quebec, QC, Canada.

Cereals are the main ingredients in broiler diet . They are generally rich 
in energy but, due to their high incorporation rate, they also contribute to 
the total protein in the diet . In broiler, digestibility of amino acids (AA) 
has been commonly reported as apparent ileal digestibility (AID) . The 
objective of this study was to estimate apparent digestible AA (AAdig, 
g/kg diet) of the main cereals used in broiler diets based on their dietary 
crude protein (CP, %) and total AA (AAt, g/kg diet), relationship in 
which the intercept represent total endogenous losses. A meta-analysis 
was performed using a database included 16 experiments totalizing 46 
treatments published from 1999 to 2013 and reporting values of AID, 
CP and AA content in cereals in broilers . Models take into account 
experiment and cereal (corn, sorghum, wheat and barley) as fixed effect 
and CP or amino acids as independent variables. Results showed that 
for most AA, including the experiment in the model did not improve 
the accuracy of prediction . The prediction of AAdig based on CP is 
accurate with R2 varying from 62% for Met to 97% for Ala. The slope 
is similar between cereals except for Lys, Glu and Ser; in Lys corn and 
sorghum did not respond to CP compared with wheat (0.022, P < 0 .05) 
and barley (0 .024, P < 0.05) while for Glu and Ser only wheat responded 
to CP (respectively, 0 .33 and 0 .061, P < 0 .05) . Models predicting AAdig 
based on dietary AA showed a similar slope between cereals for all 
AA. It also showed higher R2 varying from 83% for Thr to 99% for 
Glu. Higher intercept values were systematically obtained for barley 
indicating higher endogenous losses . This is probably due to its high 
fiber content compared with the other cereals. Moreover, intercept are 
higher for Glu, Leu, Ser, Thr, and Asp, which have been reported to be 
the predominant AA found in the ileal digesta . In conclusion, CP can 
be used as predictor of AAdig in wheat and barley but, as expected, 
dietary AA is a better predictor and allows studying endogenous losses.

Key Words: amino acid, digestibility, broiler, meta-analysis, cereal

408P   Levels of dTrp on performance of white layers from 46 
to 69 weeks of age. Fernando Guilherme Perazzo Costa*1, Fernanda 
Alice Santos Parizio1, Sarah Gomes Pinheiro1, Leonilson da Silva 
Dantas1, Lavosier Enéas Cavalcante1, José Gomes Vidal Junior1, 
Gabriel F . L . Cruz1, Eduardo Terra Nogueira2, Gabriel Bruno Sandt 
Pessoa2, Vitor Arantes3, and Matheus Ramalho de Lima4, 1Federal 
University of Paraiba, Areia, Paraiba, Brazil, 2Ajinomoto do Brazil, 
Sao Paulo, Brazil, 3Hy Line, Sao Paulo, Brazil, 4Federal University 
of South of Bahia, Teixeira de Freitas, Bahia, Brazil.

Tryptophan competes for the site of absorption at the blood brain bar-
rier with branched-chain AA (BCAA), and suggests that reducing the 
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absorption of tryptophan associated with excess of BCAA may play an 
important role in reducing feed intake. The objective was to evaluate 
the effect of digestible tryptophan increase, by changing the relation-
ship dTrp:dVal and dTrp:dIle on the W-36 from 46 to 69 w of age. 
The treatments were distributed in a completely randomized design 
with 4 levels of dTrp (0.160, 0.222, 0.280, and 0.340% dTrp) keeping 
dVal:dLys 90 and dIle: dLys 78, with 8 replicates of 10 birds each. The 
diets were formulated with 15.5% CP and 2844 kcal/kg of ME. The 
experimental period was 168 d, divided into 6 cycles of 28 d each. Were 
evaluated feed intake data (FI, g/hen/d), egg production (EP, %/hen/d), 
egg weight (EW, g/egg), egg mass (EM, g/egg), egg mass conversion 
(EMC, g/g), and feed conversion per dozen eggs (FCDE, kg/dozen). 
Data were submitted to ANOVA and polynomial regression, based on 
levels of dTrp . Egg production (P = 0.006; EP = −236.528129dTrp2 + 
118 .754248dTrp + 68 .058932; R2 = 95 .17), egg mass (P = 0 .04; EM 
= −115.378040dTrp2 + 55 .881971dTrp + 45 .586246; R2 = 84 .90), egg 
mass conversion P = 0 .006; EMC = 3 .533145dTrp2 − 1.770341 dTrp + 
1 .427429; R2 = 95 .28) and feed conversion per dozen eggs (P = 0 .01; 
FCDE = 5 .042887dTrp2 − 2.490701dTrp + 1.615150; R2 = 96.86) were 
influenced by digestible dTrp, where the optimal levels estimated by 
the equations were, respectively, 0.251, 0.242, 0.251 and 0.240% dTrp. 
The dTrp levels correspond to dTrp:dVal+dIle ratios 19, 19, 19 and 18, 
respectively for EP, EM, EMC, FCDE . Feed intake (P = 0 .731) and 
egg weight (P = 0.6855) were not affected by dTrp levels. It recom-
mended a diet with 0.251% or 228mg/d dTrp, which corresponds to a 
dTrp:dVal+dIle 19 to laying hen from 46 to 96 w of age.

Key Words: amino acid, old layer, performance

409P   Levels of dVal to white layers from 69 to 87 weeks of age. 
Fernando Guilherme Perazzo Costa*1, Cristina Aparecida Barbosa 
de Lima1, Matheus Ramalho de Lima2, Eduardo Terra Nogueira3, 
Gabriel Bruno Sandt Pessoa3, Vitor Arantes4, Danilo Teixeira Caval-
cante1, and Sarah Gomes Pinheiro1, 1Federal University of Paraiba, 
Areia, Paraiba, Brazil, 2Federal University of South of Bahia, 
Teixeira de Freitas, Bahia, Brazil, 3Ajinomoto do Brazil, Sao Paulo, 
Brazil, 4Hy Line, São Paulo, Brazil.

The demand for assessment of the nutritional requirements of laying 
hens is required at all stages of productive life. For each stage, the 
amino acid requirements are different, especially in older hens. The 
objective was to evaluate the requirement of dVal for W-36 hens from 
69 to 87 w of age. Treatments corresponded to 6 increasing levels of 
dVal (0.49, 0.55, 0.61, 0.67, 0.73 and 0.79%), so that the level to 0.61% 
dVal is recommended by the manual strain . The treatments design in a 
completely randomized design, with 6 treatments with 7 replicates of 
10 birds each. Were evaluated feed intake data (FI, g/hen/d), egg pro-
duction (EP, %/hen/d), egg weight (EW, g/egg), egg mass (EM, g/egg), 
egg mass conversion (EMC, g/g), and feed conversion per dozen eggs 
(FCDE, kg/dozen). Data were submitted to ANOVA and polynomial 
regression, based on levels of dVal. They had quadratic effect EP (P = 
0.038; EP = −50.186dVal2 + 63 .934dVal + 55 .096; R2 = 98 .1), EW (P < 
0.001; EW = −36.853dVal2 + 47 .945dVal + 49 .999; R2 = 98 .0), EM (P 
= 0.002; EM = −60.271dVal2 + 77 .523dVal + 24 .564; R2 = 98 .5), EMC 
(P = 0 .001; EMC = 2 .9828dVal2 – 3 .7946dVal + 3 .2413; R2 = 94 .3) 
and FCDE (P = 0 .016; FCDE = 1 .4112dVal2 – 1 .7687dVal + 2 .1552; 
R2 = 91.1), with optimal levels of dVal 0.64, 0.65, 0.64, 0.64, and 0.63, 
respectively. Feed intake was not affected (P = 0 .084) . It is concluded 
that a diet with 0.64% dVal, or a daily intake of 646 mg/hen, enables 
better production rates in laying W-36 from 69 to 87 wk of age.

Key Words: amino acid, old layer, performance

410P   Digestible amino acid ratios for starting and finishing 
male market turkeys. Sally L . Noll*1, Zhirong Jiang2, and Paul 
B . Tillman3, 1University of Minnesota, St. Paul, MN, 2Ajinomoto 
Heartland, Chicago, IL, 3Poultry Technical Nutrition Services LLC, 
Buford, GA.

Recommended amino acid ratios (R) vary for turkeys . Having the appro-
priate R is needed to effectively and accurately formulate turkey diets . 
The objective of the studies was to survey a range in R (digestible basis) 
in market turkeys for total sulfur amino acids (TSAA), threonine (Thr), 
arginine (Arg) and valine (Val) and the effect on turkey performance . 
Male Hybrid Converter turkeys were fed diets varying in R during 0 to 
4 and 16 to 19 wk of age. Digestible Lys (dLys) was lowered in com-
parison to determined requirements to keep Lys from being in excess. 
Supplemental amino acid use included Met, Lys, Thr, Arg, Val, and 
isoleucine to achieve different R; and, glutamic acid to achieve similar 
CP concentration. For 0 to 4 wks, the control (C) contained 1.63% dLys 
and R of 0.65 TSAA, 0.6 Thr, 1.06 Arg, and 0.69 Val. For 16 to 19 wk, 
C contained 0.91% dLys and R of 0.76 TSAA, 0.64 Thr, 1.06 Arg, and 
0.75 Val. For the test diets, R for an individual amino acid was decreased 
or increased by 5 points. Each diet (mash form) was fed to 10 replicate 
pens. Turkeys were weighed at the beginning and end of each feeding 
period along with feed disappearance. At 19 wk of age, one turkey per 
pen was removed and processed to obtain carcass and parts yield. The 
experimental design was CRBD and ANOVA was used to determine 
treatment effect. For the 0 to 4 wk study, a treatment effect was obtained 
for ADG (P < 0.03). For the 16 to 19 wk study, treatment affected ADG 
(P < 0.05), feed efficiency (P < 0 .10), and yield of drum and thigh (P < 
0.05). For poults, the lower R of Arg (1.01) resulted in decreased gain 
in comparison to C. For older turkeys, gain and feed efficiency were 
poorer with the feeding of the lower R for Val (0.7). Yield of drum was 
decreased with an R of 0.59 Thr or 0.8 Val. An R of 1.01 for Arg in poult 
diets and an R of 0.7 for Val in finishing turkey diets was insufficient to 
support performance similar to C. No negative effect was observed by 
reducing the R of TSAA from C. Performance was not improved with 
the use of higher R of TSAA, Thr, Val, or Arg indicating the ratio of 
these amino acids relative to dLys in C was adequate.

Key Words: turkey, lysine, amino acid ratio

411P   Withdrawn

412P   Optimal in-feed amino acid ratio for broiler breeder hens 
based on deletion studies. J . C . P . Dorigam, Nilva K . Sakomura*, 
Leticia Soares, Miryelle F . Sarcinelli, and Camila A . Gonçalves, 
Faculdade de Ciências Agrárias e Veterinárias–UNESP, Jaboticabal, 
São Paulo, Brazil.

Optimal ideal amino acid ratio (IAAR) for breeder hens is needed for 
maximum nitrogen retention (NR) taking into account the nitrogen 
deposition in body (NDB), feathers (NDF) and nitrogen in the egg 
mass (NEM) to minimize nitrogen excretion and improve dietary 
protein efficiency. Thus, the aim was to apply the deletion method to 
derive an IAAR for broiler breeder hens . The nitrogen balance trials 
were performed from 31 to 35 wk and 46 to 50 wk. Twelve treatments 
with 8 replicates and 1 hen per cage were used. A balanced diet (BD) 
was formulated to strictly meet the IAAR and the requirement of other 
nutrients. The limiting diets were formulated diluting BD with corn 
starch and refilled with crystalline amino acids (AA) and other feed 
ingredients, except for the AA under study . Each feeding trial lasted 25 
d. Feather losses, egg production and egg weight were recorded daily 
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and the samples were stored to further determine NEM and nitrogen 
in feather losses (NDFL), respectively . At the start and the end of each 
period, a group of breeder were slaughtered to further determine NDB 
and NDF. NR was calculated as the sum of NDB, NDF, NDFL, NEM 
and the N maintenance requirement (NMR = 255 mg/BWkg

0 .67 per 
day). NDF and NDFL represented less than 1% of the total NR. The 
greatest proportion of total NR is found in the NDB . During peak pro-
duction, the contribution of the NEM in the total NR is approximately 
31% greater than that for NMR and from 46 to 50wks the contribution 
of the NMR becomes approximately 34% higher than for NEM. The 
percentage reduction in NR resulting from the individual AA deletions 

relative to BD and the percent of the AA to delete from the BD were 
used to calculate the AA requirement. The relation between the AA:Lys 
requirements provided an average IAAR of Lys = 100, Met+Cys = 86, 
Trp = 23, Thr = 80, Arg = 113, Val = 90, Ile = 91, Leu = 133, Phe+Tyr 
= 108, Gly+Ser = 94 and His = 35. The IAAR was in the line with the 
recommendation from the literature, validating deletion method with 
the advantages from a rapid and low-cost procedure. The correction in 
the NR values decreased the variability in the results and enabled more 
consistent estimates than in previous studies .

Key Words: egg mass, deletion method, nitrogen retention
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413P   Effects of increasing phytase levels on male broiler 
performance and tibia bone ash in corn-soy diets. Hunter G . 
Walters*SC,1, Cody A . Flores1, Mike Coelho2, Peter Ader3, and Jason 
T . Lee1, 1Poultry Science Department, Texas A&M AgriLife Research, 
College Station, TX, 2BASF Corporation, Florham Park, NJ, 3BASF 
SE, Lampertheim, Germany.

The objective of the study was to evaluate the impact of increasing levels 
of a bacterial 6-phytase (Natuphos E) . The experimental design consisted 
of 7 dietary treatments with three acting as controls for the development 
of linear regression equations for the calculation of phosphorus equiva-
lence values for the remaining four treatments with increasing amounts 
of phytase (100, 250, 500, and 750 FTU/kg).  The positive control 2 
(PC2) diet had calculated non-phytate phosphorus (nPP) levels (g/kg) 
of 0.42%, 0.39%, and 0.37% for the starter, grower, and finisher phases 
while the PC1 diet had a calculated nPP less than PC2 by 0.09% and 
the negative control (NC) diet less 0.17% of nPP compared to the PC2 
diet. Phytase was supplemented to the NC. Each treatment consisted 
of 9 replicates with 35 birds. Birds were fed a starter (d1–14), grower 
(d15–28), and a finisher (d29–42). On d of dietary changes, tibias were 
collected for bone ash weight and percent (8 birds/pen on d 14; 6 birds/
pen on d 28; and 4 birds/pen on d 42). Reduction of nPP in the NC 
resulted in a reduction (P<0.05) of feed consumption and body weight 
(BW) throughout the trial when compared to both PC1 and PC2 diets. 
An increase (P<0.05) in FCR was observed in the NC when compared 
to the PC diets . Supplementing phytase in the NC diet resulted in an 
increase (P<0 .05) in feed consumption and BW and a reduction in FCR .  
Reducing the nPP levels in the NC decreased (P<0.05) ash content when 
compared to the PC diets . Phytase improved (P<0 .05) tibia ash content 
when compared to the NC diet. Linear regression was conducted to deter-
mine phosphorus equivalency values. Phosphorus equivalence values 
for 100, 250, 500, and 750 FTU/kg on d14 and 42 BW were determined 
to be 0.107, 0.122, 0.172, and 0.213%, respectively, for d14 and 0.099, 
0.125, 0.131, and 0.137%, respectively for d 42. Day 14 and d 42 tibia 
ash percent were determined to be 0.042, 0.067, 0.120, and 0.135%, 
respectively, for d14 and 0.106, 0.111, 0.173, and 0.162%, respectively 
for d 42 ash percent. Day 14 and d 42 ash weights were 0.051, 0.102, 
0.141, and 0.178%, respectively for d14 and 0.087, 0.151, 0.147, and 
0.140 %, respectively for d42.

Key Words: phytase, broiler, performance, growth

414P   Evaluation of the True Check in vitro screening method 
in determining the effect of trace mineral levels on Allzyme SSF 
phosphate uplift. Sarah A . Bloomer, Allyson Lovell, and Ryan S . 
Samuel*, Alltech Inc., Nicholasville, KY.

Nutrient availability for monogastric animals is often aided by feed addi-
tives that improve digestibility. However, high levels of trace minerals 
can inhibit the activity of exogenous enzymes due to metal ion reactions . 
The True Check in vitro screening method (Alltech Inc.) was developed 
to simulate the digestion of feeds by the poultry digestive tract . True 
Check measures the reducing sugars and phosphate released due to addi-
tions of Allzyme SSF, a natural enzyme complex . The objective of this 
experiment was to evaluate the True Check in vitro screening method 
in determining the effect of trace mineral levels on the phosphate uplift 
of Allzyme SSF in poultry feeds . Trace mineral proteinates (Bioplex) 
were added individually to a base mix of 75% corn and 25% soybean 

meal at below, equal to, or above industry recommended inclusion 
levels, respectively: 1, 10, and 30 ppm Cu; 40, 70, and 100 ppm Mn; 
10, 20, and 60 ppm Fe; and 40, 70, and 100 ppm Zn . Additionally, a 
feed sample with no added trace minerals was included for each of the 
trace minerals evaluated. Allzyme SSF was included at 0, 100, 200, or 
400 g/t for all trace mineral evaluations. In total, 64 feed samples were 
tested in duplicate. Phosphate release was greatest (P < 0 .05) from 400 
g/t Allzyme SSF, regardless of the trace mineral or inclusion level that 
was evaluated. Increasing inclusions of trace mineral proteinates of Mn, 
Fe and Zn did not (P > 0 .05) alter measured phosphate release . In all 
diets containing the highest level of Cu, phosphate release was reduced 
(P < 0.01) compared with the other levels of Cu inclusion, which were 
not different from each other. However, results expressed relative to the 
base mix within each of the trace mineral evaluations indicated that the 
phytase component of the enzyme complex was not inhibited by increas-
ing mineral concentration . This study indicates that the True Check in 
vitro screening method was able to determine the impact of trace mineral 
levels on enzyme activity . Utilizing this method, producers can predict 
how their trace mineral strategy will affect expected nutrient uplift.

Key Words: enzyme, phosphate, in vitro

415P   Withdrawn

416P   Efficacy of Buttiauxella sp. phytase on production per-
formance in turkeys fed corn-soybean meal-based diet deficient 
in phosphorus and calcium. Luke P . Barnard*1, Yueming Dersjant-
Li1, Rachael Bold1, and Arun Kumar2, 1Danisco Animal Nutrition–
DuPont Industrial Biosciences, Marlborough, United Kingdom, 2The 
University of Queensland, Gatton, QLD, Australia.

This study investigated the efficacy of Buttiauxella phytase on perfor-
mance of turkeys fed a corn-soy based diet. Six treatments were tested: 
(1) Positive control (PC) formulated to breeder recommendations; (2) 
Negative control 1 (NC1) with available P (AvP) and Ca reduced vs. 
PC by 0.09% and 0.11% (wk 1–9), or 0.16% and 0.24% (wk 10–12); 
(3) Negative control 2 (NC2) with both AvP and Ca reduced vs PC by 
0.18% (wk 1–9), or 0.24% AvP and 0.44% Ca (wk 10–12); (4–6) NC2 
+ Buttiauxella phytase at 250, 500 or 1000 FTU/kg. Day-old Nicholas 
300 turkey poults were used in a randomized block design, with 16 
replicates per treatment (6 poults/pen). Pelleted diets and water were 
offered ad libitum for 12 wk. Data on body weight (BW) and feed 
intake (FI) were collected at 3, 6 and 12 wk of age, feed conversion 
ratio (FCR) was calculated. Least significant differences were used to 
test treatment means . Increasing phytase dose from 0 (NC2) to 1000 
FTU/kg linearly or curvilinearly (P < 0 .05) improved FI, BW and BWG 
(1–6 wk, 1–12 wk) and reduced FCR (1–6 wk). During 1–6 wk, no 
differences on performance parameters were found between NC diets 
and PC. Phytase at 500 and 1000 FTU/kg improved (P < 0 .05) BW 
(6.5 and 10% respectively vs PC) and FI vs NC and PC diets, reduced 
(P < 0.05) FCR vs PC (1.8 and 2.4% respectively). During 1–12 wk, 
the NC2 diet had lower (P < 0 .05) FI, BWG and higher mortality vs 
PC. Phytase at 250 FTU/kg improved (P < 0 .05) BWG, FI and reduced 
mortality vs NC2 and to the level comparable to PC . Phytase at 500 and 
1000 FTU/kg improved (P < 0.05) BW by 5.5% and 9% vs PC, while 
phytase at 1000 FTU/kg showed higher (P < 0.05) BW than 500 FTU/
kg . In conclusion increasing Buttiauxella phytase dose to 1000 FTU/kg 



141Poult. Sci. 95(E-Suppl. 1)

may have an extra-phosphoric effect and result in production benefits, 
compared with traditional dose of 500 FTU/kg.

Key Words: turkey, Buttiauxella phytase, corn, soybean meal

417P   Storage at ambient temperature improves metaboliz-
able energy in wheat distillers dried grains with solubles (DDGS) 
for broilers. Vasil Pirgozliev*1, Isobel M . Whiting1, Muhammad W . 
Mirza1, Filiz I . Karadas2, and Amy L . Sharpe1, 1NIPH, Harper Adams 
University, Newport, United Kingdom, 2Yuzuncu Yil University, Van, 
Turkey.

Recent availability of and interest in wheat distillers dried grains with 
solubles (DDGS) has resulted from the increased production of bio-
ethanol . The cost of transport and relatively high dry matter content of 
DDGS requires/allows them to be stored for some periods at ambient 
temperatures . Research assessing the effect of storage on feeding value 
of wheat DDGS for poultry is lacking. An experiment was designed 
to investigate the effects of storage on N-corrected dietary apparent 
metabolizable energy (AMEn), dry matter (DMR) and nitrogen (NR) 
retention, and fat digestibility (FD) coefficients and growth performance 
when fed to chickens (from 7 to 21d of age). One hundred twenty male 
Ross 308 chicks were allocated in a randomized block design to 1 of 10 
replicate cages (2 birds per cage) and 6 experimental diets in meal form 
that contained either 0 (control diet) or 200 g/kg of DDGS sample stored 
under different conditions. The storage conditions were as follows; kept 
at a constant −20°C (A); frozen at −20°C for 24-h period and after that 
kept at a constant 4°C (B); kept at a constant +4°C only (C); kept at a 
constant 15°C only (D); stored at ambient temperature (E). There were 
no storage effects on the mean dry matter (865 g/kg), color score (42), 
peroxide value (18 mEq/kg), vitamin E (38 µg/g), and total starch (12 g/
kg) of the stored DDGS samples. There were no differences (P > 0 .05) 
in FI and WG between the birds fed the experimental diets. The AMEn 
of the diet containing ambient stored DDGS was 0.28 MJ higher (P < 
0 .05) than the mean of the diets containing DDGS samples stored at 
constant temperature. The treatment means of the dietary AMEn (MJ/
kg DM) were as follows; Control diet 13.99; diet A 13.34; diet B 13.34; 
diet C 13.49; diet D13.37; diet E 13.62 (SEM = 0.0755). There were no 
differences (P > 0.05) in DMR, NR and FD between DDGS containing 
diets . The improved AMEn of diet based on DDGS stored at ambient 
temperature suggests that the variable temperatures may have activated 
some residual enzymes that may have affected the breakdown of fiber 
components of DDGS .

Key Words: wheat DDGS, storage, metabolizable energy, chick

418P   Metabolizable energy in wheat for broilers. Vasil Pirgo-
zliev*1, Stephen P . Rose1, Isobel M . Whiting1, Sonya G . Ivanova2, 
and Genoveva Staikova2, 1NIPH, Harper Adams University, Newport, 
United Kingdom, 2Agricultural Institute, Shumen, Bulgaria.

Knowledge on the content of metabolizable energy in wheat is important 
for allowing precise diet formulations for poultry. However, there is 
little conclusive information available on how the chemical composition 
and quality variables of different commercial wheat samples, that are 
presently available in the market, relate to their apparent metabolizable 
energy (AME). An experiment was designed to investigate the effects 
of chemical composition and quality variables on N-corrected dietary 
AME (AMEn) of 6 different wheat cultivar samples, presently avail-
able in EU, when fed to chickens (from 13 to 21d of age). Eighty male 
Ross 308 chicks were allocated in a randomized block design to one 

of the 5 replicate cages (2 birds per cage) . A balancer diet containing 
12.77 MJ/kg AME and 414.2 g/kg crude protein was prepared. Six diets 
were obtained by mixing 350 g/kg of the balancer diet with 650 g/kg 
of each of the 6 different wheat samples. To test linearity, 2 additional 
diets including one of the wheat samples at 2 more levels (e.g., 450 and 
250g/kg, plus the existing 650g/kg) were mixed, resulting in 8 diets in 
total. All diets were fed as mash. The values for AMEn in wheat were 
determined by the slope ratio method. Correlation analysis was used to 
assess the relationship between AMEn and chemical composition and 
quality measurements of the wheat samples. The AMEn value of wheat 
varied between 11.92 and 13.26 MJ/kg DM, respectively (SEM = 0.485). 
The amounts of oil and protein of the wheat samples ranged from 19.4 
to 22.7 g/kg, and 75 to 100 g/kg, respectively. All wheat samples had 
similar starch content (average of 573 g/kg). The mean neutral detergent 
fiber (NDF) content of the wheat samples was 93.3 g/kg, and ranged 
from 76.3 to 109.3 g/kg. Wheat water extracted viscosity (WV) varied 
between 8.3 and 11.4 cPa. The mean EH of the wheat samples was 
38, and ranged from 22 to 63. There was a negative correlation (P < 
0.05) between AMEn and NDF (r2 = −0.848) and WV (r2 = −0.855). A 
positive correlation (r2 = 0 .732; P < 0.1) between AMEn and EH was 
observed. The NDF, WV and EH of wheat may be useful as a rapid way 
to evaluate its metabolizable energy for broilers .

Key Words: wheat, endosperm hardness, viscosity, AMEn, chicks

419P   The addition of phytase to the diet does not contribute 
to woody breast or white striping in commercial male broilers. 
Dawn Koltes1, Shawna Weimer1, Xiao Sun1, Barbara A . Mallman1, 
Casey M. Owens1, Karen D . Christensen*1, Tara York2, and Craig 
Wyatt2, 1University of Arkansas, Fayetteville, AR, 2AB Vista, Planta-
tion, FL.

The novel myopathies known as white striping (WS) and woody breast 
(WB) in the pectoralis major are thought, in part, to be a result of 
nutrient deficiencies in broilers during the growth of the muscle. The 
objective of this study was to determine if increasing the bioavailability 
of phosphorus through the use of phytase would decrease the incidence, 
or severity of WS and WB in commercial broilers . To determine the 
effect of phytase on the incidence of WS and WB, 10 pens with 14 male 
broiler chicks were randomly allotted to 1 of 6 dietary treatments at 
hatch . Dietary treatments consisted of either a control diet containing 
3030 kcal/kg and 1.22% dig Lys in starter, 3120 kcal/kg and 1.10% dig 
Lys in grower, and 3170 kcal/kg and 0.99% dig. Lys in finisher with 
a decrease in AvP, Ca and Na (decreased 0.15%, 0.16% and 0.035%, 
respectively) . Or a second control diet as above minus minerals plus 
a decrease in amino acids and energy (decreased dig Lys 2% and ME 
45 kcal/kg). Either 0, 500, or 1500 ftu/kg of phytase was added to each 
control diet. Four broilers from each pen were randomly chosen at d 
49 for processing. Pen weights, mortality, individual body weights, and 
pectoralis major weights were collected. Scores for WB and WS (0 to 
3, normal to severe) were conducted by trained personnel. Data were 
analyzed as a 2 by 3 factorial with pen (mortality and initial pen weight), 
or broiler (pectoralis major, WB, WS) used as the experimental unit . 
Pen weights and mortality (P > 0.05) were not altered by diet, phytase 
levels, or their interaction . Broilers randomly chosen for processing 
had similar individual weights across all treatments (P > 0.05) with no 
significant differences found for pectoralis weights between diet, phy-
tase concentration, or the interaction (P > 0 .05) . Control diet, phytase 
concentration, or the interaction did not alter WB or WS score (P > 
0 .60) . While the addition of phytase to commercial diets can increase 
the bioavailable phosphorus and other nutrients, we did not find an effect 
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of phytase level or dietary nutrient levels on severity of WB and WS in 
commercial male broilers of the same size .

Key Words: woody breast, white striping, nutrient deficiency, 
phytase

420P   Influence of phytase on growth, tibia ash, ileal Ca and P 
digestibility, carcass yield and composition of broilers. Eduardo 
M . de Oliveira1,2, Jose H . Stringhini*1,2, and David R . Ledoux3, 
1Universidade Federal de Goias, Goiania, Goias, Brazil, 2CNPq 
researcher, Goiania, Goias, Brazil, 3University of Missouri, Colum-
bia, MO.

An experiment was conducted to evaluate the effects of high levels of 
phytase on performance, tibia ash percent (TA), ileal Ca and P digest-
ibility, carcass yield and composition of broilers fed dietary treatments 
from d 1 to d 42 . A total of 720 d-old straight run Cobb 500 broilers 
were housed in floor pens, randomly assigned to 6 treatments, 5 repli-
cates pens per treatment, and 24 birds per pen. Dietary treatments were 
(1) a positive control diet (PC); (2) a negative control diet (NC) with 
reductions in Ca (0.165%), aP (0.15%), and metabolizable energy (52 
kcal/kg); (3) NC+500 PU/kg; (4) NC+1,500 PU/kg; (5) NC+4,500 PU/
kg; and (6) NC+13,500 PU/kg diet. The phytase source was Quantum 
Blue. At d 21, there was no difference (P > 0.05) in body weight gain 
(BWG), feed intake (FI), feed conversion (FC) or mortality among 
treatments. At d 42, birds fed the NC diet had lower (P < 0 .05) BWG 
and FI compared with birds fed all other treatments. At both d 21 and 
42, broilers fed the NC diet had lower (P < 0.05) TA compared with 
birds fed all other treatments. At both d 21 and 42, there was no differ-
ence (P > 0.05) in ileal Ca digestibility. At d 21, ileal P digestibility was 
similar (P > 0.05) among birds fed the PC, NC and 500 PU/kg diets, but 
increased (P < 0.05) with each increase in dietary phytase above 500 
PU/kg diet. At d 42, birds fed NC, 500 PU/kg, 1,500 PU/kg had lower 
(P < 0.05) P digestibility compared with the PC diet, however birds fed 
4,500 and 13,500 PU/kg diet had higher P digestibility than PC birds. 
At both d 21 and 42, birds fed the PC diet had higher (P < 0 .05) litter 
P concentrations compared with all other treatments. Phytase level had 
no influence (P > 0 .05) on carcass yield or composition of broilers . The 
use of exogenous phytase contributed to improvements in bone miner-
alization, ileal P digestibility and reduced P excretion without adverse 
effects on carcass yield and composition in broilers .

Key Words: broiler, phytase, ileal P digestibility

421P   Effect of high levels of microbial phytase in broiler 
diets. Eduardo M . de Oliveira1, Jose H . Stringhini*1,2, and Dadid R . 
Ledoux3, 1Universidade Federal de Goias, Goiania, Goias, Brazil, 
2CNPq researcher, Goiânia, Goias, Brazil, 3University of Missouri, 
Columbia, MO.

An experiment was conducted to evaluate the effects of high levels of 
phytase on performance, tibia ash (TA), and ileal digestibility of Ca and 
P in broilers fed treatments from hatch to d 42 . A total of 600 day-old 
Ross 308 male broilers were housed in floor pens and randomly assigned 
to 6 treatments, 5 pens per treatment and 20 birds per pen . Dietary 
treatments were (1) positive control diet (PC); (2) negative control 
diet (NC) with reductions in Ca (0.165%), aP (0.15%), metabolizable 
energy (52 kcal/kg), lysine (0.017%), methionine and cysteine (0.039%), 
threonine (0.033%), and sodium (0.02%); (3) NC+500 PU/kg diet; (4) 
NC+1,500 PU/kg diet; (5) NC+4,500 PU/kg diet; and (6) NC+13,500 
PU/kg diet. At d 21, birds fed the PC diet had higher (P < 0 .05) body 
weight gain (BWG) and feed intake (FI) compared with the NC. There 

was no difference (P > 0 .05) in BWG and FI among the PC diet and 
birds fed phytase. At d 42, there was no difference (P > 0 .05) in BWG, 
FI, feed conversion or mortality among the treatments . At d 21, birds 
fed the PC diet had higher (P < 0 .05) TA than birds fed the NC diet and 
the 500 PU/kg diet. Birds fed ≥1,500 PU/kg had similar (P > 0 .05) TA 
to that of birds fed the PC diet . At d 42, birds fed the PC diet had higher 
(P < 0.05) TA than birds fed the NC diet. However, birds fed phytase 
had similar (P > 0 .05) TA to that of birds fed the PC diet . At d 21 and 
42, there was no difference (P > 0 .05) in ileal digestibility of Ca among 
treatments. However, at d 21 birds fed ≥ 1,500 PU/kg had higher (P < 
0.05) ileal P digestibility compared with birds fed PC, NC, and 500 PU/
kg diets, whereas at d 42, there was no difference (P > 0 .05) in ileal P 
digestibility among treatments. At d 21, litter P was lower (P < 0 .05) in 
birds fed NC, 1,500 PU/kg, and 4,500PU/kg diets compared with birds 
fed other treatments, whereas at d 42, compared with the PC diet, litter P 
was lower (P < 0 .05) in birds fed all other treatments . Phytase improved 
bone mineralization, increased P digestibility, and reduced P excretion .

Key Words: broiler, ileal P digestibility, phytase

422P   Impact of fumonisins and a fumonisin-degrading feed 
additive on laying performance and biomarkers of exposure. 
Barbara Doupovec*1, Ilse Dohnal1, Gerlinde Bichl1, Simone Scha-
umberger2, Christiane Gruber-Dorninger1, and Dian Schatzmayr1, 
1Biomin Research Center, 3430 Tulln, Austria, 2Biomin Holding 
GmbH, 3131 Getzersdorf, Austria.

