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Poultry Welfare - Expectations and Reality Michael J Darre*1 1University of Connecticut, Storrs, CT
Welfare of poultry, especially laying hens, has become a major issue for commercial poultry producers in the last 15-20 years. The passage of Proposi-
tion 2 in California in November 2008 set the stage for dictating through legislation how farmers can house and manage their animals. It also dem-
onstrated how public opinion can be manipulated using emotional campaigns. This victory emboldened the activists and shortly thereafter the UEP 
and HSUS came to an “agreement” and proposed national legislation on how laying hens should be housed and managed, which sparked another 
whirlwind of controversy. It appears that the animal rights activists have had the upper hand in defining the meaning of welfare for commercial egg 
producers and we are now at the point where emotion trumps science and legal maneuvering dominates the natural evolution of farming practices. As 
a result of clever manipulation though ad campaigns by the animal rights groups the public is no longer asking “Why animal rights?” but is saying 
“Why not animal rights?” It is time for some self-reflection and to ask ourselves a few difficult questions. Why has the public been persuaded to accept 
the animal rights agenda over that of the American farmer? Is it possible to gain the public trust again? Are the new housing and management systems 
really improving the welfare of the hens? What does the public expect from the poultry industry and how does that mesh with reality? 

Key Words: Welfare, Proposition 2, animal rights

192

Milton Y Dendy Keynote Address

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



193 ABSTRACTS OF PAPERS

Physiology/Pathology/SCAD I

M1 Immunotherapeutic effects of different extracts (hot water, 
methanolic and polysaccharide) of mushroom (Lentinus edodes) 
against coccidiosis in chicken Muhammad Irfan Ullah* Government 
College University Faisalabad Pakistan, Faisalabad, Pakistan
1-Purpose for the experiment:
Immunotherapeutic effects of mushroom extracts have been widely 
studied in various experimental models including mice, rats and rabbits 
against several diseases with encouraging results; though limited studies 
in this regard has been conducted in avian birds. Keeping in view, the 
present study reports the immunotherapeutic effects of different extracts 
including conventional extracts (hot water and methanolic) and purified 
extract (polysaccharide) of mushroom Lentinus edodes and their subse-
quent therapeutic efficacy against Eimeria infection in chicken.

2-Experimental Design 

3-Objective information pertaining to results 
Mushrooms (Lentinus edodes) were processed for hot water (HWE), 
methanolic (ME) and polysaccharide (PSE) extracts. Polysaccharides 
were isolated through ion exchange (DEAE cellulose) and size exclusion 
(Sephadex G-100) chromatography. Monosaccharide including maltose 
(0.282 %), glucose (0.113 %) and mannose (0.451 %) were qualitative-
ly and quantitatively identified from isolated polysaccharides through 
HPLC. These extracts (HWE, ME and PSE) were administered to their 
respective groups in chicken (5 days old). Cell mediated and humoral 
immune responses were demonstrated through lymphoproliferative re-
sponse to Phytohaemagglutinin-P (PHAP) and antibody response to 
sheep RBCs, respectively. Cell mediated immune responses observed at 
48 and 72 hours post administration of PHAP in all three extracts (PSE, 
ME and HWE) were statistically significant (P<0.05) in comparison to 
control. Statistically significant antibody titers (Ig, IgG and IgM) were 
observed at day 7 and 14 post administration of sheep RBCs. After ex-
perimental infection of mixed species of Eimeria, birds were monitored 
for oocyst per gram (OPG) of droppings, lesion scoring and percent pro-
tection against Eimeriasis. Significantly higher (P<0.05) OPG and lesion 

scorings were observed in control as compared to extract administered 
groups (HWE, ME and PSE). Significantly higher (P<0.05) per cent pro-
tection against Eimeriasis was also observed in all groups administered 
with different extracts (HWE, ME and PSE) of Lentinus edodes.

4-Conclusion
The results revealed that different extracts (HWE, ME and PSE) of mush-
room (Lentinus edodes) have immunotherapeutic potential and can be 
used as a potent immunomodulator in chicken.