Fumonisins (FUM) are a group of mycotoxins mainly produced by 
Fusarium fungi . They impair the immune and digestive systems of birds . 
A strategy to counteract FUM contamination of feed is the degradation 
of FUM by a novel feed additive that contains purified fumonisin ester-
ase, FumD, an enzyme that transforms FUM to non-toxic hydrolyzed 
FUM. In this study, we investigated the effect of FUM and FumD on 
performance and egg production of laying hens and we determined the 
concentrations of FUM and their degradation products in excreta as 
biomarkers of exposure. A total of 120 laying hens (Lohmann Brown, 
23 wk old) were randomly assigned to 3 groups (10 replicates per group 
with 4 layers per replicate). The additive group received feed contami-
nated with 10 mg/kg FUM and supplied with 15 U/kg of the fumonisin 
esterase FumD . The positive control group received feed contaminated 
with 10 mg/kg FUM. A third group received uncontaminated feed 
(negative control group). The trial period was 14 d. We determined 
performance parameters like live weight, weight gain, feed consumption 
and feed conversion rate and egg parameters including laying rate and 
egg mass . Concentrations of fumonisin B1 (FB1) and its degradation 
product hydrolyzed FB1 (HFB1) were determined in excreta. While feed 
contaminated with 10 mg/kg FUM had a negative effect on egg mass, 
laying rate and feed conversion rate compared with the negative control, 
such an effect was not observed for FUM-contaminated feed supplied 
with fumonisin esterase FumD. Furthermore, the additive group showed 
significantly lower levels of FB1 and concomitantly significantly higher 
levels of HFB1 in excreta indicative of a gastrointestinal degradation 
of FB1 by fumonisin esterase FumD . In conclusion, the addition of 
fumonisin esterase FumD to FUM-contaminated feed facilitated the 
gastrointestinal degradation of FUM thereby counteracting the negative 
effect of FUM on laying performance . A negative effect of FUM on 
laying rate was already observed within a relatively short observation 
period of 14 d . We expect that a longer exposure time may cause even 
more negative effects .

Key Words: fumonisin, biomarker, feed additive, feces, layer
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423P   Nutritional challenge with dietary commercial phytases 
through performance and bone characteristic assessment of 
broiler chickens. Antonio G . Bertechini*1, Matheus de P . Reis1, and 
Julio Cesar C . Carvalho2, 1Universidade Federal de Lavras, Lavras, 
MG, Brazil, 2Cargil Animal Nutrition Latin America, Campinas, SP, 
Brazil.

Currently, various phytases are available on the market for use; how-
ever, it is unclear whether they have the same efficacy in hydrolysis 
and release of the phytic phosphorus. A trial was conducted to assess 
the efficacy of 7 dietary commercial phytases (A, B, C, D, E, F, and G) 
through performance and bone characteristics of broiler chickens fed a 
non-phytate phosphorus (NPP) deficient diet. The phytate phosphorus 
(PP) release for each phytase was also calculated. A total of 2,400 day-old 
male Cobb 500 chicks were randomly assigned to 12 dietary treatments 
and 8 replicates, 25 birds per experimental unit . The treatments from 1 
to 5 consisted of increasing levels of NPP (0 .20, 0 .25, 0 .30, 0 .35, and 
0.40%) without phytase and 7 diets with 0.20% of NPP supplemented 
with different 6-phytases. The enzymes were added to 500 FTU/kg of 
feed . Feed intake (FI), body gain (BG), and feed conversion ratio (FCR) 
were evaluated in 3 stages at 21, 35, and 42 d of age. On d 21 and 42, 
bone characteristics were also evaluated. The PP release by phytases 
was calculated on a linear base response over performance and the tibia 
ash, concerning the treatments with dietary levels of 0.20% to 0.40% of 
NPP. Among the enzymes, supplementation with F phytase produced 
the most similar result to treatment with the highest level of dietary NPP 
(0.40%). The use of enzyme F resulted in a higher (P < 0 .05) percent-
age of Calcium (Ca) in the tibia on d 21 . Phytases released different 
concentrations of PP from diets, considering the same supplementation 
level, in FTU. Based on BG, 500 FTU/kg of diet releases a minimum 
and maximum of 0.074% - 0.152%, 0.062% - 0.157% and 0.059% - 
0.169% of PP between the studied phytases in the start, growth, and 
finisher stages, respectively. In conclusion, we have demonstrated that 
using the same phytase activity (500 FTU/kg of feed) may lead to levels 
of available phosphorus under the NRC recommendations, which may 
decrease performance and bone characteristics .

Key Words: phytate, phytase activity, available phosphorus, bone 
characteristic, equivalence.

424P   The effect of mineral source and level on the activity of 
exogenous phytase. Rachel A . O’Rourke, Laurann A . Byrne, Mark 
A. Gaffney, Kate A. Jacques*, and Richard A. Murphy, Alltech Bio-
science, Dunboyne, Co. Meath, Ireland.

Exogenous phytase use in monogastric diets is almost routine, however 
phytase is added via premixes that include the trace elements copper 
(Cu), iron (Fe), zinc (Zn) and manganese (Mn) . These trace minerals are 
known to have an inhibitory effect on phytase activity. Because “super-
dosing” of enzymes or minerals has both economic and physiological 
implications, ways of reducing such interactions in premixes are being 
sought . This experiment compared effects of inorganic and organic 
trace mineral sources; sulfate and Bioplex proteinates, respectively, on 
activity of phytase from A. niger and P. lycii in 2 experiments . Further, 
these comparisons were made in the context of typical industry levels of 
inorganic Fe, Zn, Cu and Mn (120, 120, 15, 40 ppm) vs equal or reduced 
levels of the proteinate forms (40, 40, 15 and 20 ppm) . The control in 
each experiment included phytase but no added trace minerals . Means 
and standard deviations are based on the readings of 9 replicates, with 
significance determined relative to control with one-way ANOVA. 
Mineral analysis utilized inductively coupled plasma mass spectrometry . 
Effects of mineral source on phytase activity were determined by pre-
incubating each sample in 5mM sodium acetate buffer at pH 5 .5 for 15 

min at 50 C, followed by an adaptation of the Engelen et al. phytase 
assay . Inorganic trace minerals strongly inhibited both phytase sources 
(P < 0.05) and reduced phytase activity by 65 and 75%, respectively (P 
< 0 .05), for A. niger and P. lycii, while organic trace minerals inhibited 
activity 10–25%. Lower levels of proteinate trace minerals protected 
activity of P. lyii phytase to the greatest extent, while industry levels of 
this trace mineral form better protected A. niger phytase (P < 0 .05) . It 
was concluded that both phytase and mineral sources affect the degree 
of enzyme inhibition, with most inhibition in this comparison occurring 
at typical industry levels of inorganic trace minerals .

Key Words: phytase, proteinate, trace mineral

425P   Energy values of sugar cane yeast, with or without addi-
tion of enzyme complex for growing broilers. Claudia da Costa 
Lopes1, Carlos Bôa Viagem Rabello*2, Emanuela Nataly Ribeiro 
Barbosa1, Camilla Roana Costa de Oliveira1, Elainy Cristina Lopes1, 
and Andreza Lourenço Marinho3, 1Universidade Federal de Sergipe, 
Aracaju, Sergipe, Brazil, 2Universidade Federal Rural de Pernam-
buco, Recife, Pernambuco, Brazil, 3Universidade Federal do Rio 
Grande do Norte, Natal, Rio Grande do Norte, Brazil.

The objective was to determine the energy values and the coefficients of 
apparent metabolizable of the gross energy of the sugar cane yeast, with 
or without addition of enzyme complex (EC), for broilers from 14 to 22 
d old. 96 broilers males, Cobb 500, with 14 d old, were housed in meta-
bolic cages and distributed in completely randomized design consisting 
of 4 treatments and 6 replicates . The research had a duration of 8 d .The 
treatments were as follows: T1 = negative control diet, without EC; T2 = 
positive control diet, with added 150 mg/kg of the EC; T3 = substitution 
of 20% of T1 diet by the sugar cane yeast; and T4 = 20% substitution 
of T2 by the sugar cane yeast. The sugar cane yeast was obtained from 
ethanol distillery, dried by rotative roll to 95°C for 107 s. Its composition 
was 85.92% dry matter; 32.50% crude protein in dry matter, and 3765 
kcal/kg of gross energy. The EC used contained pectinase, cellulase, 
phytase, β-glucanase, xylanase, protease and amylase. We determined 
the values of apparent metabolizable energy (AME), AME corrected for 
nitrogen balance (AMEn) and the coefficient of metabolizability gross 
energy (CMGE) of the sugar cane yeast, with and without addition of 
the EC. The results obtained were subjected to ANOVA and means were 
compared by F test, at 5% probability. No significant differences in the 
values of AME (1,549 kcal/kg), of AMEn (1,434 kcal/kg) and CMGE 
(32.97%) of yeast, with or without the enzymatic complex. However 
even with no statistical difference between energy values, when added 
the CE in feed, it was observed an increase of 79kcal/kg on the AMEn 
of the sugar cane yeast (1,391 kcal/kg without EC and 1,470 kcal/kg 
with EC). The use of the enzyme complex does not provide statistical 
difference for the energy values of sugar cane yeast for the broilers in 
growing (14 to 22 d old).

Key Words: enzyme complex, metabolizable energy, Saccharomyces 
cerevisiae

426P   In vitro evaluation on relative enzyme activity of differ-
ent Bacillus isolates. Jose L . Vicente-Salvador*1, Jacob Lum1, Juan 
D . Latorre2, Guillermo Tellez2, and Ross Wolfenden1, 1Pacific Vet 
Group USA Inc., Fayetteville AR, 2University of Arkansas, Fayette-
ville AR.

Bacillus species are a major source of industrial microbial fermentation, 
and some of them are recognized by the FDA as GRAS organisms . There 
are many species of Bacillus that have been reported to produce large 
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amount of extracellular enzymes. In this report, we evaluate 26 different 
Bacillus isolates for their ability to produce protease, cellulase, xylanase, 
lipase and phytase enzymes in vitro. Twenty-six Bacillus isolates were 
grown overnight at 37°C in sterile conical tubes containing 10mL of 
TSB . After incubation, Bacillus isolates were washed 3 times with sterile 
saline solution by centrifugation at 3500 rpm for 15 min  at 4°C. The 
supernatant of the last centrifugation was discarded and the pellet was 
suspended with 5mL of sterile saline solution. Ten microliters was placed 
in the center of each media in triplicate . For protease, cellulase, xylanase 
and phytase activity, plates were incubated for 48 h. Meanwhile, Blue 
Spirit agar plates (lipase activity) were incubated for 24 h. Agar plates 
were incubated at 37°C. After incubation, the diameter of the zone of 
clearance and the diameter of the colony was measured in millimeters 
(mm). The relative enzyme activity (REA) was obtained using the follow 
formula: Diameter of zone of clearance/diameter of the colony. Under 
our laboratory conditions, isolates B007, B005, B009, B022, B015, 
B024, B019, B020, B018, and B008 were the best protease enzyme 
producers with an REA greater than 2.5 units. Isolates B018, B008, 
B005, B024, B020, B009, B015, B025, B001, and B004 were the best 
cellulase enzyme producers with relative REA greater than 1.60 units. 
Isolates B001, B011, B012, B021, B018, B003, B017, B020, B010, 
and B013 were the best lipase producers with REA of greater than2.49 
units . Isolates B008, B019, B014, B005, B025, B024, B009, B017, 
B016, and B015 were the best xylanase producers with REA greater 
than 3 .00 units . Finally, isolates B021, B011, B020, B018, B019, B001, 
B003, B013, B004, and B005 were the best phytase producer with REA 
greater than 1 .50 units . These data demonstrate that different strains of 
Bacillus produce a variety of enzymes, and that some strains are able 
to produce more REA than others for a given enzyme .

Key Words: Bacillus, enzyme 

427P   Efficacy of a next-generation microbial phytase in laying 
hens fed corn-soybean meal-based diets low in non-phytate 
phosphorus. Megharaja K . Manangi*, Joe Cushing, and Mercedes 
Vazquez-Anon, Novus International Inc., St. Charles, MO.

An 8-wk (67 to 75 wk of age) trial was conducted to evaluate the efficacy 
of supplementation of a next-generation microbial phytase (Cibenza 
Phytaverse, Novus International, Inc ., St . Charles, MO) in laying hens 
fed corn-SBM-based mash diets low in non-phytate phosphorus (npp). 
A total of 120 Hy-Line W-36 laying hens were assigned to 5 treatments 
with 24 cages/treatment and 1 hen/cage using a randomized complete 
block design. Treatments consisted of 0.15% npp, T1 (-ve control); 
0.30% npp, T2; 0.42% npp, T3 (+ve control); T1+250 FTU of phytase/kg 
diet, T4; T1+500 FTU of phytase/kg diet, T5; All diets were formulated 
to contain 4.4% Ca using limestone. Performance (body weight, egg 
production, egg weight, FCR on egg mass, and feed intake), %bone ash 
and minerals (P and Ca), and egg and shell quality variables (albumin 
height, Haugh units, yolk color, shell thickness and strength) were mea-
sured. The data were analyzed using 1-way ANOVA and means were 

separated using LSDs at P ≤ 0.05. End of the trial outcome indicated 
that only body weight gain, and bone ash %phosphorus (P) were affected 
(P < 0.05). Hens fed 0.3% npp (T2) and 0.42% npp (T3) had higher (P 
< 0.05) body weight gain compared with 0.15% npp (T1) fed group. 
Feeding phytase at 250 FTU (T4) or 500 FTU (T5) resulted in similar 
results compared with T2 and T3 (P > 0.05) and were different from T1 
(P < 0.05). Bone ash %P was higher (P < 0 .05) for all treatments (T2 
to T5) compared with the –ve Ctrl (T1 with 0.15% npp). In summary, 
the bone ash %P and weight gain data indicated that the next genera-
tion microbial phytase, Cibenza Phytaverse, was effective in replacing 
0.15% npp toward end of laying hen cycle.

Key Words: layer, phytase, corn, soybean meal

428P   Effect of high usage levels of commercial phytase on 
performance, bone ash, and thermostability in broilers fed with 
corn-soybean-based diets. Luis-Miguel Gomez*1, Oliver Restrepo1, 
Carolina Mesa1, and Roselina Angel2, 1Research and Development 
Unit, Solla S.A. Company, Colombia, 2Department of Animal and 
Avian Sciences, University of Maryland, College Park, MD.

A feeding trial was conducted to evaluate the effect of high levels of 
commercial phytases. Day-old Ross 308 broilers (5,506) were randomly 
allocated to 96 pens, 56 birds/pen. Starter (St, 0 to 24 d) and grower 
(Gr, 25 to 38 d) mash diets were fed. Trt (16) were assigned by block (3 
houses) and replicated 6 times . The 16 Trt resulted from a 2 by 8 facto-
rial arrangement of Ca (high; 1.11 and 0.9% in the St and Gr, and low; 
0.8 and 0.64% in the St and Gr) and 8 diets with 6 phytases, a positive 
(PC) and negative control (NC). Four basal diets were formulated; a 
PC with high (PCH) and low Ca (PCL), a NC with high (NCH) and 
low Ca (NCL). Six commercial phytases were added at their recom-
mended high dose (1,000, 2,500, 1,500, 1,000, 1,500 and 750 FTU/kg 
for phytase A, B, C, D, E and F, respectively) only to the NC basal diets . 
Statistics were done with a 2 way ANOVA (2 levels of Ca and 8 diets) 
and means comparisons by Tukey’s test . At 11, 21, and 38 d, 3 birds per 
pen were euthanized and toe and tibia ash determined. Thermostability 
was determined in a separate pelleting trial to assess phytase recovery 
after commercial pelleting conditions (90°C, 30 s) and blind samples 
were sent to 5 commercial labs. There were Ca × diet interactions for 
all the performance measures (FI, BWG and FCR) from H to 10 d and 
H to 38 d driven by differences in the effect of Ca in different diet Trt . 
Bone ash was affected primarily by diet, with NCH and NCL having 
lower ash vs all other Trt. There was a Ca × diet interaction on tibia ash 
% at 21 d only. Thermostability results show large differences based on 
recovery after pelleting. Small if any differences were seen in effects 
of different phytases on performance and bone ash but they were dif-
ferentially affected by Ca level . Once thermostability is included in 
the decision-making strategy, large differences exist between phytases.

Key Words: high level, phytase, performance, thermostability, 
broiler
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429P   Effect of a Bacillus subtilis probiotic inclusion with and 
without coccidiosis control on d 0 to 14 male Ross x Ross 708 
broiler performance. Andrew T. Brown*UG,1, Hannibal A . Brooks1, 
Rosana A . Hirai1, Masaya Kato2, Corey Farmer2, and Kelley G . S . 
Wamsley1, 1Department of Poultry Science, Mississippi State, MS, 
2Calpis America Inc., Peachtree City, GA.

Almost half of US poultry are currently produced without antibiotics; 
therefore, it is imperative to ensure that viable antibiotic alternatives, 
such as probiotics, are effective. Their use in conjunction with coccid-
iosis control measurements (as well as without) is especially important. 
The objective of the current study was to determine if a Bacillus subtilis 
probiotic could improve starter bird performance when used alone or 
in conjunction with coccidiosis control. Basal diets were formulated to 
meet or exceed NRC recommendations and contained ingredients such 
as exogenous feed enzymes, corn, soybean meal, and a meat and bone 
meal blend (antibiotic free, ABF). Treatments consisted of the follow-
ing: Basal + antibiotic + coccidiosis control (Treatment 1); Basal ABF 
+ coccidiosis control (Treatment 2); Basal ABF + coccidiosis control + 
500,000 cfu/g of Bacillus subtilis (Treatment 3); Basal ABF diet only (no 
additives; Treatment 4); Basal ABF + 500,000 cfu/g of Bacillus subtilis 
(Treatment 5). On day of hatch, 1,152 male Ross × Ross 708 chicks were 
randomly and equally assigned to pens, with a stocking density of 0.07 
m2/bird. Pens contained used litter from a commercial poultry house and 
were top-dressed with fresh pine shavings. Measured variables included 
0–14 d BW, BW gain, feed intake, FCR, and mortality. No significant 
differences were obtained for d 0 BW (P = 0 .5) . For 0–14 d BWG and 
BW, birds fed Treatment 5 demonstrated improved performance to birds 
fed Treatments 1–4 (P < 0 .0001) . In addition, birds fed Treatment 5 
demonstrated a reduction in FCR by 4–7 points as compared with birds 
fed Treatments 3 and 1, respectively (P < 0 .0001) . These data suggest 
that the tested Bacillus subtilis probiotic can be included into a practical 
ABF diet in a challenged environment (used litter, no coccidiosis control) 
and improve 0–14 d bird performance. However, to justify the use of the 
tested probiotic, it is important to verify that early performance benefits 
translate into improvements overall at the end of grow-out.

Key Words: probiotic, antibiotic alternative, broiler performance

430P   The effect of Bacillus sp. in broilers to control Clos-
tridium perfringens-induced necrotic enteritis. Sean Griffin*1, 
Greg F . Mathis2, Charles L . Hofacre3, and Brett Lumpkins2, 1Osprey 
Biotechnics, Sarasota, FL, 2Southern Poultry Research Inc., Athens, 
GA, 3Poultry Diagnostic and Research Center, The University of 
Georgia, Athens, GA.

The objective of this study was to determine the effectiveness of using 
Microlife L Bacillus licheniformis and Microlife S Bacillus subtilis 
direct-fed microbials in feed to reduce negative effects of a toxigenic 
C. perfringens on broiler chickens in a necrotic enteritis (NE) chal-
lenge model (Hofacre 1998) . In total, 1,200 day-of-hatch male Ross 
× Ross chicks were randomly allocated to 4 treatment groups, with 6 
replicates per treatment, 50 chicks per replicate . All received vegetar-
ian, non-medicated, non-enzyme commercial-type broiler starter DOT 
0–21 (crumbles), grower 21–29, finisher 29–43. Pelleting of rations 
was 80°C. Groups included No Additive, and those supplemented 
with Microlife L Bacillus licheniformis at 3 × 105 cfu/g, Microlife S 
Bacillus subtilis at 3 × 105 cfu/g and BMD 50g/ton feed for the entire 

43 Day trial period . All birds received a coccidia challenge at DOT 0 
by spray application with the coccidia vaccine, Advent. C. perfringens 
was evenly mixed into the feed on DOT 19, 20, 21 at ~1 × 108 cfu/ml/
bird. The results showed that Microlife L B. licheniformis, improved 
adjusted feed conversion significantly by 6.6 points (3.7%) compared 
with No Additive and significantly equal to BMD (P < 0 .05) . NE Lesion 
Scores for Microlife L were numerically equal to BMD 50g/ton at 0.37 
in this pen trial. NE lesion improvement was also evident in a 28-d 
battery trial (Comparative efficacy of DFMs for the control of necrotic 
enteritis caused by C. perfringens in broiler chickens; G . Mathis et al ., 
2014). In this trial, Microlife L NE lesion scores were significantly 
lower than BMD, competitor probiotic, and No Additive (P < 0 .05) . In 
conclusion, both Microlife Bacillus probiotics improved feed conversion 
significantly by d 29 and this effect persisted until DOT 43 end of trial 
(P < 0 .05) . Both Microlife Bacillus direct-fed microbials improved feed 
conversion and NE symptoms were similar in birds given the direct-fed 
microbials or the antibiotic BMD .

Key Words: Bacillus licheniformis, necrotic enteritis, Clostridium 
perfringens, probiotic, direct-fed microbial

431P   An evaluation of biochar in feed for 0- to 10-day-old 
broilers. Brandon M . Cheron*SC, Jose W . Charal, and Theresia 
Lavergne, LSU Agricultural Center, Baton Rouge, LA.

This experiment was conducted to evaluate biochar as a feed ingredient 
in commercial broiler diets. The biochar used in this experiment was 
a byproduct of sugar cane refinement (NFR BioEnergy LLC). Three 
hundred Ross × Ross 708 broilers were randomly allotted to one of 5 
treatment diets. There were 10 replicate pens per treatment, with 6 birds 
per replicate. The treatment diets had 0, 0.5, 1.0, 2.0, or 4.0% biochar. 
The experiment was conducted from 0- to 10 d of age. Feed and water 
were provided ad libitum. The broilers were weighed at the initiation 
and at the termination of the experiment to determine average daily gain 
(ADG), average daily feed intake (ADFI) and feed efficiency (gain:feed). 
The left tibia was collected from each broiler on d 10 and used to deter-
mine bone breaking strength. Fecal samples were collected on d 10 to 
determine dry matter, total nitrogen, and total phosphorus content . There 
was no effect (P > 0 .05) of dietary treatment on ADFI . Broilers fed diets 
containing 0%, 0.5%, or 1.0% biochar had similar ADG. Broilers fed 
diets containing 0%, 1.0% or 2.0% biochar had similar ADG. Broilers 
fed diets containing 2.0% or 4.0% biochar had lower (P < 0 .01) ADG 
than birds fed diets containing 0.5% biochar. Broilers fed diets with 
0%, 0.5%, 1.0%, or 2.0% biochar had better (P < 0 .01) gain:feed than 
broilers fed diets with 4.0% biochar. Final body weight was highest for 
birds fed diets with 0.5% biochar and lowest for birds fed diets with 
4.0% biochar (P < 0 .01) . Bone breaking strength tended to be higher 
(P < 0.09) for broilers fed diets with 0.5% biochar than for broilers fed 
diets with 4% biochar. Feeding biochar at any level did not affect fecal 
dry matter or total nitrogen content . The inclusion of biochar in broiler 
diets, at any level up to 4.0%, tended to reduce fecal phosphorus content 
(P < 0 .09) . These results indicate that including biochar in broiler diets 
at levels of 1.0% or lower may improve ADG, Gain:Feed, and bone 
breaking strength, as well as lower fecal total phosphorus.

Key Words: biochar, broiler, average daily gain, average daily feed 
intake, fecal phosphorus
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432P   Effects of metabolizable energy level and lysophos-
pholipid supplementation on productive performance, nutrient 
digestibility, blood metabolites, and yolk cholesterol in laying 
hens. Waewaree Boontiam*1, Byoung Y . Jung2, Yoon K . Hyun2, Jong 
H . Jeong1, and Yoo Y . Kim1, 1Department of Agriculture and Bio-
technology, College of Agriculture and Life Sciences, Seoul National 
University, Seoul, South Korea, 2Easy Bio Inc., Seoul, South Korea.

This research was conducted to investigate the effects of various 
metabolizable energy (ME) levels with or without lysophospholipids 
(Lipidol) supplementation on productive performance, egg quality, blood 
metabolites, and yolk cholesterol in laying hens. A total of 360 50-wk-
old Hy-Line W36 laying hens were randomly assigned to 6 treatments 
in a 2 × 3 factorial arrangement with 3 levels of ME (2,670, 2,750, and 
2,830 kcal/kg) and 2 levels of Lipidol (0 and 0.7 g/kg) until the age of 58 
wk old. Each treatment had 5 replications of 60 laying hens. The results 
revealed that no interactions were observed for hen-day production, 
egg mass, feed consumption, and feed conversion ratio. However, the 
main effect of Lipidol significantly increased egg weight (P < 0 .05) and 
decreased cracked eggs (P < 0.05). There were no significant differences 
in albumen height, Haugh unit, eggshell color, eggshell thickness, and 
eggshell breaking strength due to the interactions and the main factors . 
The addition of ME levels did not improve nutrient digestibility for all 
criteria, but the Lipidol addition had an effect to improve digestibility of 
ether extract (P < 0 .05) and total ash (P = 0 .083) . Serum concentration 
of glucose was increased by the interactions of ME levels and Lipidol 
supplementation (P < 0 .05) . Furthermore, improvement in retinol con-
centration (P = 0 .052) and reduction in yolk cholesterol (P = 0 .058) 
were found in groups fed dietary Lipidol. Overall, Lipidol inclusion in 
lower energy diets eliminates loss in laying performance and reduces 
cholesterol content in egg yolk .

Key Words: metabolizable energy, lysophospholipid, productive 
performance, yolk cholesterol, laying hen

433P   Effects of ButiPearl supplementation on broiler perfor-
mance, blood chemistry, and cecal fatty-acid analysis. Courtney 
E . Ennis*SC,1, Jennifer M . DuCray2, Anne C . Cox2, and Kelley G . 
S . Wamsley1, 1Mississippi State University, Mississippi State, MS, 
2Kemin Industries Inc., Des Moines, IA.

Organic acids are considered possible alternatives to antibiotics because 
of their gut health improving properties . Butyric acid, a short-chain 
fatty acid, has bactericidal and intestinal epithelial growth promoting 
characteristics. The objective of this study was to examine the effects of 
an encapsulated butyric acid source, ButiPearl on broiler performance, 
blood chemistry, and cecal short-chain fatty acid content . A total of 
540 chicks (Ross × Ross 708) were separated by sex and placed into 
36 pens containing 15 birds each (0 .12 m2/bird). Basal diets for each 
phase were formulated to meet or exceed NRC recommendations and 
contained corn, soybean meal, corn distiller’s grains and solubles, meat 
and bone meal, and poultry fat. One of 3 treatments, which consisted 
of varying inclusions of ButiPearl (0, 0.05, or 0.25%) were equally 
and randomly assigned to pens of females and males. There were 6 
replications/treatment for pens of male birds and 6 replications/treat-
ment for pens containing females. Pen weights were recorded on d0, 
21, 35 and 47 . Performance variables measured included: average BW, 
BW gain, FCR, feed intake, and percent mortality. On d47, 3 birds/pen 
were used for blood and cecal content collection; samples for both were 

pooled by pen. Blood chemistry panel analysis was conducted on 36 
blood serum samples. Short-chain fatty acid analysis was conducted 
on 36 cecal content samples for acetic, propionic, isobutyric, butyric, 
2-methyl butyric, and valeric percentage. No significant differences 
were observed in performance variables between treatments during 
the starter, grower, and finisher phases (P > 0 .05) . This is likely the 
result of a lack of challenge in the floor pen environment, due to the 
use of fresh litter . Of the 17 blood chemistry parameters analyzed, 
none were significantly affected by the ButiPearl inclusion (P > 0 .05) . 
In addition, diet did not significantly influence the fatty-acid content of 
the analyzed cecal content samples . These data suggest ButiPearl is a 
safe supplementation to broiler diets at the recommended (0.05%) and 
exaggerated (0.25%) level.

Key Words: butyric acid, organic acids, broiler performance, blood 
chemistry, short-chain fatty acid analysis

434P   Withdrawn

435P   Biological study of the incorporation of a natural caro-
tene premix in laying hens feeding. Luz M . Alzate*SC,1,2, Maria V . 
Alvarez2, Nataly Saavedra2, Julian Londoño2, and Claudio Jimenez2, 
1University of Antioquia, Medellín-Antioquia, Colombia, 2Corpora-
cion Universitaria Lasallista, Caldas-Antioquia, Colombia.

There is a growing interest to use residues derived from vegetable 
processing in food production for their bioactive compounds . Foods 
like eggs offer an opportunity to develop functional foods. One way to 
achieve this is by enhancing nutrition of laying hens with such com-
pounds. The aim of this work was to evaluate the bioaccumulation of 
carotenes in muscles, blood and eggs of hens fed with a premix made 
with tomato, lettuce, cabbage, carrot and bell pepper by-products. 180 
Lohman Brown hens were distributed randomly in 6 groups (n = 30) 
and fed during 4 wk with different mixtures of base meal and the premix 
(treatments): (1) base+artificial pigment (control 1), (2) base without 
pigment (control 2), (3) base+5% premix, (4) base+10% premix, (5) 
base+15% premix, and (6) base+20% of premix. No replication per treat-
ment. Egg yolk color was measured using DSM Yolk Fan and CIELAB 
scale. Weight, thickness and morphological index were determined in 
eggs. Total carotenes were measured by spectrophotometric method 
and antioxidant capacity by ORAC value. All data were collected each 
week. At the end of the fourth week, 3 hens per group were slaughtered 
to obtain samples of blood, muscle and skin to analyze total carotene, 
ORAC and carotene profile. Premix did not affect physical parameters 
of eggs but changed egg yolk color (P < 0.05) toward reddish orange 
hues, preferred by local consumer . Increases in the total carotene content 
was observed (13.6 to 47.7 mg/mL) and the highest ORAC value was 
found in treatment 6 (563.7 µmol TE/100g). The total carotene in skin 
increased from 11.1 to 15.3 mg β-carotene/100g, while muscle and 
blood were lower than skin and egg yolk. The ORAC value increased 
between 37.3 to 74.2 µmol TE/100g in muscle but not in skin and blood. 
The carotene profile showed presence of zeaxanthin, β-carotene and 
lutein in egg yolk and blood, with higher lutein values in yolk (5.4 to 
9.1 mg/L). These values in bioactive substances mean that consumer 
will have eggs with added value for its antioxidant capacity and lutein 
content, important for the prevention on macular disease .

Key Words: carotenes, ORAC, yolk, lutein, by-product
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436P   Development and in vitro evaluation of protected butyr-
ate formulations for broiler chickens. Pierre C. A. Moquet*1, 
Lonneke Onrust2, Rosalie van Emous1, and René P. Kwakkel1, 
1Animal Nutrition Group, Wageningen University, Wageningen, the 
Netherlands, 2Department of Pathology, Bacteriology and Avian Dis-
eases, Faculty of Veterinary Medicine, Ghent University, Merelbeke, 
Belgium.

A novel in vitro model of the poultry gastrointestinal tract was used to 
compare the release kinetics of new sustained- and targeted-delivery 
butyrate formulations. Two pharmaceutical processes were applied: 
(1) melt-extrusion/grinding was used to produce 4 types of continuous 
protective matrices differing by the embedding materials used; and 
(2) wet-extrusion/spheronization was used to produce non-protective 
pellets that were subsequently coated with a pH-sensitive polymer in 
a fluidized bed reactor. Release kinetics of these 5 new formulations 
and of 2 commercially available butyrate derivatives were evaluated in 
triplicate in a 3-step (pre-gastric, gastric and enteric) in vitro digestion 
procedure. Pre-gastric step had a pH of 5.8, contained α-amylase and 
lasted for 35 min . Gastric step had a pH of 2 .7, contained pepsin and 
lasted for 35 min . Enteric step had a pH of 6 .5, contained pancreatin and 
bile salts and lasted for 10, 80 or 170 min if the digestion until the end of 
the duodenum, jejunum or ileum was simulated, respectively. Aliquots 
were drawn at 5 stages of digestion representing the end of the crop, 
proventriculus-gizzard, duodenum, jejunum and ileum . Butyrate release 
was expressed as the percentage of the initial butyrate dose that was 
solubilized at a certain digestion stage . Differences among derivatives 
in butyrate release were assessed using a generalized linear model and 
Fisher’s least significant difference test as a post-hoc test. Significant 
differences were found among formulations for each digestion stage 
(P < 0.05). Novel wax matrices and commercial fat-coated butyrate 
showed a sustained release profile, the latter being significantly less 
protective. Tributyrin and coated pellets had a release profile targeting 
enteric segments . Behenic and stearic acid matrices released most of their 
content at in vitro crop stage . Results of this study can aid to develop 
experimental contrasts suitable to study the effects of butyrate release 
location on avian digestive physiology .

Key Words: in vitro, butyrate, coating, matrix, digestion

437P   Effect of two free silver carbene complexes on bacterial 
growth and expression of virulence genes of Clostridium perfrin-
gens type A. Akhil M. Alsadwi*SC,1, Parth N . Shah2, Carolyn L . 
Cannon2, James A . Byrd3, Denise Y. Caldwell3, Hector E . Leyva-
Jimenez1, and Christopher A . Bailey1, 1Poultry Science Depart-
ment, Texas A&M University, College Station, TX, 2Department of 
Microbial Pathogenesis and Immunology, Texas A&M Health Science 
Center, , College Station, TX, 3USDA, Southern Plains Agricultural 
Research Center, College Station, TX.

N-Heterocyclic silver carbene complexes (SCC), a group of novel 
silver-based compounds capable of gradually releasing silver ions, have 
demonstrated excellent antimicrobial activity against a wide range of 
bacterial pathogens. The antibacterial effect of 2 separate SCC with 
different carrier molecules, SCC1 with a methylated caffeine carrier 
and SCC2 with a dichloroimidazolium carrier, against Clostridium 
perfringens type A (CP type A) was investigated using the inhibition 
of bacterial growth as metric. Measurement of bacterial growth using 
optical density (OD625) demonstrated a significant reduction (P < 0 .05) 
in growth at all SCC concentrations tested. Further investigation of 
antimicrobial activity was performed using broth micro-dilution method 
in Brucella broth to determine the minimum inhibitory concentrations 
(MIC) for each compound. Mix of 4 wild strains of CP type A was sub-

jected anaerobically to SCC1 and SCC22 at concentrations ranging from 
0 to 15 µg/mL and the bacterial burden was determined at 0, 8, and 24 
h. The results showed that CP was extremely sensitive to SCC treatment 
with the MIC of SCC1 and SCC22 being 4 and 8 µg/mL, respectively. In 
addition to growth inhibition, SCCs may modulate virulence; to address 
this hypothesis, CP genes involved in toxin production (plc and netB) 
were selected for a gene expression study. Real-time quantitative PCR 
(RT-qPCR) revealed that the expression levels of plc and netB genes 
were downregulated 5- and 217-fold respectively, in response to treat-
ment with 5 µg/mL of SCC1 for 10 h at the mid-log phase of bacterial 
growth. In contrast, testing CP with 5 µg/mL of SCC22 depressed 
plc gene at 7-fold lesser than control but resulted in a 48-fold higher 
expression of netB . These results suggest that SCC exhibited remark-
able antibacterial activity and demonstrated lethal effect against CP type 
A . SCC may represent a novel class of broad-spectrum antimicrobial 
agents, which can be used to reduce the burden of pathogenic bacteria 
in the gastrointestinal tract of poultry .

Key Words: silver carbene complexes, minimum inhibitory concen-
tration, plc, netB, Clostridium perfringens

438P   Meta-analysis of the effects of a plant extract from 
Ferula spp. on production response of laying hens. Pauline Pour-
tau* and David Bravo, Pancosma, Geneva, Switzerland.

The effect of the dietary inclusion of 100 ppm of a phytonutrient from 
Ferula spp . family (NEXT, product NexTend, Pancosma) on laying 
hen performance was evaluated in a meta-analysis of 17 experiments 
organized in 28 trials . The effect of the product on laying index (LI), 
feed intake (FI), feed conversion ratio (FCR), egg weight (EW), mass 
of eggs produced (MEP) and difference of body weight (BW) was 
assessed using a mixed model, with the trial variable as random and 
the independent variable as fixed effect. Mean values were calculated 
weighting the data for the variance among trials. The effect of treat-
ment is presented using the P-value . Mean age at the end of the trial 
was 61.52 wk, LI was 86.3%, MEP was 52.9 g/hen/day and FCR was 
2.378 g:g. NEXT increased MEP (+2.1%, P < 0.001), FCR (−2.3%, P < 
0.01) and LI (+1.3%, P < 0.01); FI and EW were unaffected. An effect 
of the age of the layers at the beginning of the trial on the response of 
LW to treatment was highlighted (P < 0.05). Layers fed with NEXT 
when they were less than 50 wk of age gained body weight, while older 
layers lost BW. The effect of NEXT on MEP was stronger when the 
trial started after 50 wk (P = 0 .126) . Besides LW and MEP, no other 
productive outcome was affected by the initial age of the layers. This 
work demonstrates that phytonutrient from Ferula spp . consistently 
improves laying hens performance . It suggests a better body condition 
of hens receiving phytonutrients and allowing a higher persistence of 
lay especially when supplementation occurred after 50 wk of age.

Key Words: meta-analysis, laying hen performance, phytomolecules, 
mass egg produced, laying index

439P   Effects of dietary xylooligosaccharide supplementation 
on performance and egg quality in laying hens. Dongdong Li, 
Xuemei Ding, Le Kang, Keying Zhang, Shiping Bai, Qiufeng Zeng, 
Jianping Wang*, Yue Xuan, and Zhuowei Su, Institute of Animal 
Nutrition, Sichuan Agricultural University, Chengdu, Sichuan, China.

This study was conducted to determine the effects of xylooligosaccharide 
(XOS) on performance and egg quality of laying hens. A total of 1,080 
Lohmann laying hens (28 wk of age), were assigned to 6 treatment 
diets including XOS concentration at 0, 0.1, 0.2, 0.3, 0.4, and 0.5 g/kg, 
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respectively. This experiment lasted for 8 wk and there was 6 replicates 
with 10 cages (3 birds/cage) for each treatment. Egg production, egg 
weight and feed intake were recorded daily. Egg quality traits were 
recorded every 4 weeks. The results showed that XOS significantly 
improved the quality of eggshell. At wk 4, with the increasing levels 
of XOS, eggshell thickness increased quadratically (P = 0 .008) and 
eggshell relative weight increased linearly(P = 0 .022); In all groups, 
eggshell thickness in 0.4 g/kg XOS groups was the highest ; in addi-
tion, eggshell relative weight in 0.2, 0.3, 0.4, and 0.5 g/kg XOS groups 
was significantly higher than control group. At wk 8, dietary addition 
of XOS resulted in a linear increase (P < 0 .001) in eggshell thickness 
and eggshell relative weight. Compared with the control group, with 
the increasing concentration of dietary XOS (0 .1, 0 .2, 0 .3, 0 .4, and 0 .5 
g/kg), eggshell thickness was linearly increased by 3.24, 3.74, 5.24, 
6.48, and 6.23%, and eggshell relative weight linearly increased by 4, 
4, 8, 12, and 11% . However, supplementation XOS had no effects on 
performance, yolk relative weight, Haugh unit and yolk color as well 
as eggshell strength (P = 0 .088) . It can be concluded that supplementa-
tion of XOS in laying hen diets improve eggshell quality without any 
negative effect on performance .

Key Words: xylooligosaccharide, performance, egg quality, laying 
hen

440P   Performance of broilers fed diets supplemented with two 
yeast cell wall strains using two feeding strategies. Mohammed M . 
Hashim*SC,1, Morouj N . Al-Ajeeli1, Raghad A . Abdaljaleel1, Akhil 
M. Alsadwi1, Yasser J . Jameel1, Hector E . Leyva-Jimenez1, Akram U . 
Haq1, Jimmie R . Corley2, and Christopher A . Bailey1, 1Texas A&M 
University System, College Station, TX, 2Phileo Lesaffre Animal 
Care, Milwaukee, WI.

Two yeast cell wall (YCW) products from 2 different strains of Sac-
charomyces cerevisiae were evaluated in this study at 2 different supple-
mentation rates offered to full term broilers . A total of 960 straight-run 
Ross-308 broiler chicks were randomly assigned to sixty 6’× 6’ floor 
pens with 16 birds/pen in a randomized block design with 12 pen rep-
licates per treatment . The study utilized a full term 42-d, 3-phase rear-
ing program with a 21-d starter, 14-d grower, and 7-d finisher phases. 
The experimental diets were a control basal broiler diet, or basal diet 
supplemented with 250 ppm of YCW in all 3 phases, or 500 starter, 
250 grower, and 125 ppm finisher for each strain. Feed and water were 
provided ad libitum. Body weight (BW) and feed intake were collected 
for each phase, and mortality was monitored daily. Data were analyzed 
as a one-way ANOVA using the GLM procedure of SPSS. Means were 
separated using a protected Duncan’s multiple range tests . Birds fed 
diets supplemented with any of the 2 strains of the YCW at any of 
the inclusion regimens demonstrated significantly higher BW in all 3 
phases (P-value = 0 .000 in all phases) than control birds . The difference 
in final BW of the treatments was 138–198 g higher than the control 
group. For all YCW treatments, productivity index was significantly 
higher (P-value = 0.001) in the grower (409–422) and finisher phase 
(433–447) versus control birds (389 grower and 415 finisher). These 
results suggested that YCW prepared from both strains of yeast can 
improve broiler performance when added to their diets at concentrations 
ranging from 125 to 500 ppm .

Key Words: Saccharomyces cerevisiae, yeast cell wall, broilers

441P   Effect of GalliPro on performance, digestibility, and 
intestine morphology on broiler chickens. Mateus de P . Reis1, 
Paulo B . Rodrigues*1, Antonio A . P . Garcia Jr .1, Nathaniel Barrett3, 

Michael E . Persia3, and Carl J . Schmidt2, 1Universidade Federal de 
Lavras, Lavras, MG, Brazil, 2University of Delaware, Newark, DE, 
3Virginia Polytechnic and State University, Blacksburg, VA.

The rejections of the use of antibiotic grow promoter increases every 
year, due to the possibility of selection of resistant bacteria and also by 
strong consumer pressure . Hence, several alternatives have been inves-
tigated and marketed, including probiotics . In this context, GalliPro is 
a probiotic (Bacillus subtilis, DSM 17299), supplemented via diet for 
broiler chickens, and may confer benefits on nutrient uptake improving 
performance and reducing economy cost . This study investigated the 
effect of supplementation of GalliPro on broilers, regarding performance, 
total tract nutrient digestibility and intestinal morphology, comparing 
experimental birds reared for 42 d. The groups were also evaluated 
for economic value. A total of 192 birds (Ross 708) were allocated 
to 2 treatments and fed corn/soy-based rations: (T1) basal diet (BD); 
(T2) BD + GalliPro (8 × 105 cfu/g of feed). At 14 and 21 d, birds in 
T2 decreased (P < 0.05) average feed intake (AFI) in 2.7% and 1.9%, 
respectively, with no difference (P > 0 .05) over the average body gain 
(ABG), which also improved (P < 0 .05) feed conversion ratio (FCR) in 
3.8% and 2.2%, respectively. Birds from T2 also had an improvement (P 
< 0.05) of FCR at d 28 and 35 in 2.8% and 3.8%, respectively, although, 
no AFI nor ABG differences (P > 0 .05) occurred in this period . By d 
42, birds in T2 improved (P < 0 .05) apparent digestibility of dry matter 
and crude protein in 1.8 and 3.0%, respectively. Apparent metabolizable 
energy corrected by nitrogen balance (AMEn) was improved (P < 0 .05) 
in 1.2% (37 kcal/kg of feed). Also a reduction on duodenum relative 
weight followed by an increase of ileum occurred for birds in T2 (P 
< 0 .05) . No difference (P > 0.05) for production cost was observed. 
Overall, an improvement on performance and a decrease in production 
costs is expected when GalliPro is used on feed of broiler birds largely 
as a result of an improved nutrient digestibility, suggesting it use in diets 
with reduced levels of CP and EMAn.

Key Words: probiotic, Bacillus subtilis, DSM 17299, microbiota, 
poultry

442P   Effects of Original XPC and broiler maturity on Sal-
monella survival and cecal microbiome modulation utilizing an 
anaerobic in vitro mixed culture assay. Stephanie M . Roto, Peter 
M . Rubinelli, Si Hong Park, and Steven C . Ricke*, University of 
Arkansas, Fayetteville, AR.

Original XPC (XPC) on Salmonella (ST) survival and the cecal micro-
biome . Previous studies have demonstrated the effectiveness of XPC 
in reducing Salmonella; however, the exact mechanism is unclear. This 
study utilized 3 biological replicates at 3 time points for each treatment . 
Individual cecal contents were collected from broilers at 14, 28, and 
42 d. Individual cecal slurries were generated using an anaerobic dilu-
tion solution and distributed to serum bottles assigned to the following 
treatments: negative control (NC with poultry feed + cecal slurry), XPC 
(1% XPC with poultry feed + cecal slurry), cecal only (CO), and XPC 
F control (1% XPC with poultry feed). All treatments were allowed 
a 24 h pre-incubation period for the cecal slurry to adapt to the XPC 
treatment and the environment . The NC, XPC, and XPC F treatments 
were challenged with ST (NA/NORes). Each treatment was plated on 
selective media at 0, 24, and 48 h post-inoculation with ST, and samples 
for microbiome analysis were collected. The microbiome analysis was 
conducted via an Illumina MiSeq platform followed by QIIME analysis. 
At the 24 h time point for both the 28 and 42 d samples, there was a 
significant decrease (~1.5 log reduction) in the ST recovered in the XPC 
treated samples when compared with NC. At the 42 h time point, the 
28 d samples indicated significant decrease (~2.5 logs) in ST recovered 
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in the XPC treatment compared with the NC, while both XPC and NC 
revealed ST to be below the limit of detection at the 48 h time point 
in both the 14 and 42 d samples . The microbiome analysis indicated 
a significant increase in species diversity and richness directly related 
to age, revealing the importance of cecal microbiome maturity . The 
results from the current study indicate the effect of maturity on the cecal 
microbiome in the reduction of ST and XPC may accelerate the time it 
takes to reach mature levels. The XPC F control suggests XPC works 
in concert with the cecal microbiome in the reduction of ST.

Key Words: poultry, XPC, cecal microbiome, in vitro, sequencing

443P   A comparative analysis of microbial profile of chicken 
and guinea fowl using a metagenomic approach. Sarayu 
Bhogoju*SC, Samuel Nahashon, and Joseph Donkor, Department of 
Agricultural and Environmental Sciences, Tennessee State University, 
Nashville, TN.

Probiotics are live microbials that confer beneficial effects such as pro-
moting growth and health to the host; however, their mode of action is 
obscure. Differences may also exist in microbial profiles among avian 
species, requiring development of species-specific probiotics. The objec-
tive of this research was to characterize microbial profiles of the chicken 
and guinea fowl (GF) using the metagenomics approach. Amplification 
of the hypervariable region encoding the 9 variable regions (V1-V9) 
of the 16s rRNA genes was used to distinguish gastrointestinal tract 
(GIT) microbials . Ten chickens and 10 GF raised under standard broiler 
management conditions for 5 mo were killed by cervical dislocation and 
GIT contents were collected. DNA was extracted from GIT contents 
using the Purelink genomic DNA extraction kit . The 16s DNA library 
was constructed using 16s metagenomics kit and sequencing template 
was prepared using IonOneTouch-2 system following instructions from 
ion PGM Template OT2 400 kit (Life Technologies) . The template 
enrichment process was conducted using Ion one Touch ES system. The 
enriched samples were amplified, loaded onto 316V2 chip and sequenced 
using the Ion PGM system following instructions from Ion PGM 400 
sequencing kit. The sequencing data were analyzed using Ion reporter 
software based on Core QIIME pipeline with GreenGenes and Microseq 
ID databases for phylogenetic diversity. Microbial profile of chicken 
and GF revealed taxonomic diversity of these avian species consisting 
of almost 150 families. Chicken microbial profile showed abundance 
of microbial species than GF . Phylum Firmicutes was most abundant 
in both the avian species, whereas phylum Actinobacteria was most 
abundant in chickens than GF. The microbial profile of chicken and GF 
revealed diverse probiotic bacteria whose distribution will be correlated 
with performance characteristics in attempt to improve poultry growth 
and production performance .

Key Words: probiotics, metagenomics, poultry performance, 
chicken, guinea fowl

444P   Noni (Morinda citrifolin) modulates the hypothalamic 
expression of feeding-related neuropeptides and heat shock 
proteins in broilers exposed to acute heat stress. Hossein Rajaei-
Sharifabadi1, Elizabeth Greene1, Kentu Lassiter1, Alissa Piekarski1, 
Devin Cook1, Kaley Blankenship1, Phong Nguyen1, Austin Decker1, 
Lukas Gramlich1, Yvonne V . Thaxton1, Yi Liang2, Laura Ellestad3, 
Tom E . Porter3, Walter G . Bottje1, Sami Dridi*1, 1Center of Excel-
lence for Poultry Science, University of Arkansas, Fayetteville, AR, 
2Department of Biological and Agricultural Engineering, University 
of Arkansas, Fayetteville, AR, 3Department of Animal and Avian Sci-
ences, University of Maryland, College Park, MD.

The tropical Noni plant (Morinda citrifolin) is used in tropical conditions 
to improve broiler performance during heat stress, but mechanisms of 
action are not known. The major goal of this study was to determine 
the effect of Noni on feed intake (FI), feeding behavior, and expression 
of hypothalamic peptides and stress-related genes in broilers during an 
acute heat stress (HS). Broilers (480 males, 1 d old) were randomly 
assigned to 12 environmental chambers; each divided into 2 pens (12 × 
4 ft) with separate feeders and water lines. Chicks (20 per pen) were fed 
a corn-soy based starter diet (Control) or one containing 2 g dried Noni 
plant/kg feed (Noni) and brooded under thermoneutral conditions for 21 
d. On d 22, temperature was increased to 35 C in 8 chambers to induce 
acute heat stress (HS) with the remaining 4 chambers maintained at 
25°C. Feeding behavior was recorded and analyzed using video cameras 
and FI determined over the 2-h acute HS period . Randomly selected 
broilers (1/pen) equipped with temperature recording thermistors, were 
humanely killed (cervical dislocation) and hypothalamic samples flash 
frozen in liquid nitrogen for subsequent gene and protein expression 
analysis. Body temperature recordings were downloaded from the therm-
istors retrieved from their final location in the ventriculus. Data were 
analyzed by 2-way ANOVA and Duncan’s multiple range test used to 
assess significance. Acute HS increased body temperature and reduced 
FI with heat stressed birds spending more time lying down and less time 
eating compared with TN birds. There were no dietary effects on body 
temperature, FI, or feeding behavior during the acute HS . Heat-induced 
elevations of expression of heat shock protein 90 (HSP90) and related 
transcription heat shock factors (HSF1 and HSF4) in the hypothalamus 
of Controls were attenuated in Noni-fed broilers. The expression of 
hypothalamic orexigenic neuropeptide NPY and AgRP as well as the 
phosphorylated levels of AMPKa1 (at Thr172 site), were decreased by 
HS and these HS-induced changes were accentuated in the Noni group. 
Together our data indicate that diet-containing 0.2% Noni modulates 
the hypothalamic expression of neuropeptides, AMPK and stress-related 
genes without affecting FI in broilers exposed to acute HS.

Key Words: heat stress, feeding behavior, hypothalamus, neuropep-
tide, heat shock protein

445P   Influence of dietary Na-butyrate, initial BW, and beak 
trimming on BW uniformity and growth performance of brown-
egg laying pullets from hatching to 42 d of age. Beatrix Saldaña1, 
Pilar Guzmán1, Guillermo Fondevila1, Andrés Ortiz2, Raúl Rodrí-
guez3, and Gonzalo G . Mateos*1, 1Departamento de Producción 
Agraria, Universidad Politécnica de Madrid, Madrid, Spain, 2Nutega 
S. L., Madrid, Spain, 3Ibertec S. A. U., Valladolid, Spain.

The influence of initial BW of the pullets and beak trimming on growth 
performance and BW uniformity was studied in Lohmann Brown pullets 
fed diets supplemented or not with Na-butyrate (Butirex C4; Novation 
2002 S. L.) from hatching to 42 d of age. Treatments formed a 2 × 3 × 
2 factorial with 2 initial BW of the pullets (34.2 vs. 37.9 g), 3 models of 
beak trimming (L-0 and H-0; low or high infrared intensity immediately 
after hatching and F-8; traditional trimming at 8 d of age at the farm), 
and 2 levels of Na-butyrate (0 vs. 0.3%). No interactions among main 
effects were detected for any of the variables studied. From 0 to 14 d of 
age pullets that were heavier at hatching had greater BW than pullets that 
were lighter but the difference disappeared with age. BW uniformity at 
42 d of age was not affected by treatment but at 7 d of age, it was better 
in F-8 pullets than in L-0 and H-0 pullets (P < 0 .001) . From 0 to 7 d of 
age, F-8 pullets had greater ADFI (P < 0 .01) and ADG (P < 0 .001) than 
L-0 and H-0 pullets but an opposite effect was observed from 7 to 14 
d of age. This interaction between performance and age was expected 
because of the stress caused by beak trimming of the F-8 birds at 8 d of 
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age . Cumulatively, H-0 pullets had greater ADFI (P < 0 .01) than F-8 
pullets, with L-0 pullets being intermediate. However, no differences 
in ADG or FCR were detected. In general, the inclusion of Na-butyrate 
increased ADG and improved FCR in all periods considered but the 
differences were significant only for ADG from 0 to 14 d of age (5.20 
vs . 5 .03 g; P < 0.05). In summary, within the range of BW studied, the 
initial BW of the birds did not affect pullet performance . Beak trim-
ming did not affect ADG or FCR of the pullets from 0 to 42 d of age . 
Na-butyrate improved pullet performance significantly from 0 to 2 wk 
of age but no effects were observed thereafter.

Key Words: beak trimming, initial body weight, pullet, Na-butyrate, 
uniformity

446P   Performance and intestinal microbial profile of broiler 
chickens supplemented with a blend of protected organic acids 
and essential oils. Glenmer B . Tactacan*, Kathleen Sary, Wayne 
Bradshaw, and Derek Detzler, Jefo Nutrition, Saint-Hyacinthe, QC, 
Canada.

The increasing concern about the use of antibiotics in poultry produc-
tion has changed the ways in which producers manage the birds’ overall 
health. Currently, additives with anti-microbial and growth promot-
ing effects are added in poultry feeds to prevent and control GI-tract 
infections that adversely affect performance. A study was conducted to 
determine the effects of a blend of protected organic acids (OAs) and 
essential oils (EOs) in performance and intestinal microbial profile of 
broiler chickens. A total of 612 Ross 308 d old chicks were randomly 
assigned to receive 1 of 3 treatments for 28 d: 1) basal diet with no anti-
biotic + 100 ppm lasalocid (T1) (n = 204), 2) T1 + 300 ppm of protected 
OAs and EOs (T2) (n = 204), and 3) T1 + 1500 ppm of protected OAs 
and EOs (T3) (n = 204). A completely randomized design with 3 treat-
ments, 12 replicates, and 17 birds in each replicate was used. On d 14 
and 28, 1 bird from each pen was killed to collect ileal and cecal samples 
for microflora analysis using high-throughput sequencing based on 16S 
rRNA genes. The BW of birds in T2 and T3 at d 21 was significantly 
increased relative to T1 (P < 0.02, 4.6%), as was the BW of birds in T2 
at d 28 (P < 0.05, 2%). The FCR was not different between treatments; 
however, there was a trend toward improved FCR at d 21 in T2 (P < 0 .09, 
5.5%) and T3 (P < 0.06, 5.6%), as well as at d 28 in T2 (P < 0.06, 5.7%). 
Sequencing data at d 14 and 28 revealed retained complexity and overall 
structure of the ileal and cecal microbiota across treatments. However, 
the intestinal microbial profile of treatments changed in between these 
time points. Compared with T1, significant changes in the abundance 
of some Lactobacillus species within the cecum of birds in T2 and T3 
were found at d 28. Overall, supplementation of a blend of protected 
OAs and EOs had no adverse effect on the microbial diversity of the 
intestine and appeared to offer benefits with respect to gut health and 
productivity in broiler chickens .

Key Words: organic acid, essential oil, performance, microflora, 
broiler

447P   Aflatoxin contamination and the use of a specific benton-
ite alter plasma parameters in ducklings: Multiple trial analyses. 
Clementine Oguey*1 and Gaëlle Benzoni2, 1Pancosma SA, Le Grand 
Saconnex, Geneva, Switzerland, 2InVivo NSA, Saint Nolff, France.

The objective of the study was to assess first the effect of aflatoxin 
contamination (AFLA), the effect of anti-mycotoxin additives and 
finally the influence of the inclusion dose of a specific bentonite (MY, 
MyT, Pancosma) on total plasmatic protein of ducklings. A first set of 

data regrouped 6 trials organized in 18 studies (673 d-old Pekin ducks; 
mean duration = 15 .4 d) . All trials reported side by side comparisons 
of a mycotoxin-free feed with a diet containing synthetic AFLA (20 to 
370 ppb) . A second set of data regrouped 24 comparisons organized in 
15 studies, all reporting side by side comparisons of the use of anti-
mycotoxins additives (mainly binders) vs . non contaminated and AFLA 
diets (2,066 day-old Pekin ducks; mean duration = 14 d, mean AFLA 
= 74 ppb) . The last database regrouped 31 comparisons organized in 
8 studies and assessed the effect of MY dose in AFLA contaminated 
birds (508 day-old Pekin ducks; mean duration = 14 d, mean AFLA = 
91 ppb). The selected outcome was the level in total plasmatic protein 
(TPP). For each set of data, data were analyzed using a mixed model 
with the TRIAL variable as a random effect. AFLA was considered as 
a fixed effect in the first set of data. Treatment was set as a fixed effect 
in the second and third sets of data. Mean values were calculated using 
the LSMEANS procedure, weighting the data for the variance among 
trials . AFLA level linearly decreased TPP (P < 0.001). This confirmed 
the validity of this model to assess the intensity of AFLA on animals . 
Among the 17 anti-mycotoxins additives tested, MY exhibited one of 
the strongest effect on TPP in ducklings fed AFLA contaminated diet via 
an increase of TPP by 21.9% (P < 0.02) compared with contaminated 
control and enabled to reach the same similar values as AFLA-free 
control (P > 0 .07) . Finally, MY increased TPP of birds fed an AFLA 
contaminated diet in a dose dependent manner . An inclusion level of 3 
kg/t MY or higher enabled to reach TPP not different from birds fed a 
non-contaminated diet. These findings confirm the potential of MY to 
limit the negative effects of AFLA contamination on animals .

Key Words: aflatoxin, in vivo model, multiple analysis, toxin binder

448P   Evaluation of productive parameters of broilers supple-
mented with cyproheptadine hydrochloride in a corn-soy based 
diet. Neshan W . Sarkisian1,2, Valentino Arnaiz*1, and Pedro Shio-
mura1, 1Montana S.A., Lima, Perú, 2Universidad Científica del Sur, 
Lima, Perú.

A group of 450 male Cobb 500 broilers were subjected to varying 
concentrations of an appetite stimulant containing cyproheptadine 
hydrochloride 0.5% in a corn-soy based diet to evaluate its efficacy by 
comparing weight gain (WG), feed conversion ratio (FCR), and feed 
consumption (FC). The broilers were divided into 3 treatment groups in a 
completely randomized design (CRD); the treatments were control diet, 
5ppm (control + 5ppm of cyproheptadine hydrochloride) and 10ppm 
(control + 10ppm of cyproheptadine hydrochloride) . Each treatment 
had 3 replications, and each replication had 50 broilers, giving a total of 
450 broilers for all the trial. The parameters of WG, FC, and FCR were 
measured on a weekly basis. All data was analyzed using a one-way 
ANOVA (α = 0.05); data was further evaluated post hoc with Duncan’s 
multiple range test. Groups supplemented with cyproheptadine hydro-
chloride reached superior values in every parameter when compared with 
the control: WG: control = 2831 .1 g, 5ppm treatment = 2989 .2 g and 
10ppm treatment = 3022 .7 g; FC: control = 4683 .2 g, 5ppm treatment 
= 4745 .2 g and 10ppm treatment = 4832 .7 g; and FCR: control = 1 .66, 
5ppm treatment = 1 .59, 10ppm treatment = 1 .60 . The 10ppm treatment 
had the higher WG result (3022 .7 g) but did not differed statistically 
from the 5ppm treatment (2989.2 g); however, they both had significant 
differences with control (2831.1 g). The 10ppm treatment (4832.7 g) 
FC was higher than 5ppm treatment (4745.2 g), and the 5ppm treat-
ment FC was higher than control (4683.2g); all 3 showed significant 
differences between each other. The FCR results showed no statistically 
differences between the 5ppm (1.59) and 10ppm (1.60) treatments but 
they both had significant differences with control (1.66). Based on the 



151Poult. Sci. 95(E-Suppl. 1)

statistical analysis, we concluded that the continuous supplementation 
of cyproheptadine hydrochloride at 5 ppm in a corn-soy based diet was 
the most efficacious for promoting appetite stimulation and improving 
productive parameters in broilers .

Key Words: broiler, cyproheptadine, cyproheptadine hydrochloride, 
appetite stimulation, feed consumption

449P   Evaluation of the effect of a vegan protein supplement 
on broiler growth performance and processing yield. Kyle A . 
Smith*1, Bob Hill2, Kip Karges2, and Jason T . Lee1, 1Texas A&M 
AgriLife Research, College Station, TX, 2H.J. Baker & Bro. Inc.,, 
Shelton, CT.

The objective of the current study was to evaluate the influence of a 
vegan protein supplement (made with a proprietary blend of all veg-
etable proteins) in replacement of animal protein sources such as meat 
and bone meal on performance and breast yield in commercial broilers . 
The experimental design consisted of 3 dietary treatments including a 
corn:soybean meal control with no added protein supplements, a meat 
and bone meal (MBM −60% protein) with a consistent inclusion rate of 
5%, and a vegan protein supplement (VPS - 55% protein) also included 
at 5%. Each treatment included 14 replicates with 36 Cobb 500 males 
placed per replicate (1,512 total chicks placed). Diets were formulated on 
an iso-nitrogenous and iso-caloric basis . The dietary program consisted 
of 3 phases including the starter through d 14, grower through d 28, 
and finisher through d 42. Broilers were weighed and feed consump-
tion determined on d 14, 28 and 42. On d 43, 5 birds were removed per 
replicate pen for processing to determine carcass, breast, tender, wing, 
drumstick and thigh yield. The inclusion of VPS significantly (P < 0 .05) 
increased body weight compared with the control and MBM treatments 
on d 14, 28, and 42 . Inclusion of MBM increased (P < 0 .05) early body 
weight (d 14 and 28) compared with the control diet, however, no dif-
ferences were observed at d 42. Feed conversion ratio was improved (P 
< 0.05) during the starter phase in the VPS diet as compared with the 
control and MBM diets. Feed consumption was increased (P < 0 .05) 
with inclusion of VPS compared with the control and MBM treatments 
thru d 28. Processing weights were increased (P < 0.05) with VPS inclu-
sion for breast, wing, thigh, and drum stick compared with the control. 
Carcass yield was increased (P < 0.05) with the addition of both VPS 
and MBM compared with the control. Thigh yield was increased (P < 
0.05) with MBM inclusion compared with the control. These data sup-
port the idea that an all-vegetable protein source can provide similar 
benefits to animal protein sources with elevated growth performance 
compared with corn:soybean meal diets.

Key Words: vegetable, protein, processing, broiler

450P   Withdrawn

451P   Broiler diets with energy reduction and different fat 
sources supplemented with an emulsifier. Melina A . Bonato*1, 
Ricardo L . C . Barbalho1, Rafael A . Nacimento2, Paulo H . Pelis-
sari2, Cristiane S . S . Araújo2, and Lúcio F . Araújo3, 1ICC Industrial 
Comércio Exportação e Importação Ltda., São Paulo, SP, Brazil, 
2Universidade de São Paulo, FMVZ/VNP, Pirassununga, SP, Brazil, 
3Universidade de São Paulo, FZEA/ZAZ, Pirassununga, SP, Brazil.

This study evaluated the effects of emulsifier supplementation on broilers 
diets with energy reduction and 2 fat sources over performance. For this, 
1,200 one-day-old Cobb male chicks were distributed in a completely 

randomized design with a factorial arrangement 2 × 2 × 2 +2 (2 fat 
sources; 2 metabolizable energy (ME) levels; with emulsifier or not) 
+ control diets with 2 fat sources, totaling 10 treatments, with 10 reps 
of 12 birds each (12 birds/m2). The treatments were as follows: T1 = 
Control diet with degummed soybean oil (CS); T2 = Control diet with 
acid oil (CA); T3 = T1 with reduction of 80 kcal of ME (CS80); T4 = 
T1 with reduction of 100 kcal of ME (CS100); T5 = T2 with reduction 
of 80 kcal of ME (CA80); T6 = T2 with reduction of 100 kcal of ME 
(CA100); T7 = T3 + emulsifier (L) (CS80L); T8 = T4 + L (CS100L); 
T9 = T5 + L (CA80L); and T10 =  T6 + L (CA100L). The emulsifier 
was included in diets at 0.5 kg/MT (product named Liposorb). Study 
criteria included body weight gain (BWG, kg), feed intake (FI, kg), 
feed/gain ratio (FGR), viability (V, %), and production factor (PF = 
[BWG×V/FGR×age]/100) at 42 d. The data were analyzed using the 
SAS F test for orthogonal contrasts (P ≤ 0.05). The birds supplemented 
with L and with 80 kcal reduction and soybean oil had same (P > 0 .05) 
performance when compared with CS. However, when it was reduced 
100 kcal, the L supplementation was not able to achieve the same (P 
< 0.05) FGR and PF compared with CS. Although, CS100L improved 
(P < 0.05) BWG and FP when compared with CS100. For acid oil fat 
source, CA80L improved (P < 0 .05) FI, but had no effect (P < 0 .05) 
on the other parameters, compared with CA. However, when it was 
reduced 100 kcal, the L supplementation was not able to achieve the 
same (P < 0.05) FI and FGR compared with CA. CA100L improved (P 
< 0.05) V and FP when compared with CS100. In summary, this study 
demonstrated that broiler diets supplemented with L did not affect BWG 
and FGR when it was reduced 80 kcal/kg of ME compared with control 
diets from both fat sources .

Key Words: performance, acid oil, soybean oil

452P   Effects of an emulsifier in diets with different sources of 
oil/fat for broiler chickens. Levy Teixeira*1, Sabrina Alcebiades1, 
Luiz Rombola2, Marc Rovers2, Arno Aa2, and Antonio Bertechini1, 
1Federal University of Lavras, Lavras, Minas Gerais, Brazil, 2Orffa, 
Werkendam, the Netherlands.

The aim of this study was to evaluate the effects of an emulsifier-additive 
on nutrient digestibility and nitrogen-corrected apparent metabolizable 
energy (AMEn) in broilers receiving diets with different sources of oil/
fat levels in the starter (14–21d) and finisher (35–42d) phases. Two 
trials were conducted using mash corn/soybean meal-based diets with 
or without inclusion (350g/ton) of emulsifier (Excential Energy Plus) 
in diets with 0% of source of oil, 4% soybean oil, 4% of poultry fat, 
and 2% of soybean oil/ 2% poultry fat. A total of 640 male Cobb 500 
in the starter and 384 male broilers in the finisher phase were allocated 
(metabolic cages) in a complete randomized design with 8 treatments 
and 8 reps each. Total excreta were collected from d 19 to 21 and from 
d 40 to 42 to determine AMEn, apparent digestibility coefficients for 
dry matter (ADCDM) and crude protein (ADCCP). Data were analyzed 
using ANOVA (PROC GLM/SAS) and CONTRAST test among treat-
ments. In the starter phase, there was no effect (P > 0 .05) for ADCCP, 
but there were effects (P < 0.05) of using emulsifier on ADCDM; treat-
ments with 4% of soybean oil and 4% of poultry fat had higher values 
(73.13 vs 71.21; 73.23 vs 71.62). AMEn was improved (P < 0 .05) by 
71 and 68 kcal/kg when emulsifier was used in the treatments with 4% 
of soybean oil and 4% of poultry fat. In the finisher phase, there was 
no effect (P > 0.05) for ADCCP. However, emulsifier increased (P < 
0.05) ADCDM in the treatments with 4% of poultry fat and the blend 
of oil/fat (74.21 vs 73.11; 75.15 vs 73.37). The AMEn was improved 
(P < 0.05) by 80, 74, and 75 kcal/kg when emulsifier was used in the 
treatments with soybean oil, poultry fat, and soybean oil/poultry fat. In 



Poult. Sci. 95(E-Suppl. 1)152

conclusion, Excential Energy Plus can significantly improve AMEn in 
diets with soybean oil and/or poultry fat.

Key Words: feed additive, broiler, energy, soybean oil, poultry fat

453P   Effects of dietary supplementation of antibiotic, anti-
coccidial, probiotic, and zinc on meat quality of male broilers. 
Xingyong Chen*1,2, Xi Wang1, Kezhou Cai3, Mark W . Schilling4, 
and Wei Zhai1, 1Department of Poultry Science, Mississippi State 
University, Mississippi State, MS, 2College of Animal Science and 
Technology, Anhui Agricultural University, Hefei, Anhui, China, 
3School of Biotechnology and Food Engineering, Hefei University 
of Technology, Hefei, Anhui, China, 4Department of Food Science, 
Nutrition and Health Promotion, Mississippi State University, Missis-
sippi State, MS.

Dietary antibiotic (bacitracin, 50g/ton), anticoccidial (narasin, 54g/ton), 
probiotic (Bacillus subtilis PB6, 5 × 1011 cfu/ton), and zinc (100ppm) 
were evaluated for their impact on broiler breast meat quality. A total 
of 1,344 Ross × Ross 708 male broilers were randomly allocated into 
96 floor pens (14 birds/pen) within 8 blocks by their location. The 
experimental design was a 2 (either × 10 Eimeria-vaccine challenge 
on d 21 or not) × 6 (6 feed additives) factorial arrangement. The 6 
feed additives included corn-soybean meal basal diet (control); basal 
diet with probiotic; zinc; probiotic + zinc; anticoccidial; and anticoc-
cidial + bacitracin. One bird was randomly selected from each pen and 
processed at both d 42 and 55. A 3-way ANOVA was used to test for 
the main effects of challenge, feed additive, time, and their interactions 
using Proc Mixed of SAS 9.4. Partial correlation analysis was conducted 
using Proc GLM . Breasts collected on d 42 exhibited greater pH (P < 
0 .0001), and less shear force (P < 0 .0001), cook loss (P < 0 .0001), fat 
(P < 0 .0001), and collagen content (P = 0.0006), as compared with d 
55. Feed additives did not affect pH on d 55; however, birds fed zinc 
exhibited lower pH than those fed all other additives with exception of 
anticoccidial (P = 0.041) on d 42. Breast muscle fat content was not 
affected by any additives on d 42. However, Eimeria-challenge led to the 
production of breast meat with less fat content from birds fed probiotic 
and processed at d 55 (P = 0.008). When birds were challenged, inclu-
sion of probiotic + zinc led to a greater fat content (P = 0 .048) in breast 
meat from birds harvested on d 55. In addition, greater pH value was 
associated with less shear force (P = 0 .017; P = 0 .009) . Greater protein 
content was correlated with less fat content (P = 0 .024; P = 0 .002) and 
less moisture content (P < 0 .0001; P < 0 .0001) for birds harvested on 
both d 42 and 55 . Feeding zinc and probiotic + zinc led to the produc-
tion of breast meat that differed in pH and fat content when compared 
with broilers fed the basal control diet, which may subsequently affect 
the flavor and texture of meat.

Key Words: Bacillus subtilis, broiler, coccidial, meat quality, zinc

454P   Efficacy of a plant alkaloid extract in broilers compared 
with zinc bacitracin. Anja Pastor*1, Carlos López Coello2, Krimilda 
Valle3, Jose Arce Menocal4, and Ernesto Àvila González2, 1Phytobiot-
ics Futterzusatzstoffe GmbH, Eltville, Hesse, Germany, 2Universidad 
Michoacana de San Nicolás Hidalgo, Morelia, Michoacán, Mexico, 
3Universidad Nacional Autónoma de México, Mexico City, Mexico, 
4Grupo de Asesores en Biotecnologica, Mexico City, Mexico.

Previous research has shown that isoquinoline alkaloids (IQ) from one 
selected Papaveraceae plant and antibiotic growth promoters both have 
anti-inflammatory properties. Therefore, IQs offer a natural solution 
to support growth performance and to maintain an economical broiler 

production. The objective of the study was to evaluate the effects of 
a standardized formulation of IQ (Sangrovit Extra) on growth perfor-
mance of broiler chickens when compared with zinc (Zn) bacitracin. 
Two thousand two hundred as-hatched broiler chicks (Ross 308) were 
randomly allotted to 4 treatments: (1) negative control (NC) – no addi-
tive; (2) positive control (PC) – Zn bacitracin (500 g/t); (3) NC + IQs 
(60 g/t); (4) PC + + IQs (60 g/t). Eleven replicates were applied with 50 
birds per replicate. Birds were housed in floor pens and had ad libitum 
access to feed and water. Mash feed was based on sorghum and soybean 
meal followed breeder’s recommendations and contained coccidiostats 
(starter: nicarbazin, grower and finisher: salinomycin). The experimental 
period was 42 d (d). Final body weight was significantly improved (P ≤ 
0.05), if IQs were applied. No significant differences were found between 
IQs and Zn bacitracin. FCR was improved numerically (P > 0 .05), if Zn 
bacitracin or IQs were used (d0–42: 1.67; 1.65; 1.64; 1.64 for NC; PC; 
NC + IQs; PC + IQs, respectively). Mortality was reduced in birds that 
received either Zn bacitracin or IQs, although the strongest effect could 
be seen in broilers which were fed diets containing a combination (PC 
+ IQs). Thus, mortality was reduced by 2.2%-units (d0–42: 5.8; 4.4; 
4 .6; 3 .6 for NC; PC; NC + IQs; PC + IQs, respectively; P > 0 .05) . The 
positive effects of inclusion of IQs resulted in a numerical improvement 
of the European Broiler Index (370; 386; 390; 392 for NC, PC; NC + 
IQs; PC + IQs, respectively) . The inclusion of a standardized formula-
tion of IQs (Sangrovit Extra) improved performance in broiler chickens 
and was as effective as Zn bacitracin. Furthermore, a combination of 
IQs and antibiotics can lead to synergistic effects . Therefore, IQs offer 
a beneficial and natural solution to support broiler growth performance.

Key Words: broiler, AGP, alkaloid, feed additive

455P   The effects of medium-chain fatty acids (MCFA) on the 
performance and health of turkeys vaccinated with coccidiosis 
vaccine. Theodore P . Karnezos*1, Curtis L . Novak2, Mahmoud Masa-
deh2, Barry W . Koppen2, and Ronald A . Dvorak1, 1PMI Nutritional 
Additives, Arden Hills, MN, 2Purina Animal Nutrition, Shoreview, 
MN.

A 133-d, 82 bird/pen, 4 treatment, 8 replications (32 pens) turkey study 
was conducted to compare the performance, feed conversion and health 
of turkeys fed diets supplemented with MCFA (Vitacy P) while on an 
anticoccidial vaccination program. Treatments were (1) Positive control; 
Coccivac-T + BMD 50 g/ton in the starter through finisher 1 diets + 
STAFAC 20 g/ton in the finisher 2 and 3 diets; (2) Negative control; 
Coccivac-T only; (3) MCFA Full; Coccivac-T + MCFA at 4.0 lb./ton in 
starter + 3 lb./ton in grower + 2 lb./ton in the finisher; (4) MCFA Half; 
Coccivac-T + MCFA at 2.0 lb./ton in starter + 1.5 lb./ton in grower + 
1 lb./ton in the finisher. Pen and feed weights were collected at 56, 83 
and 133d. At 56d, body weights were not different (P > 0 .05) among the 
treatments and feed conversion (FC) of the positive control and MCFA 
treatments tended to be better (P < 0 .08) than the negative control . At 
83d, no differences between the treatments were detected for body 
weight or FC. At 133d, body weights tended to be heavier (P < 0 .098) 
for the positive control (39 .076 lb .) and MCFA treatments (39 .038 lb . 
and 39 .144 lb . for full and half MCFA treatments, respectively) than the 
negative control (37 .875 lb .) . The mortality-adjusted feed conversion 
at 133d was significantly (P ≤ 0.05) better for MCFA Full (2.415) than 
the negative control (2 .551) and similar to the positive control (2 .455) 
and the MCFA Half (2 .463) . These data demonstrate that turkeys on an 
anticoccidial vaccination program fed a diet supplemented with MCFA 
resulted in a mortality adjusted feed conversion and weight gain simi-
lar to that of the antibiotic growth promoter treatment and better than 
the negative control. Total mortality was unaffected by treatment and 
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ranged from 19.82% in the negative control to 15.4% for the MCFA 
Half treatment .

Key Words: medium-chain fatty acids (MCFA), Coccivac-T, turkey, 
weight gain, FCR

456P   Effects of antioxidant supplementation on performance, 
intestinal morphology, and visceral organ mass in broilers fed 
commercial-type diets. Christian H . Ponce*1, Luis Fuentes2, Bety 
Heredia2, Diana Sandoval2, Mario Ortiz2, and Julio Ortiz-Yepez3, 
1Escuela de Medicina Veterinaria, Colegio de Ciencias de la Salud, 
Universidad San Francisco de Quito USFQ, Quito, Pichincha, Ecua-
dor, 2Departamento de Ciencias de la Vida y Agricultura, Universi-
dad de las Fuerzas Armadas ESPE, Sangolqui, Pichincha, Ecuador, 
3Centro de Investigacion traslacional, Carrera de Medicina Veteri-
naria y Zootecnia, Facultad de Ciencias de la salud, Universidad de 
las Americas, Quito, Pichincha, Ecuador.

An experiment was conducted to evaluate the effects of antioxidant 
supplementation on performance, intestinal morphology, and visceral 
organ mass of broilers . A total of 200 d-old Cobb 308 male broilers 
were used in a completely randomized design. Broilers were randomly 
assigned into 4 treatments, 5 replications per treatment (10 birds/pen) 
for 49 d. Experimental treatments were (1) Control, without antioxidant 
supplementation (Ctrl); (2) Vitamin E supplementation (VitE; Tocoph-
eryl acetate, 30 UI/kg of diet; (3) Extract of Spirulina supplementation 
(Spi; 2% of the diet; resulting on 40 mg/kg of phycocyanin); and (4) 
Vitamin E + Spirulina supplementation (VitE+Spi, 30 UI/kg of diet of 
Vit. E + 2% of the diet of espirulina. Commercial diets were fed ad libi-
tum in a crumble form in 3 phases: 1–10 (starter), 11–21 (grower), and 
22–49 (finisher) d. Body weight gain (BWG), feed intake (FI, corrected 
for mortality) and feed conversion rate (FCR) were measured weekly. 
Visceral organ samples from 2 birds per treatment were collected and 
measured individually at each week. Jejunum sections were processed 
for histological analysis. Feed intake was decreased by antioxidant 
supplementation on d 1 to 14 and d 1 to 21 (P < 0 .024) . From d 1 to 28 
and d 1 to 35 broilers fed Spi and VitE+Spi had greater FI than broil-
ers fed only Vit E (P = 0 .042) . Birds fed VitE+Spi had improved FCR 
than birds fed VitE and Spi alone (P = 0.019) from d 1 to 42. However, 
overall performance was not altered by antioxidant supplementation (P 
= 0.339). Jejunum villus width was greater for animals fed antioxidants 
compared with control (P = 0.024) at d 28. Gizzard and liver mass were 
greater by birds fed antioxidant (P = 0 .024) . Spirulina supplementation 
had greater gizzard, liver and pancreas mass than VitE (P = 0 .032) on 
d 21. Proventriculus, duodenum and Pancreas mass were greater for 
birds fed antioxidants (P = 0 .031) on d 42 . Data from this experiment 
suggest limited benefit of feeding antioxidants on growth performance. 
However, the effect of antioxidants on some traits of visceral organ mass 
of antioxidant requires further exploration.

Key Words: antioxidant, growth performance, villus, organ mass

457P   Effect of Bredol on metabolizable energy in broiler diets. 
Everton Luis Krabbe*1, Edenilse Goppinger2, Valdir Silveira de 
Avila1, Diego Surek1, and Anne-Cathrine Samuelsson3, 1Embrapa 
Swine and Poultry, Concordia, SC, Brazil, 2Federal University of 
Pelotas, Pelotas, RS, Brazil, 3AkzoNobel, Stenungsund, Sweden.

Pellet quality is an important factor affecting broiler performance. Addi-
tives that can improve feed physical parameters, especially when feed 
plant production standards are not well optimized, can be economically 

important . There is a lack of practical information especially related to 
the whole broiler production chain. A metabolism trial was carried out 
to evaluate the effect of an emulsifier (Bredol) in pre-starter broiler diets 
with increasing AME content. The diets were formulated based on corn 
and soybean meal, then ground, mixed and pelleted under normal feed 
mill conditions (80°C and 12 s conditioning) using a die with 4,75 mm 
hole diameter and 50 mm length . Four metabolizable energy levels, 
2,900, 3,000, 3,100, 3,200 kcal/kg AME with and without the use of 
Bredol (400 g/ton) were produced, resulting 8 different diets/treatments. 
All other nutrients were set to meet animal requirements. In total, 1,152 
day-old broiler were used, Cobb 500, male, housed in metabolic cages, 
distributed in completely randomized block design with 12 replicates 
and 12 birds per cage. The AME was evaluated from 10 to 14 d age, 
consisting of the total excreta collection method . In all AME levels, 
Bredol increased statistically (P ≤ 0.05) the AME content of the diets, 
varying from 19 up to 120 kcal/kg of diet, corrected to the same dry 
matter content. We concluded that Bredol was able to raise the AME 
by 58 kcal/kg in average, when the dietary AME ranged from 2900 up 
to 3200 kcal/kg, in 14 d old broiler diets.

Key Words: pellet, birds, emulsifier, digestibility

458P   Replacement of antibiotic growth promoters by commer-
cially available eubiotics. Luis M . Indio1, Juan C . González1, Javier 
O. Bohórquez1, and Carlos A . Lozano*2, 1Avícola San Isidro, Isidro 
Ayora, Guayas, Ecuador, 2DSM Nutritional Products Colombia S.A., 
Bogotá, Colombia.

Due to the public concern over antibiotic-resistant bacteria and the recent 
restrictions of antibiotic usage in animal feed, the poultry industry has 
started to evaluate alternatives to antibiotic growth promoters (AGP) 
such as probiotics, essential oils, and organic acids . The objective of 
this study was to assess the effect of replacing dietary AGP by a com-
bination of a commercial microbial feed additive (Bacillus spp .; BC), 
and a commercial mix of essential oils and benzoic acid (Crina Poultry 
Plus; CPP) on broiler performance, footpad dermatitis (FPD), and gut 
morphology. A total of 2,400 broiler males (Ross 308) were randomly 
allocated to 2 treatments: T1, a basal diet supplemented with enramycin 
(10 ppm); and T2, a basal diet supplemented with BC (1.17 × 109 cfu/g) 
+ CPP (300 ppm) with 15 replicates/treatment and 80 birds/replicate. 
The basal diet contained wheat/corn/soybean meal, and rendering meal. 
The birds were placed at a density of 16 birds/m2 on reused litter (rice 
hulls). BW, feed intake, and FCR were assessed weekly to process-
ing age (49d). At processing, carcass, portion yields, and weights and 
lengths of duodenum, jejunum, and ileum were recorded. In addition, 
ileum samples were collected for histology, fecal samples were taken to 
estimate oocysts per gram (OPG) of fecal matter, and a score of footpad 
dermatitis (FPD) was assessed. Footpad lesions were scored as 1 to 3 
with no lesion in score 1 and most severe lesion in score 3. Data were 
analyzed by ANOVA; effects were considered significant at P < 0 .05 . At 
7 d, T2 had a greater BW than T1 (P = 0.0145), but no difference were 
seen at other ages . No differences (P > 0.05) were found on meat yield, 
gut characteristics, FPD scores and OPG . The absence of differences 
between treatments on the variables analyzed in this trial, allows us to 
conclude that the combination of BC and CPP can be implemented as 
an alternative to AGP in poultry feed without detrimental effects on 
performance .

Key Words: antibiotic growth promoter (AGP), probiotic, phyto-
genic, synbiotic, eubiotic
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459P   Effects of direct-fed microbial supplementation on skin 
pigmentation and productive performance of broiler chickens 
challenged with Eimeria sp. Julissa Perez-Rubio*1, Aleyda S . Her-
nandez-Cazares1, Arturo Pro-Martinez2, Victor M . Valdes-Narvaes3, 
David J . Chan-Diaz3, and Victor Brito4, 1Colegio de Posgraduados, 
campus Cordoba, Amatlan de los reyes, Veracruz, Mexico, 2Colegio 
de Posgraduados, campus Montecillos, Texcoco, Estado de Mexico, 
Mexico, 3Trouw Nutrition Mexico SA de CV, Zapopan, Jalisco, 
Mexico, 4SynBios SA de CV, Queretaro, Queretaro, Mexico.

In Mexico, the skin pigmentation (yellowness, YN) of broiler chickens 
is an important quality attribute and is severely affected during coc-
cidiosis . We evaluated the effects of direct-fed microbial supplementa-
tion (DFMs; Bacillus licheniformis, 16 × 105 cfu/g feed, d 1 to 14; B. 
subtilis, 8 × 105 cfu/g feed, d 15 to 42) and an Eimeria challenge (EC) 
at d 11 (E. acervulina, 1 × 105; E. maxima, 2.5 × 103; E. tenella, 2.5 × 
103 oocysts) on YN and production performance . One-day-old chicks 
(Ross 308) were randomly allocated to 24 pens (39 chicks / pen) and 
assigned to one of 4 treatments: no EC and no DFMs diet (no EC-no 
DFMs); a no EC and a DFMs diet; an EC and no DFMs diet; or a EC 
and DFMs diet. Body weight gain (BWG), feed intake (FI) and feed 
conversion (FC) was recorded weekly. Mortality was recorded daily. 
The YN (*b, Minolta-CR-400) was measured at d 32 and 42. Data was 

analyzed as a 2-way ANOVA (Sigma Stat; Jandell Scientific Software), 
the means separated by the Tukey test, and significance declared at P < 
0.05. The YN of live birds was not affected by DFMs at any age, but YN 
was lower in EC birds than in no EC birds at d 32 (14.2 vs. 20.6 ± 0.38) 
and at d 42 (20.5 vs. 23.8 ± 0.46). In hot carcasses, YN was higher in 
EC-DFMs birds than in EC-non DFMs birds (42 .7 vs 40 .0 ± 0 .73) . No 
EC birds were naturally infected (89.5 × 103 oocysts/g of feces, d 39) 
and shed more oocysts than EC birds (1.7 × 103 oocysts / g of feces); 
however, the YN was not different between No EC - DFMs birds (39.8) 
and the EC – non DFMs birds (43 .1) . The DFMs did not affect productive 
performance, but the EC reduced the BWG at wk 2, 3 and 4. In no EC 
birds there was an unexpected reduction on BWG at wk 6, compared 
with EC birds, which may be due to the natural infection. The FI (wk 2 
and 3) and FC (wk 2, 3 and 4) was negatively affected by the EC com-
pared with the no EC birds. Mortality was affected neither by DFMs 
nor EC . We concluded that the DFMs can reduce the negative impact 
of coccidiosis on YN, and may complement anti-coccidian programs .

Key Words: coccidiosis, skin pigmentation, direct-fed microbial, 
performance, broiler chickens

460P   Withdrawn
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461P   Evaluation of increasing levels of zinc methionine 
hydroxyl analogue chelate on male growth. Austin T . Jasek*SC1, 
Kyle D. Brown1, Katie Burchfield1, Robert E . Buresh2, Mike Roux2, 
Christine Z . Alvarado1, Rocky E . Latham1, and Jason T . Lee1, 1Texas 
AgriLife Research, College Station, TX, 2Novus International Inc., St. 
Charles, MO.

The effect of increasing levels of zinc methionine hydroxyl analog 
chelate (ZMHAC) on male broiler growth was evaluated. Three 
experimental treatments were used in the evaluation; 30 ppm, 40 ppm, 
and 60 ppm and a control that contained 100 ppm of zinc sulfate . All 
other trace minerals were fed at consistent concentrations. Each treat-
ment included 15 replicates with 22 chicks place per replicate pen. A 
large basal diet was manufactured free of a trace mineral premix and 
methionine. Custom trace mineral premixes for each treatment were then 
added along with methionine as increasing ZMHAC in turn increased 
the amount of methionine contributed to the diet. Broilers were fed a 
3-phase dietary program consisting of a starter fed from d 1 to 15 of 
age, a grower fed from d 15 to 28 of age, and a finisher fed from d28 to 
d 42 of age. Broilers were weighed and feed consumption determined 
on days of dietary changes . At the conclusion of the trial on d 42, birds 
were weighed individually to calculate a coefficient of variation for 
each replicate pen. Regression analysis was conducted to determine 
effect of increasing ZMHAC level on body weight, feed consumption, 
mortality-corrected feed conversion ratio (FCR), and flock uniformity. 
Individual comparisons were conducted between each of the 3 levels 
of ZMHAC and zinc sulfate . Individual comparisons of each level of 
ZMHAC to zinc sulfate did not result in any significant differences 
in final body weight or FCR. During the starter phase of production, 
increasing ZMHAC level was related to a linear increase in feed conver-
sion ratio and reduction in body weight. Following the starter phase, no 
linear relationships were observed with increasing ZMHAC level and 
average male body weight, feed consumption or feed conversion ratio. 
At the conclusion of the trial, increasing zinc concentration improved 
pen uniformity evidenced by a linear reduction in coefficient of variation. 
In conclusion, these data suggest that reducing zinc levels to 30 ppm 
of ZMHAC does not negatively affect growth performance although 
increasing that level can result in improved flock uniformity.

Key Words: zinc, performance, broiler, uniformity

462P   Effects of trace mineral sources on bioavailability 
and function in broiler chickens. David F . Calabotta*, Kevin C . 
DeHaan, Troy J . Wistuba, A . Bruce Johnson, Wendell A . Knehans, 
and James D . Chapman, Phibro Animal Health Corporation Inc., 
Teaneck, NJ.

Studies utilizing broilers were conducted to determine the effects of 
trace mineral sources on bioavailability . Mineral bioavailability is an 
important factor in determining nutrient matrix values used by nutrition-
ists. In trial 1, 1,040 Ross-708 broilers were fed diets at various zinc 
levels (0, 10, 20, 30, and 40 ppm added Zn) from 3 zinc sources: zinc 
sulfate (positive control), zinc oxide (negative control), and GemStone 
Zinc (metal amino acid complex from Phibro) . Feeding GemStone 
resulted in improvements (P < 0.05) in body weight, feed intake, bone 
ash %, liver zinc, and tibia zinc compared with the positive and negative 
controls . Trial 2 utilized 3,000 mixed-sex broiler chicks in a pen setting 
to determine the impact of increasing GemStone zinc and manganese 

on live performance, bone ash and coccidial lesions compared with a 
negative (100 ppm Zn and Mn as sulfates) and positive (140 ppm Zn and 
Mn from sulfates) control diet. At 42 d, body weights were significantly 
increased (P < 0 .05) and 0–42 d feed:gain decreased (P < 0.05) with 
increasing levels of GemStone when fed at 40 ppm Zn/Mn compared 
with the negative control. At 49 d, body weights were increased (P < 
0 .05) and 0–49 d feed conversion decreased (P < 0.05) with increas-
ing levels of GemStone when fed at 30 and 40 ppm Zn/Mn, compared 
with the negative control. Day 43–49 data were similar to earlier data. 
Also, lesion scores were improved (P < 0.05) with increasing levels of 
GemStone over the control at both 21 and 49 d of age . GemStone at 40 
ppm Zn and Mn provided better performance (P < 0.05) compared with 
either the negative or positive control . Trial 3 used 12 test treatments 
with 12 replicates per treatment to compare commercially available 
sources. Results showed that GemStone, along with other premium 
chelated mineral sources, improved bioavailability and performance 
when compared with negative (100 ppm Zn/Mn) and positive controls 
(140 ppm Zn/Mn). In summary, GemStone provided similar or better 
bioavailability and performance compared with other organic-trace-
mineral sources .

Key Words: organic trace mineral, bioavailability, zinc, manganese, 
chelation

463P   Comparison of bone mineralization measured by dual 
energy X-ray absorptiometry and tibia and toe bone characteris-
tics in broilers fed varying dietary calcium and non-phytate phos-
phorus levels. Anne-Sophie Valable*SC,1,2, Agnès Narcy2, Michel 
Duclos2, Greg Page3, and Marie-Pierre Letourneau-Montminy1, 
1Laval University, Quebec, QC, Canada, 2INRA Poultry Research 
unit, Nouzilly, France, 3Trouw Nutrition Agresearch, Guelph, ON, 
Canada.

Different bones and criteria can be used to assess bone mineralization . 
Whole body bone mineral content (BMC) was compared with tibia ash 
weight and breaking strength (BS) and toe ash weight. A total of 3,600 
Ross 708 broilers were randomly divided into each of 10 replicate pens 
of 6 dietary treatments. Broilers were fed a common starter diet from 
d0 to d10. From d 10 to d 21, broilers were fed a positive control (C+: 
0.90% Ca, 0.39% nPP), a negative control (C-: 0.71% Ca, 0.35% nPP) 
or a low Ca and nPP diet (L: 0.60% Ca, 0.30% nPP). From d 21 to d 
37, the levels in C+, C- and L diets were respectively 0.85, 0.57 and 
0.48% Ca and 0.35, 0.29 and 0.24% nPP. Six dietary sequences were 
tested: C+C+, C-C-, LC+, LC-, C-L and LL . At d 21 and d 37, 10 birds 
per treatment were slaughtered, frozen at −20°C and scanned with dual 
energy x-ray absorptiometry (DXA) to estimate whole-body BMC. Tibia 
and toe were then collected to assess ash weight and tibia BS. Pearson’s 
regression analysis was performed to predict whole-body BMC based 
on other bone criteria as well as the effect of dietary treatments on this 
relation. For both phases (d10 to d21 and d21 to d37), BMC was best 
correlated with tibia ash weight (74 and 85%, P < 0.001) followed by 
toe ash weight (50 and 68%, P < 0.001) and BS (37 and 51%, P < 0 .01) . 
Accordingly, BMC was better predicted by tibia ash weight (d 21 and 
d 37, R2 = 55 and 73%), than toe ash weight (d 21 and d 37, R2 = 31 
and 53%) or BS (d 21 and d 37, R2 = 25 and 41%). Dietary treatments 
influenced the intercept of the relation between BMC and BS at d 21 
and d 37 (P = 0 .02 and P < 0.01), and that of BMC and toe ash weight 
at d 37 (P = 0.01), but not the slope. The correlation improved with 
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increasing body weight (age). In conclusion, tibia ash weight appeared 
to be a strong predictor of whole-body bone mineralization in broiler

Key Words: bone mineralization, bone ash, dual energy X-ray 
absorptiometry, bone strength, broiler

464P   Total replacement of inorganic microminerals with 
reduced levels of proteinates in laying hen diets: Effect on 
productive performance, egg characteristics, and bone quality. 
Tuoying Ao*, Marquisha A. Paul, Lizza M. Macalintal, Anthony J. 
Pescatore, Austin H . Cantor, Ryan S . Samuel, Mike J . Ford, and Karl 
A. Dawson, Alltech-University of Kentucky Nutrition Research Alli-
ance, Lexington, KY.

Research data has indicated that microminerals provided in the form of 
proteinates (Bioplex, Alltech Inc .) are more bioavailable than their cor-
responding inorganic salts. The objective of this study was to evaluate 
the effect of replacing inorganic microminerals with reduced levels of 
proteinates in the diets on productive performance, egg characteristics 
and bone quality of laying hens. Day-old Hy-Line W-36 pullets were 
fed corn-soybean meal-based diets supplemented with Cu, Mn, Fe and 
Zn at commercial levels (CL) in the form of inorganic salts or at 20, 
25 or 30% of CL in the form of proteinates. At 17 wk of age, 7 groups 
of 12 pullets from each of the 4 treatments were transferred to layer 
cages (2 birds/cage) according to a randomized complete block design 
and switched to layer diets that corresponded with the previous growth 
period treatment. Dietary treatments continued through 70 wk of 
production. There were no effects of dietary treatments on overall egg 
production (average = 80.1%), feed intake (average = 97.4 g/bird/d), 
and feed conversion ratio (average = 1.46 kg/dz). Egg weight (average 
= 58.2 g), percent eggshell (average = 8.5%) and eggshell breaking 
strength (average = 2.70 kg) were not affected by dietary treatments. 
No effect of dietary treatments on bone ash, bone-breaking strength, 
the concentration of Zn, Fe and Cu in bone ash or liver was detected. 
However, the concentration of Mn in bone ash and liver from layers 
fed diet containing CL in the form of inorganic salts was higher (P < 
0 .05) than that from layers fed the other treatment diets . The results of 
this study indicate that dietary supplementation of microminerals as 
proteinates at 20% of the levels of inorganic salts typically found in 
commercial diets can support egg production, body weight, egg weight 
and shell and bone quality of white egg laying hens.

Key Words: laying hen, micromineral, proteinates, egg production, 
shell quality

465P   The effects of zinc supplementation from two sources on 
egg quality and bone health in laying hens. Kelli M . Martin*SC, 
Napoleon Vargas Jurado, and Sheila E . Purdum, University of 
Nebraska-Lincoln, Lincoln, NE.

The objective of this experiment was to compare Zn sources and levels of 
supplementation on laying hen production, bone health and egg quality. 
Bovan White Leghorn hens were fed 1 of 6 dietary treatments in a 2 × 
3 factorial arrangement of 2 sources of Zn (AvailaZn or Zn sulfate) and 
3 levels of supplementation (40, 80, or 120 ppm). Hens were provided 
110 g/hen/day of feed ad lib. Treatments were randomly assigned to 60 
cages with 4 hens in each cage. From 19 to 25 wk of age, the hens were 
housed in a tiered manure belt housing system providing 81 .9 cm2/hen. 
The hens were then moved to another tiered manure belt housing system 

with 5 hens to a cage in 48 cages providing 97.2 cm2/hen where they 
remained for the rest of the experiment. Hens were kept in the same 
dietary treatments and blocks were rearranged to provide 8 replicates 
per treatment . Data collection included FI, EP, EWt, egg components, 
eggshell strength, BWt, bone mineral density, and manure Zn content . 
Data were analyzed using Proc Glimmix in SAS. No significant differ-
ences or interactions were found for FI, EP, EWt, % eggshell, BWt gain, 
or bone mineral density . The source by level interaction for eggshell 
strength approached significance (P < 0.08) with 40 ppm Zn sulfate and 
80 ppm AvailaZn showing the highest breaking strength. The moderate 
level of Zn (80 ppm) showed significantly higher (P < 0 .05) breaking 
strength at 36 and 45 wk of age regardless of source. For manure Zn 
content AvailaZn showed significantly higher amounts of Zn excretion 
(P < 0 .0001) for all levels of supplementation . For both sources, the 
highest level (120 ppm) showed a significant increase in Zn excretion 
(P < 0.0001). Overall, AvailaZn at 120 ppm showed significantly higher 
(P < 0 .0001) Zn excretion in the manure than all other treatments . Based 
on these results AvailaZn fed at moderate levels may improve eggshell 
breaking strength, but may increase Zn excretion in the manure .

Key Words: zinc, laying hen, nutrition, bioavailability, mineral

466P   Influence of antagonists on broiler performance when 
fed either an inorganic or organic zinc source. Michael D . Sims1, 
Jack E . Garrett*2, and Greg A . Nunnery2, 1Virginia Diversified 
Research Corp., Harrisonburg, VA, 2QualiTech Inc., Chaska, MN.

This study was conducted to evaluate the influence of antagonists on the 
performance of broilers from hatch to 41d of age . High levels sulfates 
(dried distillers grains, DDG) and high levels of copper have been 
observed to influence bioavailability of zinc from the digestive tract. 
Cobb 500 straight run broiler chicks (7,920 birds) were randomly allotted 
to 264 pens (30 birds/pen). Each pen contained 1 water fountain and a 
50 lb capacity feed tube. Dimensions of the pens were 4’ × 5′ providing 
a stocking density of 0 .7 ft2/bird. Each pen had approximately 3 inches 
of new wood shavings at d 0 with 4 lb of used low pathogen load litter 
added at Day 4 to mimic conditions encountered in commercial poultry 
houses. Treatments in this study were Zn source [sulfate vs organic; poly-
saccharide chelated (SQM)], antagonists (Control, DDG and 250 ppm 
Cu (HiCu; tribasic copper chloride)] and level of zinc supplementation 
0, 20, 40, 60, 80 and 100 ppm. Bird performance was measured at 21 and 
41 d of age, including weight, feed efficiency (FCR), and mortality. The 
study was analyzed as a 2x3x5 factorial model augmented with a control 
within each antagonist grouping. Bird wt at 21 d of age was improved 
(P < 0.06) by the addition of organic zinc; while HiCU reduced bird 
wt (P < 0.01). Final wt was not significantly influenced by zinc source 
yet showed similar response as 21 d wt; while birds receiving HiCu 
had lower final wts (P < 0 .01) . FCR and FCR adjusted for mortality 
showed a trend (P < 0.10) and significant (P < 0.05) improvement with 
the addition of SQM, though there was an interaction (P < 0.01) with 
supplementation level; birds receiving DDG had improved (P < 0 .01) 
FCR compared with the other treatment although there was a significant 
(P < 0.01) interaction with level of zinc supplementation. Mortality was 
improved (P < 0 .05) by HiCu treatment . Results of this study indicated 
that the addition of an organic Zn source provided better performance 
than an inorganic Zn source. The influence of antagonists was not clearly 
defined by the results of this study.

Key Words: zinc, antagonist, broiler, SQM, copper
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467P   Effects of dietary calcium, nonphytate phosphorus, and 
phytase on growth performance and bone ash of Pekin ducks. 
Ming Xie1, Cristiano Bortoluzzi*2, Roselina Angel3, Wenting Li3, 
Yael Noy4, and Todd J . Applegate2, 1Institute of Animal Science, 
Institute of Animal Sciences, Chinese Academy of Agricultural Sci-
ences, Beijing, China, 2Department of Poultry Science, The Uni-
versity of Georgia, Athens, GA, 3Department of Animal and Avian 
Sciences, University of Maryland, College Park, MD, 4Miloubar 
Feedmill, MP Ashrat, Israel.

A dose-response experiment with different calcium (Ca) and nonphy-
tate phosphorus (nPP) concentrations and supplementation of phytase 
was conducted to investigate the effects of Ca × nPP and Ca × phytase 
interaction on performance of starter Pekin ducks (1–12 d of age; 6 to 
7 cages/diet; 22 birds/cage). A total of 15 dietary treatments were used: 
12 treatments according to 3 × 4 factorial design with 3 concentrations 
of Ca (0.75, 1.15, and 1.55%) and 4 concentrations of nPP (0.35, 0.45, 
0.55, and 0.65%) and 3 additional treatments containing 1,500 FTU/kg 
phytase at 0.75, 1.15, and 1.55% Ca with a 0.35% of nPP. An interaction 
of growth performance between Ca and nPP (P < 0.05) was observed. 
According to a quadratic broken-line regression, the nPP requirements 
for BW gain was 0.49% at 0.75% of Ca and 0.56% at 1.15% Ca. 
However, at 1.55% of Ca, BW gain increased as dietary nPP increased 
from 0.35 to 0.65% without reaching a plateau. No Ca by nPP inter-
action was observed for tibia ash. A main effect of Ca, however, was 
observed with birds fed 0.75% Ca having at least 2.0 percentage units 
more tibia ash than those fed 1.15 or 1.55% Ca. Supplementation of 
phytase counteracted the growth suppression caused by a wide Ca:nPP 
ratio. A significant Ca × phytase interaction was observed for growth 
performance (P < 0.05); with the supplementation of 1,500 FTU/kg of 
phytase in 0.35% nPP diets, the BW gain was improved by 32, 53, 74% 
at 0.75, 1.15, and 1.55% of Ca, respectively. No phytase by Ca interac-
tion was observed for tibia ash, yet phytase supplementation increased 
tibia ash percentage by 13 .2 percentage units over unsupplemented birds . 
In summary, the nPP requirements of ducks from hatch to 12 d of age 
increased as dietary Ca increased, and ranged from 0.49 and 0.75% nPP 
at 0.75 and 1.15% Ca, respectively.

Key Words: duck, calcium, phosphorus, phytase

468P   Withdrawn

469P   Effects of available phosphorus source and concentration 
on sodium phosphate type IIb co-transporter, vitamin D-1α-
hydroxylase, and vitamin D-24-hydroxylase mRNA gene expres-
sion in broiler chicks. Islam I . Omara*1,2, Connie T . Mou1, Michael 
E . Persia1, and Eric A . Wong1, 1Virginia Tech, Blacksburg, VA, 2Cairo 
University, Giza, Egypt.

This experiment was conducted to study the effects of different levels 
and sources of available phosphorus on intestinal phosphorus transport-
ers and liver and kidney vitamin D-1α-hydroxylase and 24-hydroxylase 
activity at 7 d and 14 d of age. The diet containing 0.20% available 
phosphorus, considered as a negative control (NC) diet with a low con-
centration of available phosphorus, was formulated without additional 
phosphorus. The experimental diets were formulated to contain 0.24, 
0.28, 0.32 and 0.36% available phosphorus by adding 2 sources of phos-
phorus (di-calcium phosphate and nano-calcium phosphate) . Moreover, 
the di-calcium phosphate diet containing 0.32% available phosphorus 
was supplemented with 2 levels of phytase enzyme (500 and 2000 FTU/
kg). Chicks were fed 11 dietary treatments. A total of 792, one-day old 
unsexed broiler chicks (Cobb 500) were used with 72 birds replicated 
into 8 groups, with 9 birds/replicate. Intestinal sodium phosphorus co-
transporter (NaPi IIb) mRNA expression linearly decreased (P < 0 .05) 
when dietary nonphytate phosphorus increased from 0.20 to 0.36% at 
d 7 and 14 in duodenum. NaPi IIb mRNA decreased with increasing 
phytase supplementation at d 7 and 14. In liver; amounts of 1α- and 
24-hydroxylase mRNA at d 7 and 14 differed (P < 0.0001) between 
experimental treatments. The expression of 1α- and 24-hydroxylase 
mRNA amount did not differ (P > 0 .05) by phytase supplementation at 
d 7, but did differ (P < 0 .05) at d 14 . In kidney, different experimental 
treatments had no effect (P > 0.05) on amounts of 1α- and 24-hydroxy-
lase mRNA at d 7 and 14 . The integration of nanotechnology and gene 
expression in the present study would give new insights into studying 
bioavailability of selected minerals in target tissues at both cellular and 
sub-cellular levels .

Key Words: phosphate, transporter, 1α-hydroxylase, 24-hydroxylase, 
vitamin D

470P   Withdrawn
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471P   The application of cultures of Lactobacillus spp. isolates 
with or without a chitosan coating reduce Campylobacter jejuni 
on chicken wingettes. Komala Arsi*1, Ann Woo-Ming1, Basanta R . 
Wagle1, Sandip Shreshta1, Abhinav Upadhyay1, Pam J . Blore1, Ann 
M . Donoghue2, Kumar Venkitanarayanan3, and Dan J . Donoghue1, 
1Poultry Science Department, University of Arkansas, Fayetteville, 
AR, 2Poultry Production and Product Safety Research Unit, Agri-
cultural Research Service, USDA, Fayetteville, AR, 3Department of 
Animal Science, University of Connecticut, Storrs, CT.

The presence of Campylobacter on poultry products remains one of 
the leading causes for foodborne illness in the US Increased consumer 
preference for more natural and less processed food products has led 
to an increased focus on alternative forms of improving food safety . 
The use of lactic acid bacteria (LAB) as a bio-preservative/protective 
culture in food commodities is an ancient technology that is safe and 
natural . In this study, 13 Lactobacillus spp. isolates were screened 
by a chicken skin dipping model to evaluate the potential to reduce 
C. jejuni counts . From this screening assay, 4 isolates (isolates 1–4) 
which produced >1 log reduction in Campylobacter counts were chosen 
for further evaluation in a chicken wingette model. In replicate trials, 
chicken wingettes were inoculated with C. jejuni (~7 Log cfu/mL) and 
treated with either a Lactobacillus broth culture or a BPD control (n = 5 
samples/treatment). Campylobacter counts were determined at d 0, 1, 3, 
5 and 7 post treatment . Campylobacter counts were log10 transformed 
and data were analyzed using ANOVA with the PROC MIXED proce-
dure of SAS. Isolates 2 or 4 were the most effective and consistently 
reduced Campylobacter counts from d 1 through d 7 (P < 0 .05) . For 
the follow-up studies, isolates 2 and 4 were subjected to additional 
testing aimed at assessing potential synergistic activity between the 
Lactobacillus isolates and their combination with a 2% chitosan (CH) 
solution. Each isolate by themselves or when combined with chitosan 
significantly reduced Campylobacter counts (~1–2.5 log reduction) from 
d 1 through 7 . Even though CH or isolates+CH applied as a coating 
reduced Campylobacter counts on wingettes, they did not demonstrate 
any additional reduction compared with the isolates alone. Our studies 
demonstrate the potential use of Lactobacillus isolates as a protective 
culture to reduce Campylobacter counts on raw poultry.

Key Words: Campylobacter jejuni, food safety, poultry, protective 
culture

472P   Validation of peroxyacetic acid, lactic acid, lactic and 
citric acid blend, and sodium hypochlorite against unstressed- 
and cold-stress-adapted salmonella on broiler carcasses and 
wings processed at a small USDA-inspected slaughter facility 
in West Virginia. Lacey Lemonakis*SC, KaWang Li, Jordan Garry, 
Payton Southall, and Cangliang Shen, West Virginia University, 
Morgantown, WV.

Locally grown and pastured poultry products produced by small pro-
cessors are of particular food safety concern due to their exemption of 
USDA-FSIS Poultry Products Inspection Act . This study aims to evalu-
ate the efficacy of commercial antimicrobials to inactivate unstressed- 
and cold-stress-adapted Salmonella on broiler carcasses and wings 
processed at a small USDA-inspected facility in West Virginia . Fresh 
chilled broiler carcasses and wings were spot inoculated with a 2-strain 
mixture of unstressed and cold-stress-adapted (4°C, 5 d) Salmonella 
Typhimurium and Tennessee (5 .5 to 6 .0 log10cfu/mL of sample rinsate), 

and then undipped, or dipped into peroxyacetic acid (PAA; 1,000 ppm), 
lactic acid (LA; 5%), lactic and citric acid blend (LCA; 2.5%), and 
sodium hypochlorite (SH; 70 ppm) for 30 s without (carcasses) or with 
2-min drain (wings). Surviving bacteria were recovered in buffered 
peptone water (60 s shake) and spread-plated onto tryptic soy agar, 
XLT-4 and HardyCHROM agar for analyzing total microbial population 
and Salmonella, respectively. Data (3 replicates/3–4 samples/replicate) 
were analyzed using the Mixed Model procedure of SAS. For broiler 
carcasses, unstressed and cold-stress-adapted Salmonella behaved 
similar (P > 0.05) after treated with antimicrobials, and the reduction 
ranged from 0 .6 to 1 .7 log10cfu/ml (unstressed) and 1.0 to 1.9 log10cfu/
ml (cold-stress-adapted), respectively, based on the counts recovered on 
XLT-4 and HardyCHROM agar. For chicken wings, reduction of cold-
stress-adapted cells (0 .9 to 1 .7 log10cfu/ml) were greater (P < 0 .05) than 
those from the unstressed cells (0 .5–1 .3 log10cfu/mL). Reduction of Sal-
monella on carcasses and wings increased in the order SH ≤ LCA < LA 
< PAA, irrespective of unstressed or cold-stress-adapted cells . Results 
indicated that applying post-chilling antimicrobial dipping treatments 
was an effective intervention to reduce Salmonella contamination on 
locally raised and processed broiler carcasses and wings.

Key Words: pastured broiler carcass, wing, Salmonella, antimicro-
bial, cold stress

473P   Gut microbiota-mediated suppression of virulence and 
antibiotic resistance of Salmonella Typhimurium DT104 by Origi-
nal XPC in an in vitro poultry model. Victor L . Nsereko*1, Tom 
Weigand1, Steve A . Carlson2, Joan M . Butler1, Don R . McIntyre1, 
and Mark F . Scott1, 1Diamond V, Cedar Rapids, IA, 2Department of 
Biochemical Sciences, Iowa State University College of Veterinary 
Medicine, Ames, IA.

Salmonella is typically avirulent in poultry; however, it can become 
a formidable food safety hazard when chicken meat is contaminated 
during processing. In a recent study, when broilers were challenged 
with a multiple-antibiotic resistant (MAR) Salmonella Typhimurium 
(ST) strain, feeding Original XPC (XPC) mitigated this risk by reducing 
fecal shedding, large intestinal colonization, virulence and antibiotic 
resistance when compared with the control (CON). In view of these 
findings, we utilized an in vitro model to determine whether the effects 
of XPC on virulence and antibiotic resistance of ST are: (1) independent 
of the host animal; and, (2) dependent on the presence of gut microbiota . 
Fresh excreta obtained from broilers, fed a finisher diet, served as the 
source of gut microbiota . Under anaerobic conditions, buffered (pH 
6 .8) excreta, or buffer alone; predigested (pepsin, pH 2 .0; pancreatin, 
pH 7.0) finisher diet, with or without XPC (n = 5); and MAR ST strain 
DT104 (1 × 104 cfu/mL, final concentration) were added to vessels and 
incubated with continuous mixing (39°C; 24 h). ST was enumerated 
(XLT4 medium), and then subjected to a human epithelial type 2 cell 
invasion assay, as a measure of virulence . Antibiotic sensitivity testing 
was performed using chloramphenicol (32μg/mL). The entire trial was 
performed 3 times, and the combined data analyzed using JMP . When 
treatments were incubated in buffer only, ST from CON and XPC had 
similar (P > 0.05) invasiveness (1.0%); however, antibiotic resistance 
was marginally lower (P < 0.05) for XPC (84%) than CON (98%). In 
the presence of gut microbiota, XPC reduced invasiveness of ST (P < 
0.05) from 1.1% (CON) to 0.5% (XPC) and antibiotic resistance (P < 
0.05) from 90% (CON) to 35% (XPC). Feeding XPC suppressed viru-
lence and re-established antibiotic sensitivity of ST, at least in part, via 
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its influence on gut microbiota. Furthermore, the observed effects were 
not dependent on extra-intestinal host factors .

Key Words: Salmonella, food safety, virulence, antibiotic resistance

474P   Microbiological quality assessment, Salmonella and 
Campylobacter prevalence in broiler ceca and ready-to-cook car-
casses. KaWang Li*SC, Lacey Lemonakis, Brian G . Glover, Jordan 
Garry, Payton Southall, Joseph S . Moritz, and Cangliang Shen, West 
Virginia University, Morgantown, WV.

Foodborne pathogens are concerns for ready-to-cook carcasses pro-
duced by small scale and mobile processing units . The objective of 
this study was to evaluate the microbiological quality, Salmonella, and 
Campylobacter prevalence in broiler ceca and ready-to-cook carcasses . 
Straight-run Hubbard × Cobb broilers were reared for 38 d on either 
clean shavings or built-up litter . A total of 64 carcasses (30 from clean 
shavings and 34 from built-up litter) were processed at the West Vir-
ginia University pilot processing facility that mimics a mobile poultry 
processing unit . Aerobic plate counts (APC), E. coli/coliforms, and 
yeast/molds of carcasses were analyzed on petrifilms. For Salmonella, 
ceca and carcasses were pre-enriched in buffered peptone water (BPW), 
second-enriched in Rappaport-Vassiliadis medium and streak-plated 
onto XLT-4 and HardyCHROM-agar, and further confirmed by API-
20E kits and qPCR (InvA gene). For Campylobacter, ceca and carcass 
samples were enriched in Bolton broth and on modified Campy-Cefex 
agar under microaerophilic conditions (5.0% O2, 10% CO2, and 85% 
N2) at 42?C for 48–72h, and further confirmed using Campylobacter 
Latex Test Kit and Gram-Staining. Data were analyzed using the t-test 
and Chi-Square of SAS. APC, coliforms, and E. coli were 3.4–3.5, 
2 .2–2 .5, and 2 .1 log10cfu/mL, respectively on clean-shavings and 
built-up litter carcasses . Carcasses of broilers raised on built-up litter 
contained greater (P < 0.05) yeast/molds population (2.2 log10cfu/mL) 
than those reared on clean-shavings (1 .8 log10cfu/ml). Salmonella was 
not detected in any ceca samples, while 6% (2 of 34 carcasses) of the 
carcasses from the built-up litter were present with Salmonella . The 
prevalence of Campylobacter decreased (P < 0.05) in ceca (28% vs. 
60%) and carcasses (77% vs. 88%) obtained from broilers reared on 
clean shavings compared with those reared on built-up litter. These data 
suggest that raising broilers on clean shavings as opposed to built-up 
litter may decrease the presence of foodborne pathogens .

Key Words: broiler, Salmonella, Campylobacter, ceca, carcass

475P   Effect of lactate on growth of cultures of cecal bacteria 
from commercial broilers. Arthur Hinton Jr .* and Kimberly Ingram, 
U. S. National Poultry Research Center, Athens, GA.

Cultures of beneficial bacteria used in probiotics produce and utilize 
organic acids that may play a role in the ability of the cultures to inhibit 
colonization of poultry by enteropathogens . Cecal contents of adult 
poultry contain many of these beneficial bacteria, and earlier experi-
ments showed that growing cecal cultures in media supplemented with 
succinate had no significant effect on culture growth. Therefore, 3 experi-
ments were conducted to examine the effect of lactate on the growth of 
cecal cultures. Three sets of ceca were taken from a processing facility, 
and contents were mixed with 10 mL of sterile distilled water. Media 
containing (g/l) tryptose, 10.0; yeast extract, 5.0; sodium chloride, 5.0; 
beef extract, 2.0; and glucose, 2.0 was prepared and supplemented with 
0, 50, 100, or 150 mM of sodium lactate. Media was inoculated with 
0 .1 mL of the cecal contents and incubated aerobically at 37oC for 

48 h . After incubation, aerobic and anaerobic bacteria in the cultures 
were enumerated on agar media composed of the broth media with the 
same lactate concentration in which the cultures had been grown and 
1.5% Bacto agar. Inoculated agar plates were incubated aerobically or 
anaerobically at 37oC for 48 h, colony-forming units were counted, and 
isolated colonies were selected for identification using the Biolog Bacte-
rial Identification System. Results indicated that lactate concentration of 
the media produced no significant difference in the number of aerobic 
or anaerobic bacteria recovered from the cecal cultures . Furthermore, 
there were differences in the bacterial flora of the cecal cultures from 
the 3 experiments, and different incubation atmospheres selected for 
different cecal bacteria . In addition to Escherichia coli, Enterococcus 
spp. was among the major aerobic isolates recovered in all trials, while 
anaerobic isolates included Veillonella and Propionibacterium spp . 
Findings also indicated that the composition of cultures from media 
supplemented with lactate differ from cultures from media supplemented 
with succinate. However, other media supplements may be required to 
select beneficial bacteria from different cecal cultures.

Key Words: broiler, cecal bacteria, lactate, aerobe, anaerobe

476P   In vitro evaluation of four commercially available 
Bacillus spp. probiotic supplements and their effect on an 
antibiotic resistant strain of Salmonella Heidelberg. Claudia D . 
Castañeda*SC,1, Omar Gutierrez2, Christopher D . McDaniel1, and 
Aaron S . Kiess1, 1Mississippi State University, Mississippi State, MS, 
2Huvepharma Inc., Austin, TX.

Bacterial resistance to antibiotics is a worldwide issue, however probiot-
ics have also been found to reduce pathogens associated with poultry. 
Therefore, the objective of the current study was to evaluate 4 com-
mercially available Bacillus spp . probiotic supplements for their ability 
to reduce an antibiotic resistant strain of Salmonella Heidelberg (S), in 
vitro . Treatments included: an antibiotic resistant strain of S (control), 
4 probiotics (P1, P2, P3, P4), and the combination of S with each pro-
biotic (S+P1, S+P2, S+P3, S+P4). A 12 h S stock culture was diluted 
10- fold to provide the S control of 106 cfu/mL. Probiotics were weighed 
in an attempt to provide 106 cfu/mL of bacteria. For combinations, 1 
mL of S stock culture was added to 9 mL of nutrient broth containing 
106 cfu probiotic/mL. After treatments were made, 100 µL of each 
treatment was serially diluted at 0, 12, and 24 h of incubation, spread 
plated onto the appropriate agar (Mannitol Egg Yolk Polymixin (MYP) 
agar for probiotics and Tryptic Soy (TSA) agar containing Nalidixic 
acid for S) and incubated at 37°C for 24 h under aerobic conditions. 
Log-transformed counts were analyzed using a randomized complete 
block design with split plots over incubation times. The means were 
separated using Fisher’s protected LSD when P ≤ 0.05. A treatment by 
time interaction was detected for S growth (P = 0.05). Only at 0 h was 
S growth reduced by the addition of each probiotic. However, by 12 h 
of incubation, S+P3 increased S growth as compared with the S control 
and S+P2. Probiotic growth was also affected by the presence of S and 
the length of incubation . The main treatment effect revealed that S+P1 
had less probiotic growth when compared with P3 and P4 (6.5 vs 7.3 
and 7.2 log cfu/mL, respectively; P = 0.03). However, a treatment by 
time interaction (P = 0.03) indicated that S alters probiotic growth over 
incubation . In conclusion, all these probiotics can reduce S immediately . 
Further research that evaluates physiologically relevant concentrations 
of Salmonella in poultry is needed .

Key Words: antibiotic alternative, probiotic, poultry, Salmonella
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477P   Evaluation of enrofloxacin on Salmonella Enteritidis 
cecal colonization and organ invasion in broiler chickens. Edurdo 
Morales Barrera*1, Jose L . Lobato Tapia1, Juan Latorre Cárdenas2, 
Ruben Merino Guzan2, Omar Prado Rebolledo3, Billy M . Hargis2, 
and Guillermo Téllez-Isaías2, 1Universidad Autónoma Metropolitana, 
México D. F., México, 2University of Arkansas, Fayetteville, AR, 
3Universidad de Colima, Tecomán Colima, México.

Antibiotics use in the poultry industry as therapeutics or growth pro-
moters have been reported to increase sensibility to some pathogens . 
In the present study, 2 independent experiments were conducted with 
one-day-old broiler chickens. Chicks were allocated in electrical batter-
ies into one of 4 groups with n = 25 birds: 1) control; 2) Enrofloxacin 
(EN) 25 mg/kg; 3), EN 50 mg/kg; and 4) EN 75 mg/kg. EN treatment 
was administered in the drinking water from d 1 to 5. At 7 d, all chickens 
were oral gavage with 104 cfu Salmonella Enteritidis (SE). Twenty-four 
hours post SE inoculation chickens were euthanized and liver and ceca-
cecal tonsils (CCT) were cultured. In Exp. 1, a significant increased (P 
< 0 .05) Log10 cfu/g of SE in CCT was observed in groups 3 (EN 50 
mg/kg) and 4 (EN 75 mg/kg): 1.23b; 2 .01b; 4 .46a and; 5 .61a with an 
incidence of 41, 50, 100 and 100% SE among control and EN levels 
of 25, 50 and 75 mg/kg respectively. Log10 cfu/g of SE in liver were 
0c, 0 .90b, 1 .25b and 2 .70a, with an incidence of 0, 33.3, 41.7 and 100% 
between control and EN levels of 25, 50 and 75 mg/kg respectively. In 
Exp . 2, Log10 cfu/g of SE in CCT was 0.25b, 4 .94a, 4 .61a and 5 .53a of 
cfu, with an incidence of 0, 33.3, 75, and 100% between control and EN 
levels of 25, 50 and 75 mg/kg respectively. Log10 cfu/g of SE in liver 
was 0.22b, 1 .12b, 0 .90b and 2 .25a with an incidence of SE: 8.33, 33.3, 
50 and 83.33% between control and EN levels of 25, 50 and 75 mg/
kg respectively . These data support and extend previous investigations 
involving other salmonellae and indicate that selected antibiotics may 
increase the severity and frequency of SE colonization and invasion 
rate in broiler chicks .

Key Words: Salmonella Enteritidis, enrofloxacin, broiler, antibiotic, 
infection

478P   The in vitro effectiveness of four Bacillus strains against 
three major pathogens. Bradley C . Schrader*SC, Elle C. Chadwick, 
Laci B . McKay, James T . Krehling, Mark R . Liles, and Kenneth S . 
Macklin, Poultry Science Department, Auburn University, Auburn, 
AL.

Bacillus species are at the forefront of probiotic research due to their 
ability to produce secondary metabolites, which inhibit the growth of 
many pathogenic bacteria. The aim of this study was to measure the 
inhibition ability of Bacillus spp . against Escherichia coli, Salmonella 
spp ., and Clostridium perfringens . To accomplish this, 10 strains each 
of E. coli, Salmonella spp. and C. perfringens were grown overnight 
in brain heart infusion broth (BHIB) under the appropriate conditions . 
Each of the 30 cultures was then spread on 4 trypticase soy agar (TSA) 
plates. Three sterile discs were placed on each inoculated plate, to 
achieve 3 replicates per plate. The discs were inoculated with Bacillus 
amyloliquefaciens strains AB01 and AP183, and Bacillus subtilis strains 
AP206 and AP302 (30 plates/Bacillus strain). Each strain was grown 
for approximately 96 h in a BHIB. After which, they were centrifuged, 
supernatants removed, and 10 microliters (mL) of supernatant were 
added to the sterile discs onto their designated plates. Plates were 
incubated for 24 h at either 37C in aerobic conditions (E. coli and 
Salmonella spp .), or 40C in anaerobic conditions (C. perfringens) . Any 
zones of inhibition (ZI) present were measured in centimeters (mm) with 
the diameter of a zone 15 mm being considered significant. No E. coli 
and Salmonella spp. inoculated plates were affected by the presence 

of Bacillus spp . supernatant . Of the C. perfringens inoculated plates, 
3/10 had ZI present against all 4 Bacillus strain’s supernatants . Due to 
the lack of inhibition on most of the plates, statistical analysis was not 
conducted on this data . The AP206 supernatant had the largest ZI (24 
mm) when values were averaged among these 3 C. perfringens strains, 
followed by AB01 (24 mm), AP302 (22 mm) and AP183 (20 mm). One 
additional C. perfringens strain was inhibited by AP206 (16 mm). This 
study has shown that the secondary metabolites produced by these 4 
strains of Bacillus spp. were able to inhibit the growth of C. perfringens 
in an in vitro setting, providing evidence of their potential to reduce the 
prevalence of C. perfringens infections in poultry .

Key Words: probiotic, pathogen, inhibition, Bacillus, Clostridia

479P   Effect of feeding Original XPC on Salmonella enumera-
tion and prevalence in ceca, breast, and ground breast meat 
in heat-stressed and non-heat-stressed broilers. Christine Z . 
Alvarado*1, Jiyang Fang1, Gerardo Casco1, Gregory S . Archer1, 
James A . Byrd2, Paul T . Price3, Douglas P . Smith3, and Hilary O . Pav-
lidis3, 1Texas A&M University, College Station, TX, 2Southern Plains 
ARS-USDA, College Station, TX, 3Diamond V, Cedar Rapids, IA.

A study was conducted to evaluate the effects of feeding Original XPC 
to reduce Salmonella prevalence and numbers in ceca, breast fillet and 
ground breast fillets when broilers are reared in ambient or heat stress 
temperatures. A total of 320 Ross 708 broilers were fed either a control 
diet (CON) or a diet containing Original XPC (XPC) at 1.25 kg/MT. 
Half the birds in each dietary treatment were subjected to either no heat 
stress (70°F constant) or heat stress (95°F:70°F for 18:6 h daily) from 28 
to 42 d. All pens (16) were housed in environmentally controlled rooms 
with treatments replicated in each room. On d 3, Salmonella free chicks 
were orally challenged with 0.25 to 0.50 mL of 107 cfu/mL of antibiotic 
marked strains of Salmonella Typhimurium . To ensure Salmonella 
colonization, 5 birds per pen were euthanized on d 21. On d 42, 8 birds 
per pen from both the heat-stress and non-heat-stress environments for 
CON and XPC were processed following industry practices. Individual 
ceca (C), right breast fillet (BF) and ground left breast fillet (GBF) were 
collected for Salmonella prevalence and enumeration. No significant 
2-way interactions between dietary treatment and environment were 
observed so data were pooled for analysis. The prevalence data were 
analyzed by chi-squared and enumeration data by GLM in SAS with 
dietary treatment as the main effect . The prevalence of Salmonella for 
CON-fed birds for C (25.76%) and BF (75.76%) were similar (P > 0 .05) 
to the XPC-fed birds (28.99% and 79.71%; respectively). However, 
in the GBF a significantly lower (P = 0 .046) Salmonella prevalence 
was observed for the XPC-fed birds (15.94%) versus CON-fed birds 
(30.03%). The Salmonella counts (log10 cfu/mL) for the XPC-fed birds 
in the C (0.91 ± 0.08), BF (1.47 ± 0.09) and GBF (1.13 ± 0.12) were 
similar (P > 0 .05) to the counts observed on the CON-fed birds (0 .96 
± 0 .10, 1 .32 ± 0 .06, 1 .40 ± 0 .13; respectively) . In conclusion, XPC has 
the potential to reduce the prevalence of Salmonella in broiler ground 
breast meat .

Key Words: XPC, Salmonella, ground breast, breast, broiler

480P   Ice slurry to reduce processing intensity in poultry sani-
tation. Stephanie Richter*, Ebony Rowe, Daniel Sabo, and Comas 
Haynes, Georgia Tech Research Institute, Atlanta, GA.

In 2013, the United States processed 8 .6 billion chickens, according 
to the US Department of Agriculture . This large volume promotes 
the development of new environmentally friendly and cost-effective 
food safety technologies for poultry processing . Conventional poultry 
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processing methods thus far have used chilled water or cooled air 
treatments for pathogen reduction . We used ice slurry to test its ability 
to more rapidly reduce cooling time and pathogen levels . Ice slurry is 
known to have greater heat capacitance than water due to its 2-phase 
coolant properties. We hypothesized that ice slurry would provide an 
antimicrobial scrubbing effect. Each trial tested 20 birds, where half were 
the control (pre-chiller) and half were the chiller intervention (chilled 
water or ice slurry). All birds were inoculated onto the center of the 
breast skin with Salmonella enterica serovar typhimurium, a nalidixic 
acid antibiotic-resistant strain. All birds were heated for 2 h to ~35°C 
to simulate core temperatures after evisceration . The chiller treatment 
went into a 250-gallon air-agitated auger chiller filled with 125 gallons 
of water with a set ppm (parts per million) of peracetic acid (PAA) 
for 20 min . The peracetic acid acted as the antimicrobial processing 
condition. All birds were then processed for microbial analysis. For 
processing, the inoculated breast area was excised and treated with a 
solution containing 100 ppm of nalidixic acid antibiotic . The antibiotic 
treatment was used to ensure specific growth of the target organism. 
All samples were plated onto 3M Petrifilm and incubated for 24 to 48 
h at 37°C. Chilled water temperatures averaged 4°C, while ice slurry 
media averaged −1°C in 20-min trials. Results showed a decrease in 
thermal cooling times with ice slurry versus chilled water. At 50 ppm 
of PAA and 2.0% salinity, ice slurry showed twice the log-scale reduc-
tion when compared with chilled water. We believe ice slurry’s 2-phase 
mixture provides a physical abrasive phenomenon that adds to carcass 
disinfection and holds promise as an alternative poultry chilling medium .

Key Words: ice slurry, antimicrobial, poultry processing

481P   Evaluating methods for experimental contamination of 
Salmonella on eggs. Andrew C. Rehkopf*1, James A . Byrd2, Craig 
D . Coufal1, and Tri Duong1, 1Department of Poultry Science, Texas 
A&M University, College Station, TX, 2USDA-ARS, Southern Plains 
Agriculture Research Center, College Station, TX.

Salmonella contamination on the surface of eggs is an important critical 
control point for improving microbial food safety of poultry and poultry 
products . The recovery of Salmonella from experimentally contaminated 
eggs is important for studies investigating the horizontal transmission 
of Salmonella during incubation and hatch and is dependent on the 
methods used for inoculation. In this study, we evaluated the effect of 
various methods and media for the experimental contamination and 
recovery of Salmonella on the surface of broiler hatching eggs . Eggs 
were inoculated with a suspension of Salmonella in phosphate buffered 
saline (PBS) using a pipette, a gauze pad, a cotton ball, or a sponge . 
At 1 h post-inoculation, recovery of Salmonella was similar from 
eggs inoculated using a pipette, gauze pad, and cotton ball and was 
approximately 4 log10 cfu egg−1 greater than from eggs inoculated using 
a sponge (P < 0 .05) . At 24 h post inoculation, recovery of Salmonella 
from eggs inoculated using a pipette was approximately 2.4 to 3.4 log10 
cfu egg−1 greater than from eggs inoculated using a gauze pad, cotton 
ball, or sponge (P < 0.05). Using a pipette, eggs were inoculated with 
a culture of Salmonella suspended in tryptic soy broth (TSB), PBS, 
buffered peptone water (BPW), or 10% suspension of feces in PBS 
and incubated for up to 14 d . At 24 h post inoculation, recovery of Sal-
monella from eggs inoculated using TSB was approximately 1.5 - 3.5 
log10 cfu egg−1 greater than from eggs inoculated using BPW, PBS, or 
a fecal suspension (P < 0 .05) . Also, the number of Salmonella positive 
eggs was greater when inoculated using TSB (20%) then when inocu-
lated using PBS (0%) or fecal suspension (0%) (P < 0.05). However, 
no difference in the number of Salmonella positive eggs was detected 
when eggs were inoculated using BPW (10%) as compared with the 

other treatments . Of those evaluated, pipetting a culture suspended in 
TSB on to the surface of eggs was determined to be the most effective 
method for experimental contamination with Salmonella . These results 
will inform future studies investigating Salmonella contamination of 
hatching eggs during incubation and hatch .

Key Words: Salmonella, experimental contamination, horizontal 
transmission, egg

482P   Growth of Salmonella in four enrichment broths at 37 or 
42°C. Douglas E . Cosby*, Nelson A . Cox, and Mark Berrang, The 
US National Poultry Research Center, USDA, Athens, GA.

No single enrichment broth or temperature is used consistently through-
out the research, regulatory or industry laboratories for the detection of 
Salmonella . This lack of a single methodology leads to confusion and 
possible bias both for and against Salmonella serotypes . The objec-
tive of this experiment was to evaluate 4 selective enrichment broths 
[selenite cystine (SC), tetrathionate Hajna (TT), GN broth (GN) and 
Rappaport-Vassiliadis (RV)] and 2 temperatures (37°C and 42°C) to 
determine the one best able to allow growth of 4 Salmonella serovars 
[Enteritidis (SE), Heidelberg (SH), Kentucky (SK), and Typhimurium 
(ST)] . Four Salmonella serovars were inoculated individually (101 cfu) 
into duplicate tubes containing 10 mL of each of 4 enrichment broths 
at each temperature. After overnight enrichment, serial dilutions were 
prepared and plated onto brilliant green sulfa (BGS) agar plates for enu-
meration. Counts were made and recorded after 24 h incubation. Three 
replicates were conducted. All 4 enrichment broths were significantly 
(P < 0 .05) more effective for recovery of Salmonella at 37°C than at 
42°C. TT was the least effective at recovering the 4 serotypes at 42°C 
with only one serotype (SK) recovered. In SC, recovery was log10 4 .4, 
7 .7, 7 .6 and 7 .5 for SE, SH, SK, and ST, respectively; in GN, recovery 
was log10 8 .2, 8 .4, 8 .5 and 8 .4 for SE, SH, SK, and ST, respectively; 
and in RV, recovery was log10 8 .1, 8 .2, 8 .2 and 7 .9 for SE, SH, SK, 
and ST respectively when incubated at 37°C. At 37°C, significant dif-
ferences were observed between TT and GN; TT and RV; SC and GN; 
and SC and RV and no difference was observed between SC and TT or 
between GN and RV. At 42°C, no significant difference was observed 
between the 3 broths, SC, TT and RV, where Salmonella was recovered. 
Pre-enrichment is used to elevate the numbers of Salmonella allowing 
detection even with losses due to the stresses of temperature and broths 
designed to reduce background . Recovery of Salmonella strains can 
unintentionally be biased by the temperature selected and the enrich-
ment broths used which are often selected simply because of laboratory 
preference or regulatory protocol .

Key Words: selective enrichment broth, Salmonella, recovery

483P   Ecometric evaluation of Salmonella selective enrichment 
broths to suppress background microflora. Douglas E . Cosby*, 
Nelson A . Cox, and Mark Berrang, United States Dept of Agriculture, 
The US National Poultry Research Center.

Many different selective enrichment broths can be used to recover 
Salmonella spp. from multiple sample types associated with poultry 
and poultry products. This experiment was designed to evaluate the 
efficacy of 4 enrichment broths, selenite cystine (SC), tetrathionate 
Hajna (TT), Gram Negative broth (GN) and Rappaport-Vassiliadis (RV) 
at 2 temperatures, 37 and 42°C for reduction of extraneous microbes 
on brilliant green sulfa agar. Two ecometric methods (EM1 and EM2) 
were compared with serial dilution to determine the level of background 
microflora from whole carcass rinses. Absolute growth indexes were 
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determined by the 2 ecometric techniques and counts recorded. Three 
replicates were conducted, data combined and analyzed by t-test to 
determine significance. No significant differences (P < 0.05) were noted 
between the 2 ecometric techniques at either 37 or 42°C respectively. 
TT broth was significantly more effective at reducing the background 
microflora at 42°C and 37°C than other media. GN and RV broths had 
the most bacterial growth (>log10 7.5 cfu/mL) for both temperatures. 
Significant differences were observed between TT and both GN or RV 
and between GN and both SC or RV at 42°C. Significant differences 
were noted using EM1 for SC between 37 and 42°C and using EM2 for 
GN between 37 and 42°C. As expected, incubation at 42°C reduced the 
background bacteria for all of the selective enrichment broths with TT 
being the most effective reducing the bacteria count by log10 1 .3, 2 .6 
and 3.1 cfu/mL when compared with SC, RV and GN respectively. By 
determining the most effective broth for reducing background micro-
flora, researchers should be able to more effectively isolate and identify 
Salmonella spp . from poultry samples .

Key Words: Salmonella, enrichment, ecometrics, recovery

484P   Inactivation of Salmonella Enteritidis on shell eggs by 
coating with phytochemicals. Indu Upadhyaya*, Hsin Bai Yin, 
Meera Surendran Nair, Chi-Hung Chen, Rebecca Lang, Michael 
J . Darre, and Kumar Venkitanarayanan, University of Connecticut, 
Storrs, CT.

Salmonella Enteritidis (SE) is a major foodborne pathogen that causes 
human infections largely by consumption of contaminated eggs . The 
external surface of eggs becomes contaminated with SE from multiple 
sources, highlighting the need for effective egg surface disinfection 
methods. This study investigated the efficacy of 3 GRAS-status, phyto-
chemicals, namely carvacrol (CR), eugenol (EG) and β-resorcylic acid 
(BR) applied as pectin or gum arabic based coating for reducing SE on 
shell eggs. White-shelled eggs, spot inoculated with a 5-strain mixture 
of nalidixic acid (NA) resistant SE (8.0 log cfu/mL) were coated with 
pectin or gum arabic solution containing each phytochemical (0 .0, 
0.25, 0.5 or 0.75%), and stored at 4°C for 7 d. Three eggs per treat-
ment at every sampling point for each temperature were included in all 
3 replicated experiments (n = 756, n = 9). SE on eggs was enumerated 
on d 0, 1, 3 and 7 of storage. Approximately 4.0 log cfu/egg of SE was 
recovered from inoculated and pectin or gum arabic coated eggs on d 
0. However, all coating treatments containing CR and EG, and BR at 
0.75% reduced SE to undetectable levels on d 3 (P < 0 .05) . Results 
suggest that the aforementioned phytochemicals could effectively be 
used as a coating to reduce SE on shell eggs, but detailed studies on 
the sensory and quality attributes of coated eggs need to be conducted 
before recommending their use .

Key Words: Salmonella Enteritidis, phytochemicals, egg, coating

485P   Reducing Salmonella Heidelberg colonization in 21-day-
old broiler chicks by in-feed supplementation of β-resorcylic acid 
and trans-cinnamaldehyde. Indu Upadhyaya*1, Samantha Fancher1, 
Hsin Bai Yin1, Meera Surendran Nair1, Chi-Hung Chen1, Deepti 
Karumathil1, Varun Kumar Bhattaram1, Abhinav Upadhyay2, Mazhar 
Khan1, Michael J . Darre1, Annie M . Donoghue3, Dan J . Donoghue2, 
and Kumar Venkitanarayanan1, 1University of Connecticut, Storrs, 
CT, 2University of Arkansas, Fayetteville, AR, 3USDA-ARS, Fayette-
ville, AR.

Salmonella Heidelberg (SH) is a multidrug resistant pathogen implicated 
in several outbreaks associated with the consumption of contaminated 

poultry products. This study investigated the efficacy of 2 GRAS-status, 
plant compounds, namely β-resorcylic acid (BR) and trans-cinnamal-
dehyde (TC) as feed supplements to reduce SH colonization in broiler 
chickens. Two hundred fifty day-old chicks were randomly allocated 
to 10 treatments (n = 25): (1) a negative control (no SH challenge or 
supplemented compound), (2 and 3) BR controls (no SH, but 0.75 or 1% 
BR), (4 and 5) TC controls (no SH, but 0.5 or 0.75% TC) (6) a positive 
control (SH challenge, but no TC or BR) (7 and 8) BR treatment (SH 
and 0.75 or 1% BR), and (9 and 10) TC treatment (SH and 0.5 or 0.75% 
TC). TC and BR were supplemented in the feed for 20 d, from d 0. On d 
8, birds in the positive control, TC and BR treatments were challenged 
with SH (8 log10 cfu/bird) by crop gavage. After 10 d of challenge, 10 
birds per treatment were killed by CO2 asphyxiation, and the cecum, 
liver and crop from each bird were collected for SH enumeration. The 
experiment was repeated twice. SH counts recovered from the cecum 
of control birds ranged from 5 .5 to 6 log10 cfu/mL on d 1 post infection. 
All treatments decreased SH count on d 1 with 0.75% TC reducing the 
pathogen count to ~2.5 log10 cfu/mL compared with controls (P < 0 .05) . 
On d 10 post infection, 0.75% TC and 1% BR significantly decreased 
the pathogen in the cecum to ~1.5 log10 cfu/mL and undetectable 
levels, respectively; however ~3.5 log10 cfu/mL of SH were recovered 
from controls. Moreover, all treatments were effective in reducing SH 
in liver and crop when compared with controls (P < 0 .05) . The cecal 
endogenous bacterial counts and pH did not differ (P > 0 .05) among 
the various treatment groups. Although TC (0.5 and 0.75%) and BR at 
0.75% had no effect on bird body weight (P > 0.05), 1% BR slightly 
decreased the body weight (P < 0 .05) .

Key Words: Salmonella Heidelberg, broiler, trans-cinnamaldehyde, 
β-resorcylic acid, in-feed supplementation

486P   Direct and indirect transmissibility of attenuated and 
virulent Mycoplasma gallisepticum strains among caged layers. 
Jeffrey D. Evans*, Scott L. Branton, Joseph L. Purswell, Spencer A. 
Leigh, and Stephanie D . Collier, USDA-ARS Poultry Research Unit, 
Mississippi State, MS.

Mycoplasma gallisepticum (MG) is a major pathogen of avian spe-
cies and is considered the most economically important Mycoplasma 
species affecting poultry . Means of control against MG are limited to 
bio-security and bio-surveillance across the poultry industries and live 
attenuated vaccines with commercial table egg layers. MG has been 
characterized as readily transmissible by direct and indirect measures 
and therefore further characterization of MG’s transmissibility is nec-
essary . To evaluate the ability of MG strains to pass from infected to 
non-infected poultry, naïve Hy-Line W-36 pullets were obtained at 1 d 
of age. At 10 weeks of age (woa), pullets (n = 240) were singly caged 
among 4 identical rooms of a commercial-type layer facility each 
containing 4 rows of vertically offset cages (20 cages/row). At 12 woa, 
pullets in 2 rooms were inoculated with an F strain-derived attenuated 
MG (FMG) vaccine . At 7 d post-inoculation, naïve sentinels (n = 16) 
were co-housed with inoculated pullets or were placed in cages sepa-
rated from inoculated pullets by at least 1 foot. After 10 wk of exposure, 
inoculated pullets and sentinels were assessed for MG via serum plate 
agglutination (SPA) . To assess the effect of virulent MG challenge on 
transmissibility, 1 room each of naïve and FMG-vaccinated pullets (21 
woa) were inoculated with a virulent challenge strain of MG. Sentinels 
were placed and maintained as previously described and following 10 wk 
of exposure, MG status was assessed for all MG-inoculated pullets and 
sentinels. Results indicated that following the initial inoculation, FMG 
was transmitted to 37.5% of the co-housed sentinels, but no evidence 
of FMG transmission to birds separated by at least 1 foot was found. 
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Following the MG challenge of naïve pullets (21 woa), the virulent 
MG strain was transmitted to 68.75% of co-housed sentinels, but not to 
sentinels separated from challenged pullets by at least a foot . Virulent 
MG challenge of pullets previously inoculated with FMG demonstrated 
transmission rates of 37.5% and 18.75% among co-housed and separated 
sentinels, respectively .

Key Words: Mycoplasma gallisepticum, vaccine, horizontal 
transmission

487P   Microbial changes in young turkeys after transportation 
stress. Samantha M . Anderson*, Evan Hutchison, Rebecca Kangas, 
Josh Rehberger, Alexandra Smith, Eric Vang, and Thomas Rehberger, 
Agro Biosciences Inc., Milwaukee, WI.

Early colonization of beneficial bacteria in the gastrointestinal tract has 
been shown to play a vital role in the overall health and performance 
of commercial turkeys . Other factors, like stress, may have a negative 
effect on the early colonization of these key bacteria. In this study, we 
investigated the effect that early stress can have on the homeostasis and 
pathogen levels of newly hatched turkeys that were transported long 
distances and experienced elevation changes . Bacterial diversity by 
terminal restriction fragment length polymorphism (TRFLP) as well as 
enumeration of lactic acid bacteria (LAB) and avian pathogenic E. coli 
(APEC) of gastrointestinal tracts (GITs) were used to compare treatment 
groups within 2 studies: (1) 20 day-of-hatch (DOH) GITs and 20 day-old 
GITs from flocks that were transported; and (2) 20 DOH GITs, 20 day-old 
GITs transported and 20 day-old GITs that were not transported; day-
old birds received a Bacillus/Lactobacillus-based direct-fed microbial 
(DFM). The results from both studies showed that the level of APEC 
was below detectable levels in the DOH birds while the day-old birds 
that were treated with DFM had lower APEC levels compared with the 
untreated post transit birds. Pre and post transit LAB levels were not 
different in the first study but LAB levels were significantly higher in 
DFM treated day-old birds compared with DOH birds. TRFLP indicates 
that Enterobacteriaceae was the most abundant taxa in post-transit birds, 
but this trend was not observed in the day-old transported chicks that 
received the DFM (P ≤ 0.05). TRFLP also showed that day-old birds 
treated with the DFM had lower proportions of Enterococcus and higher 
proportions of Bacillus, a component of the DFM, when compared with 
untreated day-old birds (P ≤ 0.05). In conclusion, the DFM treatment of 
young turkeys seemed to mediate the negative microbial shifts associ-
ated with the stress caused by transportation.

Key Words: microbiota, terminal restriction fragment length poly-
morphism (TRFLP), turkey, direct-fed microbial, stress

488P   An investigation of microbial differences between com-
mercial breeder flocks that historically produce high and poor 
preforming progeny. Rebecca Kangas*, Samantha Anderson, Evan 
Hutchison, Joshua Rehberger, Alexandra Smith, Eric Vang, and 
Thomas Rehberger, Agro Biosciences Inc., Wauwatosa, WI.

Research has shown that the intestinal microbial composition estab-
lished in early life of poultry helps to foster immune development and 
create a positive microbial progression, which directly affects overall 
bird performance . To evaluate the effect of microbial composition on 
commercial turkey performance, this study investigated the microbial 
differences of 60 birds across 3 different flocks, 2 flocks contained hens 
that produce historically high-performing progeny (HPP) and their cor-
responding day-of-hatch (DOH) chicks and 1 flock that contained hens 

that historically produce poor-performing progeny (PPP) and their corre-
sponding DOH chicks. HPP hens and PPP hens were defined by the feed 
conversion rate and 7 d mortality of their offspring . Terminal restriction 
fragment length polymorphism (TRFLP) analysis of microbial commu-
nity in HPP hens revealed greater Bacillus spp . proportions than PPP 
hens, while PPP hens had greater Campylobacter and Mycobacterium/
Rhodococcus proportions than HPP hens (P ≤ 0.05). DOH chicks from 
HPP hens had greater Enterococcus proportions, while DOH chicks from 
PPP hens had greater Clostridium proportions (P ≤ 0.05). These results 
indicated that there is a difference in microbial composition between HPP 
and PPP hens and that these differences may contribute to differences 
in overall performance of the corresponding chicks .

Key Words: microbiota, terminal restriction fragment length poly-
morphism (TRFLP), community, bacteria, performance

489P   Analysis of the vertical transmission of gut microbiota 
from hen to chick in commercial broiler systems. Eric Vang*, Evan 
Hutchison, Samantha Anderson, Rebecca Kangas, Alexandra Smith, 
Josh Rehberger, and Tom Rehberger, Agro Biosciences, Wauwatosa, 
WI.

Studies have shown the vital role the early colonizing gut microbiota 
have in the overall health and performance of chickens through the 
development of a healthy immune system, improved digestion and nutri-
ent absorption and reduction of enteric pathogens . It has been reported 
that in natural settings much of the early colonizing gut microbiota is 
maternally derived; however, little is known about the extent of verti-
cal transmission of the gut microbiota in a commercial broiler system . 
This study investigated microbial diversity of the gastrointestinal tracts 
(GITs) of day-of-hatch (DOH) broilers and their respective maternal 
hens for evidence of vertical transfer of microbiota from hens to chicks . 
GITs from hens (n = 43) and DOH (n = 141) birds across 3 different 
US broiler companies were examined in this study. Terminal restriction 
fragment length polymorphism (T-RFLP) with lactic acid bacteria (LAB) 
specific primers was used to evaluate the LAB diversity in hen and DOH 
gut samples. UPGMA cluster analysis with Dice similarity coefficients 
indicated 2 distinct clusters: one cluster grouping mainly the DOH and 
the other cluster grouping the hens . Pediococci, enterococci, Lactobacil-
lus crispatus, L. salivarius, and L. johnsonii peaks were present in the 
hens. Most DOH birds had a pediococci peak, while enterococci were 
present in some DOH birds from 2 out of the 3 companies . Peaks for 
L. salivarius, L. crispatus, and L. johnsonii were present in the hens 
and largely missing in DOH birds. These findings were consistent with 
genotypic comparisons of individual strains of LAB isolated from these 
samples . These results suggest a limited vertical transmission of the 
maternal LAB from hens to DOH birds . The loss of maternal microbial 
diversity in the commercial broiler system may have a negative effect 
on bird health and performance .

Key Words: vertical transmission, terminal restriction fragment 
length polymorphism (TRFLP), lactic acid bacteria

490P   Efficacy of octenidine hydrochloride in reducing Salmo-
nella Enteritidis on chicken. Hsinbai Yin*, Chihung Chen, Michael 
J . Darre, and Kumar Venkitanarayanan, University of Connecticut, 
Storrs, CT.

Salmonella Enteritidis (SE) is a foodborne pathogen commonly transmit-
ted to humans by consumption of contaminated poultry meat . Effective 
disinfection of chicken carcasses is critical to reduce SE on poultry meat 
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and control human illnesses associated with the pathogen. We investi-
gated the efficacy of octenidine hydrochloride (OH), a new generation 
disinfectant used in human mouth rinse, as an antimicrobial wash 
treatment in rapidly inactivating SE on chicken . Commercial chickens 
wings, spot inoculated (~5.0 log cfu/wing) with a 5-strain mixture of 
nalidixic acid-resistant SE, were washed with sterile water containing 0, 
0.05, 0.1, or 0.2% OH at 25°C for 30 or 60 s, followed by a sterile water 
rinse to remove OH residue from wings. An untreated group of chicken 
wings subjected to no water and OH wash treatments was included as 
baseline. All samples were stored at 4°C, and surviving SE populations 
on wings were enumerated on d 0, 1, and 2 by serial dilution and spread 
plating on xylose lysine deoxycholate agar . Duplicate samples of each 
treatment and baseline were included, and the experiment was replicated 
3 times. Results revealed that all OH wash treatments for 30 and 60 s 
were effective in reducing SE on chicken wings as compared with the 
baseline (P < 0.05). Treatment containing 0.1% OH for 60 s reduced 
SE by ~3.5 log/wing, whereas 0.2% OH wash decreased the pathogen 
to undetectable levels (P < 0.05). However, substantial pathogen popu-
lations (~4.0 log cfu) survived on wings washed with sterile water. In 
addition, no SE was detected in OH wash solution. The results indicate 
that OH could potentially be used as a wash treatment to reduce SE 
on chicken carcasses, however, consumer acceptability of OH-washed 
wings needs to be determined before recommending its use.

Key Words: Salmonella Enteritidis, octenidine hydrochloride, 
chicken wings, wash treatment

491P   Assessment of microbiome populations on chicken 
carcasses at various first processing steps using a next generation 
sequencing approach. Sun Ae Kim1, Si Hong Park1, Sang In Lee1, 
and Steven C . Ricke*1,2, 1Center for Food Safety, Department of 
Food Science, University of Arkansas, Fayetteville, AR, 2Department 
of Poultry Science, University of Arkansas, Fayetteville, AR.

Chicken can be a source of foodborne pathogens as well as spoilage 
bacteria thus ensuring the need for assessing microbial population levels 
of poultry products . Various antimicrobial treatment have been used in 
chicken processing plant to improve quality and safety. The purposes of 
this study were to identify different microbial populations on chicken 
carcass rinsates after exposure to antimicrobials (peracetic acid (PAA) 
and Amplon (a commercial blend of sulfuric acid and sodium sulfate)) 
during various first processing steps as well as identification of recovered 
microbiota from colonies on 3M APC Petrifilm using an Illumina MiSeq 
platform. Chicken carcass rinsates (10 birds) were collected from 8 dif-
ferent stages for microbiome sequencing: group A) before depilation, 
B) post-pick before Amplon spray, C) post-pick after Amplon spray, 
D) post-evisceration before simulated on-line reprocessing (OLR) with 
Amplon, E) post-evisceration and after simulated OLR, F) after primary 
chilling with PAA, G) after post-chilling with Amplon, and H) after post-
chilling with PAA. Each 1 mL aliquot of rinsate was loaded on the 3M 
Petrifilm for APC and parallel samples (both chicken rinsate and APC) 

were subsequently sequenced to identify different bacterial populations. 
Group A exhibited phylogenetic distinctive bacterial populations with 
different proportional levels compared with other groups. The family 
Bacillaceae was predominant on groups B to G with over 70%, while 
group A and H exhibited 41 and 55%, respectively. Overall microbial 
populations on 3M APC Petrifilm via sequencing revealed generally 
similar patterns compared with rinsate samples with some differences 
in minor groups . The relative abundance of family Bacillaceae in the 
groups A to D was 50 to 63%, however it increased to 70 to 96% on 
groups E to H. In conclusion, microbiome sequencing appears to be 
a viable approach for evaluating microbial composition of bacterial 
populations recovered from poultry carcasses during processing .

Key Words: microbiome, next-generation sequencing, chicken car-
cass rinsate, microbial population

492P   Antimicrobial resistance patterns of Salmonella isolated 
from poultry farms. Carmen G. Velasquez*SC,1, Matthew Bailey1, 
Sydney Corkran1, Kenneth S . Macklin2, and Manpreet Singh1, 
1Purdue University, West Lafayette, IN, 2Auburn University, Auburn, 
AL.

The objective of this study was to identify and describe antimicrobial 
resistance (AMR) in Salmonella isolated from poultry farms . Four farms 
were sampled in 2 different seasons; each farm had 4 houses, for a total 
of 16 houses. Each house was divided into 4 quadrants and drag swabs, 
cloacal swabs and litter samples were collected from each location.
Antimicrobial resistance (AMR) was tested in 50% of the isolates 
from each sample . The Salmonella isolates were confirmed by PCR 
and subjected to 14 different antimicrobials using the NAMRS panel . 
A total of 403 isolates were tested for AMR and 100% of the isolates 
showed resistance to at least 2 classes of antimicrobials. Out of 403 
isolates, 99% of the isolates exhibited resistance to more than 2 
classes of antimicrobials. Out of the 403 isolates showing antimicro-
bial resistance, 179 were confirmed to be Salmonella by PCR, result-
ing in 44% of prevalence of Salmonella with antimicrobial resistance 
on these poultry farms. More than 60% of the isolates were resistant 
to azithromycin, ceftiofur, streptomycin and sulfisoxazole, which 
belong to macrolides, cephems, aminoglycosides and sulfonamides 
class, respectively . Some of the antimicrobial classes are being used 
for veterinary medicine, human medicine or both . Azithromycin and 
sulfisoxazole are antimicrobials that are being used for human medi-
cine and could pose a threat when used to treat human salmonellosis. 
Bacteria with resistance to antimicrobials used for human medicine 
result in public health issues due to the difficulties in treatments for 
infections with antimicrobial resistant bacteria since it limits the treat-
ments or make them less effective .

Key Words: Salmonella, antimicrobials, poultry, multidrug 
resistance
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493P   Oxidative stress alters the expression of orexin and its 
related receptors in avian muscle cells. Phuong H . Nguyen*1, Eliz-
abeth Greene1, Adil Al-Ogaili1, Peter Ishola1, Annie M . Donoghue2, 
F . Dustan Clark1, Nicholas B . Anthony1, and Sami Dridi1, 1Center of 
Excellence for Poultry Science, University of Arkansas, Fayetteville, 
AR, 2USDA, Agricultural Research Service, Poultry Production and 
Product Safety Research Unit, Fayetteville, AR.

Oxidative stress has a negative impact on poultry production . Recently, 
we made a breakthrough by identifying that orexin and its related recep-
tors are expressed in avian muscle cell and tissues . Since the orexin 
system plays a role in stress response, their regulation and function in 
avian muscle under oxidative stress need to be elucidated . Therefore, 
the aim of the present study is to determine the effect of oxidative 
stressors; hydrogen peroxide (H2O2) and 4-Hydroxynonenal (4-HNE) 
on the expression of orexin system in avian muscle cells . Quail muscle 
(QM7) cells were treated with H2O2 at 10, 50, 100 or 200 µM for 3 h 
and 4-HNE at 10, 20 or 30 µM for 24 h. Untreated cells were used as 
controls. Total protein and RNA were extracted for gene and protein 
expression analyses by qPCR and Western blotting, respectively. Data 
were analyzed by one way ANOVA and Tukey test. The results showed 
that H2O2 reduce protein expression of orexin and its related receptors 
in a dose dependent manner . 4-HNE did not affect the protein and gene 
expression of orexin system. This study showed that the alteration in 
orexin expression varied upon the type of stressor and that orexin system 
may be involved in stress response in poultry .

Key Words: oxidative stress, orexin, QM7

494P   Effect of serotonin imprinting on the development of the 
brain serotonergic system in chickens. Xiaohong Huang*SC,1 and 
Heng-wei Cheng2, 1Purdue University, West Lafayette, IN, 2Livestock 
Behavior Research Unit, USDA-ARS, West Lafayette, IN.

Serotonin (5-HT) prenatally acts as a neurogenic compound to regulate 
brain development and postnatally as a neurotransmitter to regulate 
multiple physiological functions including aggression . The previous 
results indicate that 5-HT injection into fertilized eggs before incubation 
(prenatal imprinting) reduces chickens’ aggressive behaviors in adult-
hood. The aim of this study was to examine the molecular mechanism 
of 5-HT imprinting-induced changes of chickens’ behaviors . Fertilized 
eggs (n = 34) from a previously identified aggressive chicken strain, 
Dekalb XL (DXL), were used. The eggs were collected within 3 d and 
evenly assigned to 1 of 3 treatments based on the egg weight and col-
lection date: saline (control), 10, and 20 µg 5-HT per egg . The injection 
was performed one day before incubation. Brain samples were collected 
at embryonic d 12 and the mRNA expression of several 5-HT related 
genes were detected using real-time PCR. In the raphe nucleus, the loca-
tion of 5-HT neurons, the mRNA expression of 5HT1B receptor was 
significantly increased in the 20 µg 5-HT group but not the 10 µg 5-HT 
group. The mRNA expression of 5HT1A receptor was also double in 
the 20 µg 5-HT group compared with the control group. There were no 
treatment effects on the mRNA levels of 5-HT transporter and tryptophan 
hydroxylase 2 . In the hypothalamus, both 5HT1A and 5HT1B receptor 
mRNA expressions were doubled in the 20 µg 5-HT group compared 
with the control group. The data indicate that 5-HT imprinting activates 
the 5HT1A and 5HT1B receptor-mediated autoregulatory pathways to 
regulate the serotonergic system development during the early embry-
onic stages, which may contribute to the reduction of aggression found 
previously in the 5-HT imprinted hens . Our current study indicates that 

serotonin injection before incubation regulates the development of the 
serotonergic system during the early brain development .

Key Words: chicken, embryo, serotonin, serotonin receptor, 
aggression

495P   Promotion of adipogenesis by neuropeptide Y during 
the later stages of chicken preadipocyte differentiation. Steven L . 
Shipp*, Mark A . Cline, and Elizabeth R . Gilbert, Virginia Polytechnic 
Institute and State University, Blacksburg, VA.

The orexigenic peptide neuropeptide Y (NPY) may promote energy 
storage in chickens. The objective of this study was to evaluate preadi-
pocyte proliferation and differentiation . The stromal-vascular fraction 
of cells was isolated from the abdominal fat of 14 d-old broilers and 
effects of chicken NPY on proliferation and differentiation determined . 
Preadipocytes were treated with NPY (0, 1, 10, or 100 nM) for 12, 24, 
or 48 h, and total RNA was extracted to measure gene expression and 
a thymidine incorporation assay performed to assess cell proliferation . 
Cells were also treated with NPY during differentiation and mRNA 
abundance, glycerol-3-phosphate dehydrogenase (G3PDH) activity, 
and cell proliferation were evaluated at 8, 10, and 12 d. At 12 h, expres-
sion of Ki67, topoisomerase II α (TOP2A), and thioredoxin-dependent 
peroxidase 2 was upregulated and NPY was downregulated in cells in 
response to NPY (0 vs . 100 nM), but no genes measured were affected 
at 24 or 48 h. Cell proliferation was not affected at 12, 24 or 48 h. At 
d 8 post-induction of differentiation there was increased expression of 
CCAAT/enhancer binding protein β and fatty acid binding protein 4 (0 
vs . 100 nM), and sterol regulatory element-binding protein (0 vs . 10 and 
100 nM) mRNA in NPY-treated cells, and TOP2A was downregulated 
on d 12 in response to NPY treatment (0 vs . 100 nM) . As a percentage 
of total cells, proliferating cells decreased on d 8 post-induction of dif-
ferentiation in response to NPY (0 vs . 10 nM). Activity of G3PDH was 
increased on d 10 and 12 in NPY-treated cells (0 vs . 100 nM) . With an 
increase in expression of proliferation markers in preadipocytes, and 
during differentiation increased expression of transcription factors and 
a fatty acid transporter, and increased activity of G3PDH, an indirect 
marker of triacylglycerol synthesis, results suggest that NPY may 
enhance preadipocyte activity, adipogenesis and promotes lipid accu-
mulation throughout chicken adipocyte differentiation .

Key Words: adipose, adipogenesis, preadipocyte, chick, neuropep-
tide Y

496P   Effect of adipogenic cocktail and different levels of oleic 
acid on adipogenic differentiation of primary mesenchymal stem 
cells isolated from broiler compact bones. Roshan Adhikari* and 
Woo Kyun Kim, University of Georgia, Athens, GA.

The objective of the study was to evaluate the dose response of oleic 
acid (OA) with and without adipogenic cocktail in primary MSCs 
isolated from compact bones of broiler chicks. Two experiments were 
conducted with primary MSCs isolated from broiler chicks. Cells were 
treated with control (C), C + 75, 150, 300, and 600 µM OA with and 
without adipogenic cocktail (DMI containing 500 nM dexamethasone, 
0 .5 mM 3-isobutyl-1-methylxanthine and 20 mg/mL insulin) for 48 h 
in Exp1 and with C and C+ 300 µM OA with and without DMI for 6, 
12, 24, 48 and 96 h in Exp2. Cells were harvested for Oil red O stain 
and gene expression analysis using qRT-PCR. In Exp1, the non-induced 
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cells (control) were negative for Oil red O stain. Cells treated with OA 
alone and with DMI showed increased adipocyte formation in a dose 
response manner, whereas cells treated with DMI alone did not show Oil 
red O stain at 48h. Expression of FABP4 mRNA increased with increas-
ing level of OA in cells, whereas PPARγ mRNA expression decreased 
with addition of DMI at 48 h. In Exp2, 300 µM of OA with and without 
DMI significantly increased expression of C/EBPβ mRNA at 12 h. OA 
alone significantly increased LPL mRNA at 96 h. Expression of PPARγ 
mRNA was measured highest at 24 h; the levels started to increase from 
12 h but decreased to the control level at 48 h. Higher expression of C/
EBPβ mRNA at 12 h could lead to cascade of PPARγ expression in 24 
h, eventually increasing expression of downstream adipogenic genes. 
DMI alone did not have a significant effect, whereas OA upregulated key 
adipogenic transcripts . The study indicates that use of OA alone or OA 
with DMI can induce adipogenic differentiation of chicken MSC derived 
from broiler compact bones, but DMI alone was not sufficient to induce 
adipogenesis in chicken MSC unlike the adipogenic differentiation of 
mammalian MSC, which is mainly dependent on DMI. Current results 
provide rationale for further study regarding regulatory mechanism(s) 
of OA and adipogenic cocktail in changing the fate of MSCs .

Key Words: adipogenesis, adipogenic cocktail, broiler, mesenchymal 
stem cell, oleic acid

497P   Fasting and refeeding affect plasma non-esterified fatty 
acids and adipose tissue mRNA abundance in Japanese quail, 
Coturnix japonica. Guoqing Wang*SC, Betty R . McConn, Mark A . 
Cline, and Elizabeth R . Gilbert, Virginia Polytechnic and State Uni-
versity, Blacksburg, Virginia, USA.

Our objective was to determine how fasting and refeeding affect adipose 
physiology during the early post-hatch period in Japanese quail, Coturnix 
japonica. Quail were fed a commercial gamebird starter diet and indi-
vidually caged. At 7 d post hatch, quail were randomly assigned to one 
of 3 groups (n = 10): fed (provided with continuous ad libitum access to 
feed), fasted (6 h feed withdrawal), or refed (fasted for 6 h and refed for 
1 h). Total RNA was isolated from subcutaneous adipose tissue, reverse 
transcribed and real-time PCR performed to quantify fatty acid binding 
protein 4, CCAAT/enhancer-binding protein α (CEBPα), melanocortin 
receptor 3, neuropeptide Y (NPY), NPY receptors 2 and 5 (NPYR2 
and 5, respectively), and monoglyceride lipase mRNA. Nonesterified 
fatty acid (NEFA) concentrations were measured in plasma. ANOVA 
was performed to determine the effect of feeding treatment on mRNA 
and NEFAs, and Tukey’s test was used to separate the means with an 
α level of significance of P < 0.05. CEBPα mRNA was greater in the 
adipose tissue of fasted than fed quail (P < 0 .05) . Expression of NPYR5 
mRNA was greater in refed than fed or fasted quail adipose tissue (P 
< 0.05). There were increased plasma NEFAs in fasted compared with 
refed or fed birds (P < 0 .05) . These results may provide insights for 
understanding how fasting and refeeding affect lipid metabolism and 
transcriptional regulation of lipid-metabolism associated factors in 
adipose tissue during the early post-hatch period in Japanese quail.

Key Words: quail, fasting, refeeding, adipose tissue, mRNA

498P   Effect of 20(S)-hydroxycholesterol in ovo injection on 
developmental transcripts at the early stage of chick embryo 
development. Roshan Adhikari*, Robert B . Beckstead, and Woo 
Kyun Kim, University of Georgia, Athens, GA.

The objective of this study was to evaluate the early effect of 20(S)-
hydroxycholesterol (20S) on developmental transcripts in stage 15 chick 
embryos. Cobb500 broiler breeder eggs were set in an egg incubator 

at 99°F without rotating. After 50–55 h (stage 14–15) of incubation, a 
part of eggshell was opened in the side of the egg to expose the embryo. 
Eggs were exposed to 1 of 6 treatments: (1) no injection, non-opened, 
(2) no injection but opened, (3) injection with PBS, (4) 0.08 µg of 20S, 
(5) 0 .8 µg of 20S, and (6) 1 .6 µg of 20S. Treatments were loaded to a 
micro-injector, and 1 µL of the solution was injected into vitelline vein 
using a picospritzer III microinjection dispense system . After injection, 
2 drops of penicillin-streptomycin (10×) was added and the opening was 
sealed with plastic tape. The eggs were placed back in the incubator, and 
6 embryos per treatment were collected at 1 h and 3 h post-injection. 
Whole embryo was used for RNA extraction and cDNA synthesis, and 
qRT-PCR was used to analyze expression of mRNA at both time points. 
The treatment with 1.6 µg of 20S significantly increased expression of 
Gli and Col1A2 mRNA at 1 h post-injection compared with treatment 
1. BMP2 expression was significantly increased in embryos treated with 
0 .08 and 0 .8 µg of 20S at 3 h and 1 .6 µg of 20S at 1 h post-injection 
compared with treatment 1. There was no effect of 20S on ABCA1 and 
LBH expression at both time point of injection . Hedgehog (Hh) signal-
ing pathway is important for development of multiple organs and bone 
development in embryos. BMP family is known for signaling early 
development in embryogenesis and bone formation . Positive feedback 
loop of BMP2 plays an intermediate role in Shh signaling which is 
required for proper development of limb bud. Our finding highlights 20S 
could enhance the complex signaling pathway between Hh and BMP 
that could regulate the early patterning events in fetal skeletogenesis . 
Further studies need to be conducted to understand the interaction of 
20(S)-hydroxycholesterol with different signaling pathways of early 
embryo development .

Key Words: in ovo injection, embryogenesis, BMP, Hedgehog, 
20(s)-hydroxycholesterol

499P   Establishment of quail embryonic stem-like cells. 
Mikiharu Nakano*1, Saki Soeda2, Hiroyuki Horiuchi3, and Yoichi 
Matsuda1,2, 1Avian Bioscience Research Center, Graduate School of 
Bioagricultural Sciences, Nagoya University, Nagoya, Aichi, Japan, 
2Laboratory of Animal Genetics, Graduate School of Bioagricul-
tural Sciences, Nagoya University, Nagoya, Aichi, Japan, 3Graduate 
School of Biosphere Science, Hiroshima University, Higashihiro-
shima, Hiroshima, Japan.

Avian pluripotent stem cells, including embryonic stem (ES) cells and 
induced pluripotent stem (iPS) cells, can contribute to most of tissues and 
organs in chimeric embryos . We previously established novel germline-
competent chicken ES cell lines using chicken leukemia inhibitory factor 
(chLIF); however, they possessed very little capacity to differentiate 
into germline cells . Chickens have a disadvantage for performing a 
progeny test to examine the efficiency of germline transmission of 
ES cells because it takes approximately 6 mo for sexual maturity of 
chimeric chickens. Therefore, we have selected the Japanese quail as a 
model animal by the advantages of low maintenance expense and short 
generation time. Here, we demonstrate that blastoderm-derived quail 
ES-like (ESL) cells cultured with chLIF have the capacity for long-term 
successive subculture and the competency for chimeric formation after 
injection into recipient embryos. To confirm the signaling pathways 
required for maintenance of self-renewal and survival of quail ESL 
cells, they were cultured in the presence of JAK inhibitor. Under this 
culture condition, the number of alkaline phosphatase (AP) positive 
colonies significantly reduced. Therefore, quail ESL cells depend on 
the LIF-Jak/Stat pathway for proliferation as with naive-type ES cells.

Key Words: embryonic stem cell, leukemia inhibitory factor (LIF), 
quail, chicken
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500P   Expression and regulation of prolactin-like protein 
(PRL-L) in hen ovarian follicles. Shenqiang Hu*SC, Raj Dugga-
vathi, and David Zadworny, McGill University, Ste-Anne-de-Bel-
levue, Quebec, Canada.

The establishment and maintenance of the follicular hierarchy is required 
for egg production in poultry. PRL is known as a pleiotropic hormone 
that can affect the follicular hierarchy by either acting directly at the 
level of the ovary or indirectly by modulating gonadotropin secre-
tion. Recently, a homolog of PRL, namely PRL-L, has been identified 
in chickens, which can function as a ligand of PRL receptor and is 
widely expressed in a range of extra-pituitary tissues. However, there 
is a paucity of information on the expression and regulation of PRL-L 
in the follicular hierarchy. The objectives of the current study were 
(1) to determine the expression profile of PRL-L in hen ovarian fol-
licles (<2 mm to F1), and (2) to examine gonadotropin regulation of 
PRL-L expression in cultured granulosa cells as well as the underlying 
molecular mechanisms. Ovarian follicles were collected from White 
Leghorn laying hens, and expression of PRL-L mRNA was measured 
using real-time PCR and normalized to 18s rRNA . PRL-L mRNA levels 
were highest in the follicular walls of slow-growing (<2 mm) follicles 
and progressively decreased as follicular diameter increased with the 
lowest levels observed in the rapid-growing (>9 mm) follicles. In 
granulosa cells, the levels of PRL-L decreased with the maturation of 
follicles, with the highest expression in cells from 6- to 8-mm follicles 
and significantly lower levels in cells from the F3–1 follicles. Thecal 
cells did not express PRL-L . In addition, by treating cultured granulosa 
cells in serum-free medium with either 10 ng/mL FSH or LH for 4 h, 
we observed that FSH treatment stimulated PRL-L expression in 6- to 
8-mm cells but inhibited its expression in pre-ovulatory (F3-F1) cells . 
LH suppressed its expression in all granulosa cell classes tested . Finally, 
by using activators and inhibitors, we demonstrated that both PKA and 
PKC signaling pathways were involved in FSH-induced expression of 
PRL-L in 6- to 8-mm granulosa cells . These data suggest that PRL-L 
may have a physiological role in the follicular hierarchy and that it may 
act as a novel downstream target of gonadotropins.

Key Words: chicken, follicle development, granulosa cells, prolac-
tin-like protein, signaling pathway

501P   Effects of virginiamycin in laying hens: lack of egg resi-
dues following 21-day exposure. José E . Butolo1, Lilian M . Pulz2, 
Cesar A . Lopes2, Michael U . Segal2, and Kenneth W . Bafundo*2, 
1JEB Agropecuária Ltda., Mogi Mirim, SP, Brazil, 2Phibro Animal 
Health Corp., Teaneck, NJ.

Due to recent concerns that dried distillers grains with solubles (DDGS) 
may contain minimal residual amounts of virginiamycin (VM), which 
could potentially lead to VM residues in edible and marketable eggs of 
laying hens, a study was conducted to determine the residue content of 
egg albumen and egg yolk following exposure of laying hens to VM in 
feed at the highest dose which is approved in some international loca-
tions. It would make sense that if a high dose of VM does not produce 
measurable egg residues, that negligible potential VM residues remain-
ing in DDGS from ethanol fermentation would also not produce mea-
surable VM residues in eggs of laying hens. Sixteen 19-wk-old laying 

hens of each of 2 breeds, Isa Brown and Lohmann White, for a total of 
32 laying hens, were housed individually and received medicated feed 
containing 20 ppm VM for 21 d. Following the treatment phase, eggs 
were collected following withdrawal periods of 0 and 1 d. Following 
both 0 and 1 d withdrawal periods, VM residues were not detected in 
egg albumen or egg yolk using liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) with a limit of detection (LOD) of 0.025 
mg/kg. These results are consistent with tissue residue profiles for VM 
in other animal species and are in agreement with other studies reporting 
that VM is poorly absorbed from intestinal tracts of domestic animals . 
These findings indicate that eggs produced by laying hens exposed to 
VM for 21 d are free of drug residues and therefore safe for human 
consumption .

Key Words: virginiamycin, layer, residue analysis, egg albumen, egg 
yolk

502P   Influence of different housing systems on laying hen keel 
bone. Victoria Q . Mutch*UG, Prafulla Regmi, Cara I . Robison, and 
Darrin M . Karcher, Michigan State University, East Lansing, MI.

Laying hen keel bone fractures have been a European focus due to 
potential welfare and economic implications. Recently, US restaurants, 
grocery stores, and food manufacturers have made decisions resulting in 
egg producers transitioning from conventional caging (CC) to cage-free 
systems such as the multi-tier aviary systems (AV) . Pullets and laying 
hens will have more opportunities for vertical and horizontal movement 
that can translate to a more robust pullet skeletal system in cage-free 
environments. However, there is minimal information about the timing 
and prevalence of keel fractures in US laying hen flocks. The study 
objective is to measure keel bone deviations and factures from White 
Leghorn pullets housed in CC and AV. The CC stocking density was 15 
birds/cage (248 cm2/bird). The AV housed 218 birds/cage from 0 to 9 
weeks of age (160 cm2/bird). The cage space was then increased (249 
cm2/bird) with additional perch and floor space of 100 cm2/bird. One 
hundred and 20 birds were randomly selected throughout each hous-
ing system at 18 weeks of age. Birds were euthanized and their keels 
were excised for measurement of total length (calcified and uncalcified 
bone). Keel bones were further assessed for deviations and fractures 
on a binary scale. Visual observations were made to determine the 
presence or absence of fractures. Keel bones were processed to obtain 
fat-free ash as an indicator of bone mineral content. Data was analyzed 
using Proc MIXED in SAS 9.4. In AV pullets, 17% of keel bones were 
deviated and 2% were fractured. In CC pullets, 9% of keel bones were 
deviated and 7% were fractured. Total keel length was 8.7 cm in CC 
and 9 .2 cm in AV pullets (P = 0.32). The percentage of keel that was 
calcified was 81.1% in AV and 92.8% in CC (P < 0 .01) . The dry bone 
weight for AV pullets was 3.8 g and 2.8 g for CC pullets (P < 0 .01) . The 
pullet keels from AV contained 47.52% and CC contained 46.98% (P = 
0 .48) mineral content . Therefore, the AV pullets had a similar mineral 
content although the CC pullets had a 10% greater calcification of the 
keel bone. How this translates into the laying hen during the production 
phase needs to be further investigated .

Key Words: keel bone, laying hen, conventional cage, aviary, min-
eral content
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503P   Ileal microbiota of broilers showed a diet-related com-
position of Lactobacillus spp. Emma Galster1, Katharina Burbach1, 
Janka Petrilla2, Gabor Matis2, Zsuzsanna Neogrady2, Jana Seifert1, 
and Korinna Huber*1, 1Institute of Animal Science Faculty of Agri-
cultural Sciences, University of Hohenheim, Stuttgart-Hohenheim, 
Baden-Württemberg, Germany, 2Institute of Physiology and Biochem-
istry, Faculty of Veterinary Sciences, Budapest, Hungary.

The effect of different dietary compositions on the microbial community 
structure was investigated by using a DNA fingerprinting technique 
(T-RFLP). Samples of 6 weeks old broilers fed with 4 different dietary 
treatments varying in carbohydrate source and crude protein (CP) content 
(n = 10 animals per treatment) were obtained from the ileum. DNA was 
extracted from 250 mg of each ileal digesta sample using FastDNA SPIN 
Kit for Soil (MP Biomedical). 16S rRNA gene fragments were amplified 
according to (Burbach et al., 2015) using 27F,5′ labeled with 6-car-
boxyfluorescein (FAM), and 1492R. Triplicates of the HaeIII digested 
PCR product were separated and analyzed on an ABI 3130xI Genetic 
Analyzer (Applied Biosystems) . The abundance of each fragment (T-RF) 
was standardized by the total fragment area within each sample. T-RFLP 
data set was statistical analyzed using PRIMER (v.7.0.10, PRIMER-E; 
Plymouth Marine Laboratory, UK). In total 88 different T-RFs were 
detected among all samples. In general, T-RFLP profiles of each single 
broiler showed differences within a dietary group. Two T-RFs appeared 
in all samples of ileal digesta, regardless the dietary treatment: T-RF 244 
(average abundance of 38%) and T-RF 323 (average abundance of 7%). 
T-RF 244 can be assigned to be Lactobacillus crispatus and T-RF 323 
L. salivarius. Both are known as common members of broiler gut. In 
addition, significant diet effects (P < 0.05) were approved for T-RF 226, 
T-RF 277 and T-RF 330 with significant higher abundance of T-RF 226 
and T-RF 277 (L. salivarius) in group of reduced CP level and significant 
higher abundance of T-RF 330 (L. taiwanesis) in group of normal CP 
level . Thus, changes of the carbohydrate source and the level of crude 
protein seem to induce a change in abundance of the certain bacterial 
community members in the ileum of broilers .

Key Words: broiler, microbiota, ileum, grain, lactobacilli

504P   Bioinformatic integration of two independent studies 
on gene expression of breast muscles in modern broiler pedigree 
chickens compared with unselected heritage chickens. Byung-Whi 
Kong*1, Dongwon Seo1, Nicholas Hudson2, Buhwan Khatri1, and 
Walter G . Bottje1, 1University of Arkansas, Fayetteville, AR, 2The 
University of Queensland, St. Lucia, Australia.

Modern broiler chickens showed rapid growth (particularly skeletal 
muscle), large muscle mass, and much higher feed efficiency compared 
with unselected chicken breeds. To identify differentially expressed 
(DE) genes in breast muscles between broiler and unselected chickens, 
RNA sequencing (RNaseq) was conducted with breast muscle from 
pedigree broilers (PB) and from unselected Barred Rock (BR) chickens 
(n = 6 per group). The RNaseq analysis was carried out using Illumina 
Hiseq (2 × 100 paired end read) and raw reads were assembled using 
the galgal4 reference chicken genome. Recently, a similar RNaseq 
study was reported for the comparison of breast muscle transcriptome 
between pedigree (Ross) broilers and legacy (Illinois) chickens [Davis 
et al ., 2015 . PLOS One . 10(3):e0122525] . To integrate the 2 independent 
studies, raw RNaseq data reported by Davis et al. was downloaded from 
GEO database and re-analyzed using the same parameters used in our 

study. Similar numbers of DE genes, 2464 and 2258, were identified for 
comparisons of PB vs . BR and Ross vs . Illinois, respectively . Interest-
ingly only 274 genes in these data sets showed opposite direction of DE 
(i.e., up- and downregulation). The IPA analyses with 2 independent DE 
sets produced similar results for canonical pathway expression includ-
ing carbohydrate metabolism, cell growth/proliferation, skeletal muscle 
system development for both DE sets, indicating that cellular mecha-
nisms in modern broiler lines are tightly associated with rapid growth 
and differential muscle fiber contents compared with unselected chicken 
breeds . Particularly, PDGF signaling, NFE2L2 mediated oxidative stress 
response pathways, myostatin-follistatin interactions, PRKAG3 and 
LIPE may be core regulatory mechanisms for myogenic development 
and nutrient/lipid metabolisms. The results provided additional insights 
into mechanisms to regulate muscle growth and fiber composition by 
accumulation of genetic merits during selection periods .

Key Words: RNA sequencing, breast muscle, broiler, unselected 
chicken, bioinformatic pathway analyses

505P   Association of live parameters with white striping at var-
ious ages in male broiler chickens. Karen D . Christensen1, Shawna 
L . Weimer1, Barbara A . Mallmann1, Xiao Sun1,2, Casey M. Owens1, 
and Dawn A. Koltes*1, 1University of Arkansas, Fayetteville, AR, 
2Nanjing Agricultural University, Nanjing, Jiangsu, China.

White striping (WS) is a myopathy in modern broiler chickens that is 
characterized by adipose tissue infiltration parallel to the myofiber. This 
infiltration gives the appearance of striping in the pectoralis major and 
lowers consumers’ intent to purchase. Identification of live broilers at 
risk of WS may allow strategies to be developed to mitigate WS. Cur-
rently, there are not any known live indicators of WS in broiler chickens. 
Therefore, the purpose of this study was to determine if body weight, 
breast width, or breast circumference in a live broiler would be associ-
ated with WS score at 7 wk of age. After hatch, 56 male broiler chicks 
were divided into 4 litter floor pens. Individual body weights, breast 
width, and breast circumference (BC) were measured on d 8, 22, 29, 36, 
and 43. Breast width was measured using calipers. BC was measured 
using a cloth measuring tape that was stretch from wing pit to wing pit. 
Broilers were processed on d 49 and scored (0 to 3, normal to severe) for 
WS by trained personnel . After mortalities and processing, 47 broilers 
had full data. Data were analyzed using SAS with pen fit as a random 
effect and WS score was fit as a fixed effect. Broiler was considered 
the experimental unit. WS scores for broiler in this study were 1 (n = 
21), 2 (n = 25) or 2.5 (n = 1). Due to only a single broiler with a score 
of 2.5, this category was removed from the study. Individual body 
weights were greater in broilers with higher WS scores at d 36 and 43 
(P < 0.02). Breast width was greater in broilers with higher WS scores 
at d 22 and 43 (P < 0 .05), and tended to be greater at d 36 (P < 0 .06) . 
BC was greater at d 43 (P < 0 .02) and breast tended to be greater at d 
36 (P < 0.08) in broilers with higher WS scores. Pearson correlation 
coefficients between WS and individual body weight on d 36 and 43 (r 
> 0 .33; P < 0.02), breast width on d 21, and 43(r > 0.30; P < 0 .05), and 
BC on d 43 (r = 0 .36; P < 0.04) were significant. In conclusion, differ-
ences in body weight, breast width, and BC were identified between WS 
scores of 1 and 2; however, these differences were often not detectable 
until broilers were 43 d of age.

Key Words: breast width, breast circumference, body weight, white 
striping
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506P   Effects of corticosterone on gene expressions of neuro-
endocrine stress hormones in isolated chick brain slices in vitro. 
Gurueswar Nagarajan*, Seong W. Kang, and Wayne J. Kuenzel, 
University of Arkansas, Fayetteville, AR.

Apart from the traditional paraventricular nucleus (PVN), a new brain 
structure, the nucleus of the hippocampal commissure (NHpC), was 
identified in the avian neuroendocrine regulation of stress response. 
Recent studies from our laboratory have shown that both the PVN and 
NHpC are involved in the regulation of hyperosmotic, immobilization 
and social stressors . Based on the presence of corticotropin-releasing 
hormone (CRH) and/or arginine vasotocin (AVT) in the PVN and NHpC, 
it was hypothesized that the response to the corticosterone (CORT) 
negative feedback mechanism in the neuroendocrine stress pathway are 
different in the 2 brain structures . Thus, an organotypic brain slice culture 
experiment was conducted. Brains from 3 to 7 d post hatch chicks were 
dissected and brain slices of 400um thickness were obtained using a 
vibratome in an aseptic ice-cold environment . After microdissection of 
the PVN and NHpC, they were separated and maintained under the same 
brain slice culture environment . After 12 d in culture, both the PVN and 
NHpC containing slices were tested for dose (3 nM or 30 nM) and time 
(3 or 6 h) dependent responses of CORT . Relative gene expression of 
levels of AVT and CRH were measured using RT-qPCR. A smaller dose 
of 3nM for 3hrs showed downregulation of AVT greater than CRH in 
the PVN, however, at 6 h AVT returned to baseline levels while CRH 
remained suppressed . A higher dose of 30nM of CORT for 3 h and 6 h 

strongly suppressed CRH greater than AVT in the PVN . In the NHpC, 
3 nM treatment strongly downregulated CRH, while a higher dose of 
30 nM increased CRH gene expression . Results from this study indicate 
that the feedback sensitivity of CRH/AVT in the PVN and CRH in the 
NHpC differ based upon different concentrations of CORT . Addition-
ally, an extensive in vivo dose-response study with CORT is suggested 
to understand its role at the level of the brain .

Key Words: brain, culture, CRH, vasotocin, corticosterone
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513P   Effects of scalding method and sequential tanks on 
broiler processing wastewater loadings. Caitlin E . Harris*SC,1, 
Dianna V . Bourassa2, R . Jeff Buhr2, and Brian H . Kiepper1, 1Uni-
versity of Georgia, Athens, GA, 2USDA-ARS US National Poultry 
Research Center, Athens, GA.

The effects of scalding time and temperature, and sequential scalding 
tanks was evaluated based on impact to poultry processing wastewater 
(PPW) stream loading rates following the slaughter of commercially 
raised broilers. On 3 separate weeks (trials), broilers were obtained 
following feed withdrawal, transported to the pilot plant weighed, and 
then electrically stunned and bled for 2 min in 4 sequential batches (n 
= 16 broilers/batch, 64 broilers/trial). Each batch of 16 carcasses was 
subjected to either hard (60.0°C for 1.5 min total time) or soft (52.8°C 
for 3 min total time) immersion scalding in 3 successive scalding tanks . 
Following the scalding of each batch, a representative 1-L sample of 
PPW from each 740-L scalding tank was collected and put on ice. Each 
PPW sample was analyzed for concentration (mg/L) of chemical oxygen 
demand (COD), total solids (TS), and total volatile solids (TVS) . A PPW 
load in grams per kilogram of live weight (g/kglwt) was calculated for 
each concentration (mg/L) data point. There were significant (P ≤ 0.05) 
differences in PPW loading between the scalding treatments for COD, 
TS and TVS in scald tanks 1 and 2; however, there were no significant 
differences in scalding tank 3. There were also significant (P ≤ 0.05) 
differences in PPW loading between the sequential scalding tanks for 
COD, TS and TVS, with the highest loading rates being generated in 
tank 1 and the lowest in tank 3. Mean loadings (g/kglwt) in tank 1 for 
soft vs. hard scald were COD 0.645 vs. 0.456, TS 0.779 vs. 0.388, and 
TVS 0.636 vs. 0.349. Mean loadings (g/kglwt) in tank 2 for soft vs . hard 
scald were COD 0.201 vs. 0.188, TS 0.562 vs. 0.201, and TVS 0.349 
vs. 0.149. Mean loadings (g/kglwt) in tank 3 for soft vs. hard scald were 
COD 0 .112 vs . 0 .111, TS 0 .163 vs . 0 .128, and TVS 0 .106 vs . 0 .111 . 
The results of this work indicate that scalding protocols (hard vs. soft) 
may affect PPW .

Key Words: wastewater, poultry processing, immersion scalding, 
chemical oxygen demand, total volatile solids

514P   Spatial influence on breast muscle morphological 
structure, myofiber size, and gene expression associated with the 
wooden breast myopathy. Daniel L . Clark* and Sandra G . Velle-
man, The Ohio State University, Ohio Agricultural Research and 
Development Center, Wooster, OH.

The wooden breast (WB) myopathy is identified by palpation of a rigid 
breast muscle (pectoralis major, p . major) in broilers . The objective of 
this study was to determine spatial differences throughout the p. major 
muscle in broiler lines expressing WB (Lines A and B) and a line without 
incidence of WB (Line C). Pectoralis major morphology was evaluated 
at the anterodorsal (AD), anteroventral (AV), mid-ventral (MV) and 
posteroventral (PV) positions. At each location average fiber size and 
the number of large (>70 µm) and small diameter fibers (<10 µm) were 
determined . Myogenic determination factor 1 (MYOD1), myogenin, and 
decorin expression were also measured. In Line A, WB affected muscle 
fibrosis was greatest in the AD and AV locations. In Line B, fibrosis was 
highest in the AV region and minimal in the AD region . Average p . major 
myofiber diameter was 30% larger (P ≤ 0.01) in Lines A and B compared 
with Line C. The percentage of small fibers in Line A was increased 
(P ≤ 0.04) in WB affected muscle compared with unaffected muscle. 

Small myofibers are likely regenerating fibers due to the activation of 
satellite cells, a myogenic stem cell that mediates hypertrophic growth 
and regeneration . In support, myogenic regulatory factors, MYOD1 and 
myogenin were increased (P ≤ 0.04) in WB affected muscle. Unlike 
Line A, the percentage of small fibers and MYOD1 expression was 
not different (P ≥ 0.18) between the affected and unaffected muscle 
in Line B. Myogenin was increased (P ≤ 0.05) in WB affected muscle 
at the AD, AV, and MV regions in Line B. Collagen fibrils were more 
tightly compact in WB affected muscle of Line A compared with Line 
B. Differences in collagen fiber structure may be caused by decorin, an 
anti-fibrotic proteoglycan that mediates collagen crosslinking. Decorin 
expression was increased (P ≤ 0.04) at all locations within Line A and 
only in the most fibrotic regions in Line B. These data demonstrate that 
WB manifestation is not uniform throughout the p. major or between 
lines . The AD region is the primary region affected by the WB myopathy .

Key Words: broiler, decorin, fiber size, satellite cell, wooden breast

515P   Effect of probiotic supplementation on meat qual-
ity attributes of broilers exposed to chronic heat stress. Traci 
Cramer*SC,1, Hyun-Wook Kim1, Derico Setyabrata1, Weichao Wang2, 
Feifei Yan2, Heng-Wei Cheng2, and Yuan H . B . Kim1, 1Department 
of Animal Sciences, Purdue University, West Lafayette, IN, 2Livestock 
Behavior Research Unit, USDA-ARS, West Lafayette, IN.

Heat stress (HS) adversely affects broiler performance and meat quality. 
Recent studies found that feeding probiotics to broilers alleviates these 
negative effects by improving their gut health and nutrient absorption . 
However, little to no research has been performed to determine the 
effect of probiotic feeding on meat quality of broilers exposed to high 
temperature. The objective of this study was to determine the effect 
of dietary supplement of Sporulin on the oxidation stability and meat 
quality of HS broilers. Male Ross 708 chicks (n = 240) were evenly 
assigned to 48 pens within 2 environmentally controlled rooms. HS 
broilers were kept at 32°C in one room, while control temperature was 
21°C in the other room. Control-fed broilers were fed a regular diet, 
while probiotics-fed received Sporulin (250 ppm; containing B. subti-
lis). At d 46, birds from each treatment (n = 12) were harvested and pH 
of breast muscles (m. pectoralis) was recorded for 4.5 h postmortem. 
After 18 h postmortem, breast muscles were removed from carcasses 
and assigned to 1 or 5 d postmortem storage times . Drip loss, shear 
force, color, and 2-thiobarbituric reactive substances (TBARS) were 
measured for samples at each storage time. Mixed procedure of SAS was 
used for data analysis, and means were separated (P < 0 .05) using least 
significant differences. No significant main effect was found on either 
pH or color. Drip loss showed a tendency to decrease with addition of 
Sporulin (P = 0.06). There was a tendency for shear force in HS meat 
to increase compared with control, but Sporulin decreased shear force 
of breast muscles from heat-stressed broilers. TBARS increased with 
storage time in the meat from HS broilers (P = 0.02), but was reduced 
by feeding Sporulin (P = 0 .06), indicating improved oxidation stability . 
The current results indicate that probiotic supplementation may lessen 
adverse effects of heat stress on meat quality attributes. Further studies 
elucidating underlying mechanisms by which probiotics feeding protects 
muscle tissue oxidation induced by heat stress should be warranted.

Key Words: heat stress, probiotics, Bacillus subtilis, meat quality, 
oxidative stability
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516P   Assessing the microbiomes of scalder and chiller tank 
waters throughout a typical commercial poultry processing 
day. Aude Locatelli*1, Kelli L . Hiett2, and Michael J . Rothrock 
Jr .1, 1USDA, Agricultural Research Service, US National Poultry 
Research Center, Egg Safety and Quality Research Unit, Athens, 
GA, 2USDA, Agricultural Research Service, Poultry Microbiological 
Safety and Processing Research Unit, Athens, GA.

The commercial poultry processing environment plays a significant role 
in reducing foodborne pathogens and spoilage organisms from poultry 
products before being supplied to consumers . While understanding the 
microbiological quality of these products is essential, little is known 
about the microbiota of processing water tanks within the processing 
plant. Therefore, the goal of this study was to assess the microbiomes 
of the scalder and chiller tanks during a typical commercial processing 
day, and determine how bacterial populations, including foodborne 
pathogens and spoilage organisms, change during the processing 
day in relation to the bacterial communities as a whole. Additionally, 
considering this is the first microbiomic analysis of processing tank 
waters, 2 water-sampling methods were also compared. Results of this 
study show that Proteobacteria and Firmicutes represented over half 
of the sequences recovered from both tanks at the phylum-level, but the 
microbiomic profiles needed to be analyzed at the genus-level to observe 
more dynamic population shifts. Bacteria known to predominate in the 
live production environment were found to increase in the scalder tank 
and gram-negative spoilage-related bacteria were found to decrease in 
the chiller tank throughout the processing day . Directly sampling the 
scalder water, as compared with analyzing filtered samples, resulted in 
significantly different microbiomic profiles dominated by Anoxybacillus 
spp. While no sequences related to major foodborne pathogens were 
found, further sampling collection and processing optimization should 
provide researchers and the poultry industry a new tool to understand 
the ecological role of spoilage and pathogenic bacteria within process-
ing tank waters.

Key Words: processing, microbiome, food safety, spoilage

517P   Effect of late heat stress on breast meat quality fed 
different sources of zinc and manganese. Danny Portillo*SC,1, 
Marco A . Rebollo2, Christine Z . Alvarado1, and Jason T . Lee1, 1Texas 
AgriLife Research, College Station, TX, 2Zinpro Corporation, Eden 
Prairie, MN.

An experiment was conducted to investigate the effect of late heat stress 
on breast meat quality when fed different sources of zinc (Zn) and 
manganese (Mn). The experiment was a randomized block including 3 
dietary treatments, with 15 replicates of 43 male broilers per replicate, 
raised in a non-heat stress environment, until d 28 of age . All treatments 
included 140 ppm each of Zn and Mn throughout the experiment . The 
Control included Zn and Mn provided exclusively through sulfates, 
while 2 additional treatments replaced a portion of either Zn (40 ppm) 
or both Zn and Mn (40 ppm each) from amino acid complexes . Broil-
ers were fed starter (0 to 10 d; crumble), grower (11 to 22 d; pellet) 
and finisher (23 to 43 d; pellet) diets. On d 28, 360 birds (120 birds per 
treatment) were removed from a thermo-neutral environment and placed 
into a facility where they were subject to increased temperatures (33°C 
for 12 daytime h and 23°C for 12 evening h). Heat stress decreased (P 
< 0.05) live body weight and carcass yield. Breast meat from broilers 
subject to heat stress exhibited increases (P < 0 .05) in the coordinates 
L*a*b (lightness, redness, and yellowness), when compared with Control 
broilers . Replacement of 40 ppm Zn from ZnSO4 with Zn amino acid 
complex reduced (P < 0.05) breast meat yellowness, compared with the 
Control. Substitution of Zn and Mn with amino acid complexes reduced 

(P < 0.05) the lightness and redness of the breast fillet, compared with 
the Control. No interactions existed between environment and mineral 
source. White striping was reduced (P < 0.05) in broilers fed diets with 
the replacement of 40 ppm Zn amino acid complex . These data indicate 
that the inclusion of trace mineral amino acid complexes can be used to 
improve breast meat quality in broilers.

Key Words: heat stress, zinc, manganese, broiler

518P   Marination performance of broiler breast fillets. Brian 
Bowker* and Hong Zhuang, USDA-ARS, US National Poultry 
Research Center, Athens, GA.

Vacuum-tumble marination is commonly used to enhance the quality 
of whole or portioned boneless breast fillets. The relationship between 
the marination performance of whole fillets and fillet sub-samples is not 
well understood. The objective of this study was to compare marination 
performance of fresh and frozen-thawed whole breast fillets and fillet 
portions. Paired right and left broiler breasts (pectoralis major) were 
marinated as whole fillets or sub-samples from the cranial (CR) and 
mid-caudal (CA) portions of the fillets. Samples were marinated at 24 h 
postmortem (fresh) or stored at −20°C before sampling and marination 
(frozen-thawed). Samples were vacuum-tumbled (559 mmHg, 8 rpm, 
4°C) in 20% wt/wt brine (5% NaCl, 3% STP). Samples were weighed 
pre-marination, during marination (15, 30, and 45 min), and 24 h post-
marination. Samples were cooked to 75°C in a combi-steam oven for 
determination of cook loss. Brine uptake was greater (P < 0 .0001) for 
CA samples than whole fillets or CR samples after 15 min of marina-
tion. After 30 min, brine uptake was greater (P < 0 .05) for CA and 
whole samples than CR samples. After 45 min, brine uptake for fresh 
samples was greatest in whole fillets, intermediate for CA samples, 
and least in CR samples. For frozen-thawed samples, brine uptake at 
45 min was greater (P < 0.0001) for CA and whole samples than CR 
samples. For sub-samples, brine uptake at 30 min was greater (P < 0 .05) 
in frozen-thawed versus fresh fillets. Differences in brine retention due 
to treatment (fresh versus frozen-thawed) or sampling (whole versus 
sub-sample) were not observed. Cook loss was similar between fresh 
and frozen-thawed samples but was greater (P < 0 .0001) in sub-samples 
compared with whole fillets. Correlations between whole fillet and CR 
sample brine uptakes were greater in fresh (r = 0.64–0.78) than frozen-
thawed samples (r = 0.39–0.59). Correlations between whole fillet and 
CA sample brine uptakes were greater in frozen-thawed (r = 0.79–0.82) 
than fresh samples (r = 0.46–0.63). Thus, the relationship between the 
marination performance of whole breast fillets and fillet portions is 
dependent upon prior sample handling and intra-fillet sampling location.

Key Words: broiler, breast meat, marination

519P   Effect of myopathies on meat quality and protein charac-
teristics of broiler breast meat. Brian Bowker* and Hong Zhuang, 
USDA-ARS, US National Poultry Research Center, Athens, GA.

The wooden breast (WB) and white striping (WS) conditions are abnor-
malities that occur in the breast muscles of modern broilers . Although 
WB and WS are known to adversely affect meat quality, the underlying 
effect of these conditions on muscle proteins are not well understood. 
The objective of this study was to determine the effects of WB and WS 
on the meat quality and protein characteristics of broiler breast meat. 
Breast fillets (pectoralis major) were collected at 3 h postmortem from 
a commercial processing plant and segregated into 4 groups: control 
(neither WS nor WB), moderate WS-WB (moderate for both WS and 
WB), severe WS-WB (severe for both WS and WB), and severe WS 
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(severe WS, no WB). Fillets (n = 24) were evaluated for pH, color, 
texture (razor shear method), water holding capacity (salt-induced water 
uptake), sarcomere length, protein solubility, exudate protein content, 
and muscle protein composition by SDS-PAGE analysis . Shear energy 
was greater in severe WS-WB than control fillets (P < 0.001), with 
moderate WS-WB and severe WS samples intermediate . Salt-induced 
water uptake was greater in control than severe WS-WB fillets (P < 
0.05), with moderate WS-WB and severe WS samples intermediate. 
Fillets with WS or WB exhibited greater cook loss than controls (P < 
0.01). Sarcomere length was shorter in controls compared with fillets 
with WS or WB (P < 0.05). Sarcoplasmic protein solubility was lower 
in fillets exhibiting WS or WB compared with controls (P < 0 .01), but 
myofibrillar protein solubility was not different between groups. The 
protein concentration of the moisture lost from the fillets as exudate 
was greater in controls compared with WS or WB fillets (P < 0 .0001) . 
Electrophoretic protein profiles indicated that the composition of the 
myofibrillar and sarcoplasmic protein fractions of the muscles were 
influenced by both WB and WS. Data demonstrate that the WB condition 
has a more negative effect on meat texture and water-holding capacity 
attributes than WS, and that both myopathies cause changes in muscle 
protein characteristics related to meat quality attributes.

Key Words: breast meat, wooden breast, white striping, meat quality, 
muscle proteins

520P   Low pH processing aid to lower the presence of naturally 
occurring Campylobacter on whole broiler carcasses. Melissa A . 
Landrum*1, Nelson A . Cox2, Mark E . Berrang2, Douglas E . Cosby2, 
and Gene M . Pesti1, 1Department of Poultry Science, University of 
Georgia, Athens, GA, 2USDA, US National Poultry Research Center, 
Athens, GA, USA.

The USDA Food Safety Inspection Service (FSIS) has enacted perfor-
mance standards for poultry processing facilities that include regulations 
for Campylobacter, making it critical for companies to minimize its 
prevalence. Our objective was to assess a low pH processing aid, CMS 
PoultrypHresh (LPPA), for reducing naturally occurring Campylobacter 
on whole broiler carcasses. In this experiment (3 replicates), 18 whole 
broiler carcasses were aseptically collected pre-chill from a commercial 
processing facility. Carcasses (n = 6) were individually placed into 38-L 
polyethylene containers containing either 20 L tap water (pH = 7.3) or 
LPPA solution (pH = 1.4). Each carcass was submerged for 20 s and 
subjected to air agitation. After treatment, each carcass was drained for 
5 s, placed into a plastic bag, and mechanically rinsed in 400 mL of 
buffered peptone water (BPW) for 60 s. Six carcasses served as untreated 
controls, with no air agitation and were rinsed as above. Rinsates from 
each carcass were tested using FSIS Campylobacter methodology, 30 
mL of 2× blood-free Bolton’s broth (2× BF-BEB) to 30 mL of rinsate 
in a tissue culture flask and incubated microaerobically (5% O2, 10% 
CO2, 85% N2) for 48 h at 42°C before plating onto Cefex agar incubated 
48 h under the same conditions; 250 µL of rinsate was plated onto each 
of 4 Cefex plates and incubated as above . Campylobacter was con-
firmed microscopically and by latex agglutination. In the first 2 reps, 
9/12 (75%), 5/12 (41.7%), and 0/12 (0%) of untreated, water treated 
and LPPA treated samples were positive for Campylobacter presence, 
respectively . In the 3rd rep, naturally occurring Campylobacter were 
enumerated and the untreated, water treated and LPPA treated had log 
3 .84, log 3 .42, and log 1 .96, respectively, of Campylobacter per mL of 
carcass rinse . This study demonstrated that the use of an agitated LPPA 
20-s dip at pH 1 .4 can eliminate Campylobacter on poultry carcasses 
and when positive, can dramatically reduce levels by greater than 95% 

when compared with untreated and water treated carcasses. This should 
allow poultry processors to meet the new FSIS regulations.

Key Words: Campylobacter, CMS PoultrypHresh, broiler, carcass 
rinse, immersion

521P   Effect of dietary flax seed and carbohydrase enzyme on 
muscle lipid quality in broiler chickens. Francine Vercese and Gita 
Cherian*, Oregon State University, Corvallis, OR.

Chicken meat with less fat and high n-3 fatty acids (FA) is important 
for health-conscious consumers. Due to the high content of α-linolenic 
acid, flax seed is a good source for increasing n-3 FA in poultry meat. 
However, non-starch polysaccharides (NSP) in flax reduce digestibil-
ity and tissue FA incorporation . Addition of carbohydrase enzymes to 
flax-based diets can reduce the effects of NSP. Previous studies have 
shown that flax seed in combination with enzymes in broiler diets 
reduces liver triglyceride while increasing n-3 FA content in tissues. 
The present study was conducted to evaluate the effect of flax seed and 
carbohydrase enzyme addition on lipid quality and distribution of n-3 
FA between muscle triglyceride and phospholipid classes of broilers. 
Breast and thigh muscle (pectoralis major and biceps femoris) (n = 8) 
were collected from broilers fed isocaloric, isonitrogenous corn-soy 
diets: Control (0% Flax), Flax (15% flax), and Flax+E (Flax+0.05% 
enzyme; Omegazyme). Total lipids and triglyceride content was lowest 
in the breast muscle of birds fed Flax+E diet (P = 0 .006) . No difference 
was found in the total lipid content of thigh muscle (P > 0 .05) . Dietary 
flax seed led to increases in n-3 FA content in the breast and thigh muscle 
triglyceride compared with Control (P = 0 .05) . Long chain (>20-C) n-3 
FA was highest in breast muscle phosphatidylethanolamine of broil-
ers fed flax diets (P = 0 .009) . Lipid oxidation products measured as 
thiobarbituric acid reactive substances (TBARS) were lowest in breast 
muscle of broilers fed Flax+E diets (P = 0.001). TBARS were lowest 
in the thigh muscle of broilers fed Control diet (P < 0 .0001) . Addition 
of enzyme led to reduction in thigh TBARS in Flax+E when compared 
with Flax (P = 0.009). Consumers are becoming more aware of the effect 
of diet on their health and are opting for lean meat. Understanding how 
carbohydrase enzyme controls lipid metabolism in broilers is critical 
to formulating diets that produce lean meat with high n-3 FA content. 
This will also provide an opportunity for the broiler production sector 
to add value to their product .

Key Words: flax, n-3 fatty acid, triglyceride, carbohydrase, thiobar-
bituric acid reactive substances

522P   Relationship of strain and age on meat quality mea-
surements in broiler breast meat. Jessica L . Solo1, Barbara A . 
Mallmann1, Xiao Sun1,2, Famous L . Yang1, and Casey M. Owens*1, 
1University of Arkansas, Fayetteville, AR, 2Nanjing Agricultural 
University, Nanjing, Jiangsu, China.

Boneless broiler breast meat is one of the most popular choices of 
protein in the US, and it is sourced from birds that can vary in size/age. 
Most boneless breast meat comes from broilers that are 6 wk of age and 
older. Previous research indicates that meat quality may be negatively 
affected in big bird markets relative to small bird markets . This study 
was conducted using 2 commercial broiler strains (A and B) to determine 
a relationship between strain and age using meat quality. Specifically, 
broilers used in this trial could all fit the large bird deboning markets. 
Male broilers were weighed, commercially processed at 45 d, 63 d, and 
70 d of age, and scored for white striping (WS) and woody breast (WB) 
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categories . Compression force (CF) and sarcomere length (SL) measure-
ments were taken on raw meat samples. Fillets were cooked to 76°C 
and Meullenet-Owens razor shear energy (MORSE) and the blunted 
version (BMORSE) measurements were determined to assess shear 
properties . Cook loss and peak counts (PC-MORS and PC-BMORS) 
during shearing were calculated. Strain did not affect live weight, but 
broilers increased (P < 0.05) in weight as they increased in age (3.5, 
5.2, and 5.6 kg for 45, 63 and 70 d, respectively). Meat quality results 
showed no difference (P > 0.05) between strains regardless of age for 
mean WS scores, mean WB scores, CF, SL, CL, MORSE, BMORSE, 
PC-MORS and PC-MORS. However, age affected meat quality, but 
this was associated with the change between 45 d and either 63 or 70 
d. Fillets from 45 d broilers had lower (P < 0 .05) values in all attri-
butes with exception of SL which was not affected (P > 0 .05) by age . 
However, meat quality measures were not different (P > 0.05) between 
fillets from broilers raised to 63 and 70 d. Results of this study suggest 
that age has a greater effect on meat quality than strain. Future studies 
should evaluate more age time points to determine meat quality trends 
associated with growing broilers.

Key Words: woody breast, meat quality, strain, age

523P   Consumer sensory evaluation on woody breast from 
broilers of various ages. Jessica L . Solo, Tonya P . Tokar, Han-Seok 
Seo, and Casey M. Owens*, University of Arkansas, Fayetteville, AR.

Woody breast (WB) has become a major issue in the poultry industry 
worldwide. Meat quality has been negatively affected by this condition 
in some aspects, and severity of WB increases with age. This study was 
conducted to assess consumer acceptability of normal (NORM) and 
woody breast meat (MOD for mild woody and SEV for severe woody 
texture) from broilers 45 or 63 d of age . Non-marinated samples (2 .5 
× 2.5cm) were served to 70 consumers recruited based on chicken 
consumption. A 9-point hedonic scale was used for overall impression, 
texture liking, and flavor liking, while a 5-point just-about-right (JAR) 
scale was used for tenderness and juiciness. Using the agglomerative 
hierarchical analysis, participants were segmented into 3 groups based 
on overall liking of the chicken breast samples tested in this study . The 
mean age of participants for Group A was 51.2 (n = 23) and this was 
higher (P < 0 .05) than Group B at 40 .6 (n = 24) and Group C at 41 .2 (n 
= 23), which were not different (P > 0.05). Income levels were higher (P 
< 0.05) for Group C than the other groups. Sensory data was analyzed 
using “segmentation” (group), “woody” and “age” as the main effects 
including their interaction . For overall impression and texture liking, 
there were segmentation x woody interactions, which showed that Group 
C had a higher (P < 0.05) score for SEV compared with NORM while 
no differences were noted in the other groups. For flavor liking, there 
was no impact of woody breast, but there was a segmentation x flavor 
interaction where Group C had higher (P < 0.05) flavor liking scores 
for fillets from 63 d broilers than those from 45 d. Furthermore, for the 
SEV meat, fillets from 45 d birds had higher JAR tenderness and JAR 
juiciness than those from 63 d, but no age difference was observed for 
NORM meat (P > 0.05); for MOD meat, fillets from 63 d birds had higher 
JAR juiciness than those from 45 d . Results from this study suggest 
that severe woody breast may have positive texture acceptability with 
some consumers (e.g., those with higher household income level). More 
research is needed to determine the reason for increased acceptability 
associated with particular groups of consumers.

Key Words: woody breast, consumer, sensory

524P   Effect of feed ingredients and breed of chicken on meat 
quality. Tatijana Fisher*1, Anthony Pescatore1, Jacquie Jacob1, 
Austin Cantor1, Mike Ford1, and Tuoying Ao2, 1University of Ken-
tucky, Lexington, KY, 2Alltech Inc., Nicholasville, KY.

The objective of this study was to evaluate the effect of alternative feed 
ingredients on the meat quality of 3 chicken breeds: commercial broilers 
(BR), Rhode Island Reds (RIR), and a Black Sex-Link cross (BSL) . A 
3 × 5 factorial arrangement of breeds and dietary treatments was used 
with the following isocaloric (3000 kcal AME/kg) and isonitrogenous 
(20% CP) diets: (1) corn-soybean meal (CS) based diet; (2) ~30% of CS 
in diet 1 replaced with field peas (P); (3) diet 2 with a dietary enzyme 
complex (Allzyme SSF, Alltech Inc.) added at 0.02% of diet (P+); (4) 
~50% of CS in diet 1 replaced with a mix of field peas, buckwheat, 
and flax seed (M); (5) diet 4 with 0.02% Allzyme SSF added (M+). 
Samples were taken from one bird per pen for a total of 15 male BR at 
42 d of age, and 15 male RIR and 10 male BSL at 96 d of age . Breast 
meat color was measured using L*a*b* coordinates. No breed or diet 
effects were noted for lightness. BR breast meat was significantly (P < 
0 .05) redder than RIR and BSL breast meat . Breast meat of birds fed 
CS was yellower (P < 0.05) than those fed other diets. Drip loss was 
determined after 7d of storage with no significant differences among 
breeds or diets for boneless skinless breast (3.00 ± 0.97%) or leg quarters 
(0.45 ± 0.19%). Boneless skinless breast filets and deboned skinless 
thighs were individually stored in PVC-overwrapped Styrofoam trays 
in a retail display cooler at 4°C for 6 d. To determine lipid peroxida-
tion, 2-thiobarbituric acid reactive substances (TBARS), 5-g samples 
of each tissue were removed at d 1, 4, and 6. There was no significant 
difference between TBARS values for breast and thigh. For all meat 
samples, TBARS increased over time . At each time point, BR had 
significantly lower TBARS values than RIR and BSL. Birds fed CS, 
P, and P+ had significantly lower TBARS values than birds fed M and 
M+. Birds fed M+ had significantly lower TBARS values than birds fed 
M. No interactive effects were noted. These data suggest that the use of 
alternative breeds and feed ingredients affects meat color and negatively 
effects lipid peroxidation, but the effect on lipid peroxidation may be 
mitigated through the inclusion of dietary enzymes .

Key Words: meat quality, broiler, heritage breed

525P   White striping: Role of genetic line, sex, body weight, 
and dietary protein level on striation severity incidence. M . J . Da 
Costa*1, M . A . Landrum1, T . J . Frost2, J . Halley3, and G . M . Pesti1, 
1University of Georgia, Athens, GA, 2Wayne Farms LLC, Oakwood, 
GA, 3Aviagen Inc., Huntsville, AL.

White striping (WS) is a breast meat defect characterized by white 
striations parallel to the muscle fibers. Three experiments (Exp.) were 
conducted on birds raised either sex separate (SS) or straight-run (SR) 
for which the genetic line (Exp. 1), sex, and digestible lysine level (dLys) 
in the starter (Exp. 2) and grower phases (Exp. 3) were evaluated. For 
each Exp., 4 birds per pen were processed at different market ages (33, 
42, and 49 d), weighed and scored (0 to 4) for WS severity according to 
Landrum (2015). Data were analyzed using an ordinal logistic regres-
sion model with a factorial arrangement of the treatments, with BW 
used as covariate to attain the proportion of each severity score . Birds 
were considered the experimental unit with a total of 192, 360, and 360 
birds used for Exp . 1, 2, and 3 respectively . Across the 3 Exp ., neither 
rearing system (SS vs . SR) nor sex resulted in different proportions of 
WS severity (P > 0 .05) . Exp . 1 revealed that Ross 708 broilers had a 
significantly (P < 0 .001) higher proportion of WS scores indicating 
greater striation severity than Ross 308 broilers at 33, 42 and 49 d of 
age. In Exp. 2, 3240 Ross 708 chicks were fed starter diets (0 to 25 d) 
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with 6 dLys levels (1.05% to 1.80% of dLys) maintaining the amino 
acid ratio. Exp. 3 had 2160 Ross 708 chicks fed grower diets (14 to 
32 d) with 6 dLys levels (0.90% to 1.30% of dLys). Exp. 2 and Exp. 3 
demonstrated that dLys levels did not significantly affect (P > 0 .05) WS 
severity. However, it was consistent across the 3 Exp. that WS severity 
scores were highly affected by bird BW. In Exp. 1 as birds aged and 
BW increased WS also increased (P < 0 .05) . Additionally, Exp . 2 and 
3 revealed that WS was highly influenced (P < 0 .001) by broiler BW . 
The covariate of BW showed that WS severity was influenced strictly 
by bird BW, regardless of sex or protein level of the diet, even though 
these could influence BW gain by the bird. In conclusion, it was shown 
that WS severity was influenced by genetics and bird BW, being the 
severity independent of sex or dietary protein level fed .

Key Words: white striping, genetic, body weight, sex, protein

526P   3D imaging for objective detection of wooden breast 
meat. Seung-Chul Yoon*, Brian C. Bowker, Hong Zhuang, and Tae-
Sung Shin, USDA-ARS, Athens, GA.

The purpose of this study was to investigate the potential of 3D imag-
ing to detect the wooden breast (WB) condition in the pectoralis major 
muscle of broiler breast fillets. Currently, there is no objective tool 
for rapidly detecting and sorting WB fillets in a commercial setting. 
In practice, for the detection of WB, chicken fillets are palpated, and 
differences in shapes and color are also visually examined. However, 
there has been no study to use an imaging method for characterizing 
WB meat with quantified geometric features. A 3D scanner to extract 
geometric features was built with a digital light projector for structured 
light, a camera to capture a series of images, and a computer for data 
acquisition and processing. For the study, 45 boneless, skinless breast 
fillets (15 normal, 15 moderate WB, and 15 severe WB) were collected 
from the deboning line (~3 h postmortem) of a commercial processing 
plant that slaughters large broilers (7–9 lbs. live weight). For each fillet, 4 
images were captured to generate 3D point clouds (sets of points). After 
post-processing, a point cloud was assigned to each fillet. A total of 55 
shape features such as length, width, height and volume were extracted 
to examine the correlation with WB scores. A one-way ANOVA with 
F-test showed a statistically significant difference (P < 0.01) between 
normal and WB fillets in some shape features such as thickness. How-
ever, the ANOVA results for moderate vs . severe WB suggested dif-
ficulty in predicting the severity of the WB condition. Compared with 
the ANOVA results, the classification with linear discriminant analysis 
for normal vs. WB and moderate vs. severe WB also showed the similar 
results. Specifically, the classification accuracy to differentiate between 
normal and WB fillets varied from 88% to 97%, depending on types of 
shape features whereas the accuracy to differentiate between moderate 
and severe WB fillets decreased to 60–80%. The predicted classifica-
tion accuracy with theoretical normal distribution models was about 
92% when 3D imaging was used to detect WB fillets. This study found 
that 3D imaging has good potential to characterize WB fillets with 
geometric features .

Key Words: wooden breast, 3D imaging, detection, chicken fillet, 
shape

527P   Peach skin powder inhibits oxidation in cooked turkey 
meat. Y. Zhang*, I. Han, W. Bridges, and P. Dawson, Clemson Uni-
versity, Clemson, SC.

The objective of this study was to measure the antioxidant activity of 
peach skin and test the antioxidant effect of peach skin powder on cooked 

ground turkey meat during 12 d of refrigerated storage . Antioxidant 
activity of 3 cultivars of peaches grown in South Carolina was first 
evaluated by 3 antioxidant assays. The peach variety O’Henry showed 
the greatest antioxidant effect and therefore was used for further study. 
Two levels of peach skin powder (0.5%, 1%) and 0.01% butylated 
hydroxylanisole (BHA) were applied to ground turkey meat before 
cooking. Oxidation of the cooked turkey meat was measured by detec-
tion of hexanal using gas chromatography-mass spectrometry over 12 
d of refrigerated storage . Results indicated that all levels of peach skin 
powder used in this study had an antioxidant effect on ground turkey with 
a greater effect at the higher concentration. O’Henry peach skin powder 
was as effective as BHA in preventing oxidation at the levels tested. As 
peach skin is regarded as a by-product of peach processing industry, 
producing a natural antioxidant such as peach skin powder could be 
used as a natural antioxidant to extend the shelf life of poultry meat .

Key Words: peach skin powder, cooked turkey meat, oxidation, 
antioxidant

528P   Using air deformation of raw fillet surfaces to identify 
severity of woody breast in broiler breast meat. Xiao Sun*1,2, 
Famous L . Yang2, Jessica L . Solo2, Barbara A . Mallmann2, Craig 
N . Coon2, and Casey M. Owens2, 1College of Engineering, Nanjing 
Agricultural University, Nanjing, Jiangsu, China, 2Poultry Science 
Department, University of Arkansas, Fayetteville, AR.

Woody breast (WB) is characterized by a distinct hardness of raw fil-
lets which can vary in severity. This condition has been an emerging 
problem in the poultry industry . Developing methods to identify WB 
potentially online would be valuable to the industry in efforts to sort 
product. This study was conducted to determine effectiveness of air 
deformation of fillet surfaces to identify WB in raw fillets of broilers 
processed at 6wk and 8wk and deboned at 2h postmortem. Fillets (n = 
120) were collected from 6wk and 8wk broilers categorized in normal 
(NORM), moderate (MOD) and severe (SEV) categories of WB (n = 
20 replicates/group/age). All fillets were compressed 3 times on cranial 
region using a 6 mm flat probe at d 1 using the TA.XTPlus Texture 
Analyzer. Mean compression force (CF) of each sample was recorded. 
Then, pressurized air (60 psi) was directed at the ventral surface of 
each fillet in the cranial region, creating deformation of fillet surface. 
Three distances of the pressurized air to the fillet were used 12, 15 and 
18 cm (D12, D15, and D18, respectively) . The deformation created a 
circle pattern on the fillet and the diameter was measured on each fillet 3 
times to calculate the mean diameter (mm). In raw fillets, CF increased 
as severity of WB increased (P < 0 .05, NORM < MOD < SEV), and 
age did not affect CF (P > 0 .05) . Diameter measurements of air defor-
mation decreased (P < 0 .05) as WB categories increased regardless of 
distance (D12, D15, or D18). Diameter was overall higher (P < 0 .05) 
in fillets from 8wk broilers than fillets from 6wk broilers. Using the 12 
cm distance, there was a WB category by age interaction; in the 8wk 
broilers, there was no difference (P > 0.05) in diameter between MOD 
and SEV, but in the 6wk broilers, diameter decreased (P < 0 .05) from 
MOD to SEV, similar to the other trends observed with D15 and D18. 
CF was moderately correlated to D12 (r = −0.42), but highly correlated 
to D15 (r = −0.74) and D18 (r = −0.66). The results indicate WB can be 
identified by CF and that the use of air deformation in raw fillets may 
be potentially used as tool for online detection .

Key Words: woody breast, compression force, air deformation
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innate immunity, 10, 355P
inositol phosphates, 30
insects, 328P
insulin, 166
integrated pest management, 282
interaction, 167
interleukin-8, 334P

intestinal cell proliferation, 240
intestinal health, 6, 237
intestinal integrity, 177
intestinal morphometric, 251
Intestinal mucosa, 347P
intestinal tract, 350P
intestine, 307
ionophore coccidiostat, 211
IRT, 124

J

Japanese quail, 223, 331P
jejunum, 198
jejunum histomorphology, 358P
jejunum mucosa histomorphology, 368P

K

Kadaknath, 25
keel, 114
keel bone, 502P
keels, 322P
kidney, 307
kinome, 342P
knockout, 97
Korean native duckling, 399P

L

L*, 88
laboratory, 199
lachrymal fluid, 351P
lactate, 475P
lactic acid bacteria, 60, 65, 357P, 489P
lactobacilli, 503P
Lactobacillus, 141, 142, 350P
lactulose:mannitol ratio, 7
lactulose:rhamnose ratio, 7
lameness, 118, 124, 296
LaSota, 2
latency to lie, 124
layer, 74, 75, 315P, 316P, 366P, 372P, 

422P, 427P, 501P
layer hen, 380P
layer performance, 256
laying hen, 13, 29, 90, 91, 114, 122, 127, 

132, 146, 158, 160, 179, 207, 208, 
228, 235, 252, 256, 261, 262, 277, 
301, 402P, 432P, 439P, 464P, 465P, 
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laying hen performance, 438P
laying hens, 320P
laying index, 438P
L-cell, 168
LC-MS/MS, 278

leaky gut, 7
LEAP2, 96
learning styles, 201
LED, 75, 202, 316P, 366P
leg, 296
leghorn, 8
Leghorn chicken, 351P
lemon grass essential oil, 68
leptin, 220, 382P
lesion score, 182, 245
leucine, 263
leukemia inhibitory factor (LIF), 499P
leukocytes, 4
light, 75, 316P, 317P, 366P, 367P
light intensity, 124
light spectrum, 22
lighting, 31, 94, 202, 321P
lighting intensity, 63
lignocellulose, 42
limestone, 49
linear mixed effect, 354P
linear-plateau model, 399P
lipid, 379P
lipid metabolism, 383P
lipogenesis, 134
lipopolysaccharide, 56
Listeria, 71
litter, 119, 205, 206, 207
litter type, 162
live haul, 318P
live performance, 376P
live shrink, 120, 203
liver, 134, 135, 222, 228, 379P
liver/gall bladder, 8
log, 62
louse, 282
low crude protein, 400P, 401P
low-fat distillers dried grains with 

solubles, 174
LPS, 358P
lutein, 435P
lymphocytes, 4, 355P
lymphoid organs, 358P
lysine, 50, 131, 147, 260, 382P, 395P, 

397P, 405P, 410P
lysophospholipid, 179, 432P

M

M gene, 106
macadamia nut cake, 384P
macrophage, 238
macrophages, 355P
magnetic, 380P
Magni-Phi, 231
maintenance, 52
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major histocompatibility complex vari-
ability, 290

management, 24
manganese, 160, 462P, 517P
mannan oligosaccharides, 232
manure gas, 320P
marinate, 150
marination, 154, 518P
mass egg produced, 438P
mass spectrometry, 87
matrix, 436P
Maxiban, 229, 345P
meat quality, 152, 236, 453P, 515P, 

519P, 522P, 524P
meat yield, 274
medicinal plants, 233
medium-chain fatty acids (MCFA), 455P
melanopsin, 195
membrane, 374P
mesenchymal stem cell, 137, 496P
meta-analysis, 407P, 438P
metabolism, 184, 396P
metabolizable energy, 101, 174, 279, 

386P, 417P, 425P, 432P
metagenomics, 443P
methionine, 132, 259, 261, 264, 265, 

269, 399P
methionine hydroxy analogue, 266
methionine hydroxyl analogue, 269
methionine requirement, 126
methylation, 329P
Mexican Sunflower leaf, 214
MHA-Ca, 259
micro-aerosol, 289
microalgae, 393P
microbial phytase, 312
microbial population, 491P
microbiome, 345P, 357P, 491P, 516P
microbiota, 43, 303, 306, 441P, 487P, 

488P, 503P
microflora, 446P
micromineral, 464P
mineral, 323P, 465P
mineral content, 502P
mineralization, 159
minimum inhibitory concentration, 437P
mite, 282
mitigation, 58
mitochondria, 219
mitochondrial receptor, 136
model, 260
molecular structural modeling, 191
molt, 13, 14, 207, 208
monocalcium phosphate equivalence, 

165
monoclonal antibody, 334P

monocyte, 238
Monteban, 229, 345P
MORS, 151
mortality, 107, 375P
motility, 350P
mRNA, 497P
mRNA expression, 221
mTOR, 411P
mucosa, 131
multidrug resistance, 492P
multidrug resistant, 68
multiple analysis, 447P
muscle, 189
muscle growth, 263
muscle morphology, 236
muscle proteins, 519P
muscle proximate composition, 309
Mycoplasma gallisepticum, 289, 486P
mycotoxin, 185, 186, 278
myoblast, 135
myogenesis, 135, 137
myo-inositol, 166
myopathies, 153, 268
myopathy, 101, 147
myostatin, 135

N

n-3 fatty acid, 56, 521P
n-3 fatty acids, 93
Na-butyrate, 188, 445P
narasin, 37
natural products, 338P
Natustat, 230
Natustat NS, 230
near infrared (NIR) calibration, 250
necropsy, 364P
necrotic enteritis, 5, 98, 182, 237, 245, 

303, 337P, 339P, 341P, 344P, 430P
necrotic enteritis (NE), 347P
neem, 194
neonatal development, 368P
net energy, 128, 279
NetB, 344P
netB, 437P
neuropeptide, 444P
neuropeptide Y, 495P
neuropeptide Y (NPY), 134
Newcastle, 2
Newcastle disease, 295
next-generation sequencing, 491P
nicarb, 229, 345P
nitric oxide, 99
nitrogen balance, 397P, 398P
nitrogen retention, 412P
nonanorexic, 208

non-anorexic, 13
novel 6-phytase, 165
NSP, 170
nutrient, 89
nutrient deficiency, 419P
nutrient digestibility, 26, 44
nutrient sparing, 244
nutrient transfer, 383P
nutrient transporter, 221
nutrition, 184, 465P
nutrition efficiency, 392P
nutritional level, 391P
nutritional matrix, 171
nutritional rehabilitation, 216
nutritional stress, 222

O

octenidine hydrochloride, 490P
oil emulsion vaccine, 1
oil level, 44
old layer, 408P, 409P
oleic acid, 496P
ontogeny, 236
oocyst, 99
OptiCell, 42
ORAC, 435P
oregano, 241, 242
oregano essential oil, 240
orexin, 493P
organ, 18
organ invasion, 79
organ mass, 456P
organ weight, 401P, 403P
organic acid, 175, 300, 446P
organic acids, 433P
organic broiler, 133
organic trace mineral, 393P, 462P
organum vasculosum of the lamina 

terminalis (OVLT), 190
osteoblast, 159
osteogenesis, 137
ovaries, 74
ovary, 8
oxidation, 527P
oxidative stability, 515P
oxidative stress, 102, 266, 493P

P

P digestibility, 258
P equivalency, 163
particle size, 272, 277
pasture, 369P, 370P, 371P
pastured broiler, 327P
pastured broiler carcass, 472P
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pathogen, 296, 478P
pathogen control, 289
PCR, 349P
pea, 89
peach skin powder, 527P
peacock, 294
peak counts, 151
pectoralis major, 236
Pekin duck, 330P, 332P
pellet, 51, 84, 457P
pellet quality, 57
pelleting, 28, 395P
pellets, 47
penetration, 103
percentage fines, 57
perch, 121
performance, 28, 32, 34, 40, 49, 125, 

164, 165, 175, 177, 179, 210, 212, 
213, 233, 241, 244, 251, 255, 273, 
333P, 365P, 391P, 392P, 398P, 403P, 
406P, 408P, 409P, 413P, 428P, 439P, 
446P, 451P, 459P, 461P, 488P

permeabilizing complex, 181
pet food, 61
pH, 88
phosphate, 414P, 469P
phosphorus, 29, 48, 115, 155, 308, 312, 

467P
photoperiod, 15
physical asymmetry, 92
phytase, 27, 29, 31, 161, 162, 166, 187, 

258, 413P, 419P, 420P, 421P, 424P, 
427P, 428P, 467P

phytase activity, 423P
phytate, 167, 304, 423P
phytic acid, 187
phytochemical, 45, 76
phytochemicals, 484P
phytogenic, 244, 458P
phytogenic feed additive, 225
phytohemagglutinin (PHA), 4
phytomolecules, 438P
pigeon-originated NDV, 295
plant oleoresin, 235
plasma free amino acid, 269
platform, 119
plc, 437P
postharvest, 148
post-harvest poultry, 59
poultry, 43, 73, 220, 226, 374P, 441P, 

442P, 471P, 476P, 492P
poultry bedding, 205
poultry fat, 452P
poultry performance, 443P
poultry processing, 480P, 513P
preadipocyte, 495P

prebiotic, 11, 131, 232
precision feeding, 22, 52
prediction, 143
probiotic, 35, 43, 60, 64, 115, 116, 142, 

210, 237, 293, 323P, 337P, 429P, 
430P, 441P, 458P, 476P, 478P

probiotics, 9, 65, 107, 443P, 515P
processing, 84, 449P, 516P
processing yield, 125, 273
production, 15, 24, 316P, 317P
production performance, 286
productive performance, 252, 432P
productivity, 192
profitability, 25
pro-inflammatory cytokines, 91
prolactin-like protein, 500P
propane savings, 288
Propionibacterium freudenreichii, 64
protease, 28, 161, 162, 253
protective culture, 471P
protein, 449P, 525P
proteinate, 424P
proteinates, 464P
proteomics, 87
PUFA, 139
pullet, 181, 188, 372P, 445P
pyroptosis, 342P

Q

QM7, 493P
QM7 cells, 136
q-PCR, 58
quadratic-plateau model, 399P
quail, 136, 140, 194, 497P, 499P
quality, 214
quorum quenching, 293
quorum sensing, 293

R

rapeseed meal, 312
rapid antigen test kit, 349P
rapidly digested starch, 53
rapidly digestible starch, 54
receptor, 191
recovery, 482P, 483P
recruitment, 199
refeeding, 497P
refined functional carbohydrates, 38, 67
reproduction, 22, 372P
requirement, 48, 260, 305, 397P
requirements, 52
residual feed intake, 52
residue analysis, 501P
respiratory tract, 70

reused litter, 156
Rhode Island Red, 20
rice bran, 258
rice starch, 150
rickets, 157
RNA sequencing, 504P
RNA-Seq, 264, 265
roasted soybeans, 327P
robotics, 287
Rovabio Advance, 170, 171, 172
rugose, 62, 104
rumen protected, 395P
rural, 324P

S

Saccharomyces cerevisiae, 177, 425P, 
440P

Saccharomyces-Torula yeast, 228
salinomycin, 38, 231
Salmonella Enteritidis, 66
Salmonella Heidelberg, 66
Salmonella Enteritidis, 477P
Salmonella, 17, 35, 36, 58, 61, 62, 63, 

65, 66, 67, 69, 70, 71, 73, 75, 78, 80, 
81, 82, 96, 97, 104, 181, 298, 472P, 
473P, 474P, 476P, 479P, 481P, 482P, 
483P, 492P

Salmonella attachment, 103
Salmonella Enteritidis, 74, 228, 484P, 

490P
Salmonella Heidelberg, 64, 68, 72, 79, 

485P
Salmonella Typhimurium, 72
sampling day, 302
Sangovit, 341P
saponin, 231
satellite cell, 189, 514P
scanning electron microscopy, 105
selection, 319P, 335P
selection for growth, 332P
selective enrichment broth, 482P
selenium, 310
sensory, 146, 154, 523P
sequencing, 442P
serial blood sampling, 113
serotonin, 494P
serotonin receptor, 494P
sex, 271, 525P
shape, 121, 526P
shell quality, 224, 464P
short-chain fatty acid analysis, 433P
short-chain fatty acids, 42, 168
signaling pathway, 500P
silver carbene complexes, 437P
simulation, 284
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skeletal muscle, 385P
skin color, 249
skin pigmentation, 39, 459P
skin structure, 105
Skinner box, 319P
slowly digested starch, 53
slowly digestible starch, 54
small intestine, 301
SNP, 143
SNP genotype, 290
soap formation, 390P
sodium butyrate, 36
sodium hypochlorite, 104
solar energy, 288
solubility, 304
somatotropic axis, 283
sorghum, 21
soybean, 146
soybean meal, 25, 46, 83, 254, 258, 

327P, 416P, 427P
soybean meal origin, 388P
soybean oil, 390P, 451P, 452P
specification grading, 200
spectrum, 317P
spectrum lighting, 372P
specular component excluded (SCE), 88
specular component included (SCI), 88
sperm, 332P
Spirulina sp, 386P
split feeding, 49
spoilage, 516P
SQM, 466P
standardized digestibility, 270, 402P
starch, 187
stationary, 62
steam conditioning, 47
steroid and thyroid hormone, 136
stochastic model, 284
stocking density, 72
storage, 417P
storage method, 151
strain, 522P
stress, 92, 191, 315P, 316P, 317P, 331P, 

487P
student stress, 200
subfornical organ, 190
sulfur, 378P
sulfur amino acids metabolism, 269
super-dose, 31
super-dosing, 166
supplementation, 268
synbiotic, 458P
synthetic methionine, 133

T

tannic acid extract, 280
tastant, 247
taste, 218
taste threshold, 247
teaching, 199
temperature, 189, 285
temperature rise, 288
tendon, 313
terminal restriction fragment length 

polymorphism (TRFLP), 487P, 488P, 
489P

texture profile analysis, 154
Th1/Th2 cytokines, 3
theca, 111
thermal destruction, 61
thermal inactivation, 62
thermomanipulation, 197
thermostability, 428P
thermostable xylanase, 173
thiobarbituric acid reactive substances, 

521P
threonine, 131
threshold, 218
thyroid hormone, 195
tibia, 313
tibia ash, 163
time-budget, 122
tissue deposition, 79
T-lymphocyte, 168
tom, 120
tool, 202
total volatile solids, 513P
toxin binder, 447P
trace mineral, 424P
trans-cinnamaldehyde, 485P
transcriptome, 45
transport, 120, 203, 318P
transporter, 469P
treated rice straw, 389P
triglyceride, 521P
trisodium phosphate dip, 105
trypsin inhibitor, 253
tryptophan, 262
turkey, 80, 186, 189, 373P, 410P, 416P, 

455P, 487P
turkey cellulitis, 1
turkey poult, 64, 79
type II sodium-phosphate cotransporter, 

307

U

ultraviolet, 94
ultraviolet light, 78
underrepresented minorities, 325P
undigested protein, 274
uniformity, 445P, 461P
unselected chicken, 504P

V

vaccination, 2, 75, 280
vaccine, 73, 99, 230, 241, 242, 295, 

486P
vaccine failure, 295
vaccine formulation, 302
valine, 127, 411P
vasotocin, 110, 191, 506P
vegetable, 449P
ventilation shutdown, 90
vertebrate ancient opsin, 195
vertical transmission, 489P
villus, 456P
virginiamycin, 501P
virulence, 76, 80, 81, 473P
viscosity, 418P
vitamin D, 469P
vitamin D3, 156, 159, 353P
vitamins E and C, 313

W

walkway, 373P
warm, 120
wash treatment, 490P
wastewater, 513P
water, 348P, 375P, 380P
water holding capacity, 149
waterline, 377P
weight gain, 455P
welfare, 93, 95, 117, 207, 322P
wellbeing, 318P
well-being, 121
western Canada, 285
wet milling, 387P
wheat, 251, 272, 277, 418P
wheat DDGS, 417P
white striping, 101, 419P, 505P, 519P, 

525P
whole yeast cell, 232
wild birds, 298
wing, 472P
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winter transportation, 285
wooden breast, 147, 514P, 519P, 526P
woody breast, 101, 151, 152, 153, 154, 

196, 236, 419P, 522P, 523P, 528P

X

XPC, 80, 81, 82, 92, 442P, 479P
XTRACT, 245
xylanase, 32, 161, 170, 171, 172, 251, 

257

xylooligosaccharide, 439P

Y

yeast cell wall, 209, 440P
yolk, 305, 435P
yolk cholesterol, 432P
yolk sac, 281, 379P
youth programs, 326P

Z

ZADO, 252
zearalenone, 278
zinc, 37, 160, 314, 453P, 461P, 462P, 

465P, 466P, 517P
zinc oxide, 314
zinc transporter, 96 