Key Words: Mushroom, Lentinus edodes, chicken, polysaccharides, Ei-
meriasis

M3 The Development of a Transgenic Chicken Line by Sperm-
Mediated Gene Transfer Essam A. El-Gendy* Cairo University, Giza, 
Egypt
An experiment was conducted to develop a transgenic chicken line us-
ing the sperm-mediated gene transfer (SMGT) technique. The plasmid 
pUC18 (2686 bp) was used as the exogene and two random-bred local 
chicken lines were used as the parental flocks. The experiment was de-
signed, so that the plasmid DNA was incubated with the rooster semen 
in the presence of lipofection at different concentrations. Lipofectin was 
used to facilitate the sperm cell uptake of the plasmid. Hens were in-
seminated with the semen incubated with the plasmid DNA and lipofec-
tin and their eggs were hatched. Polymerase chain reaction (PCR) was 
performed on spermatozoa genomes of the parental flocks and on blood 
genomes of the parental and progeny flocks of both chicken lines. The 
results indicated that the plasmid DNA was highly fused into the sperm 
cells in the presence of lipofectin (5% concentration) and this was shown 
in both chicken lines. Also, the plasmid DNA band was highly ampli-
fied in the progeny that have been derived from sperm cells incubated 
with the plasmid and lipofectin (5% concentration). The results revealed 
the success of the development of F1 chickens by SMGT. The positively 
detected SMGT-derived offspring in both chicken lines formed 40.0 to 
50.0% of the F1 generation, and were mated to obtain the F2 generation. 
PCR was applied to the blood genomes of the F2 individuals and the 
plasmid DNA was successfuly recognized announcing the formation of 
the transgenic chicken line. 

Key Words: Transgenic chickens, Sperm-mediated gene transfer (SMGT), 
Rooster sperm, SMGT-derived offspring, Lipofectin

M4 Composition of mid-cycle turkey eggs as a function of weight 
and progression through the day Ed Moran*, Kate Meloche Auburn 
University, Auburn, AL
During egg formation, the maximal mobilization of protein occurs early 
after lighting, while the greatest requirement for calcium occurs during 
shell assembly in the uterus prior to darkness. A complete feed attaining 
requirements was used to examine possible alteration of egg composition 
as day length progressed. Caged 42- wk-old Diamond White hens at 55% 
production supplied one day’s egg collection while receiving corn-soy 
pellets (16.6% CP, 2.75 kcal ME/g, and 2.35 % Ca) and 16 hrs of 70 
lux light. The first 12 eggs appearing at the beginning of each 4 hr light 
period were individually weighed and partitioned into heavy, medium 
and light wt relative each group’s median. Manual separation of yolk and 

*Author presenting paper

SC Denotes Graduate Student Competition
UG Denotes Undergraduate Presentation
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shell conducted after 1 hr at 15C was followed by 1 min sieving (20mm) 
of albumen to separate outer thin from thick and inner thin. A tempera-
ture compensated refractometer measured protein while yolks were ly-
ophilized for Kjeldahl N, EE and ash. Differences between heavy (88.0), 
medium (80.3) and light (74.0) g of all eggs arose by their wt selection. 
Yolk decreased as a proportion of egg as wt increased (32.6, 31.2, 29.3% 
L, ***) while albumen increased (56.1, 59.1, 60.6% L, *) to a greater 
extent than shell (9.5, 9.7, 10.1% L,*). Increasing albumen with egg wt 
was largely due to outer thin (22.1, 20.1, 15.9% L ***) with the converse 
for inner thin (14.5, 16.7, 18.2%, L **) and thick (23.7, 22.5, 26.0%, L *). 
Albumen protein increased with egg wt for outer thin (10.8, 10.9, 11.3% 
L *), inner thin (11.6, 11.7, 12.1% L *) and thick (11.2, 11.3, 11.8% L 
*). Yolk moisture increased with time laid (46.8, 47.0, 47.7, 47.7% L 
**), whereas all other dry wt analyses were similar among wts and times 
of collection. Although average egg wt decreased as time of collection 
progressed (80.9, 80.8, 80.7, and 80.6 L,*) differences with time could 
be detected. Differences in eggs selected to be light, medium or heavy 
wt were apparent, but modifications arising with time of day could not be 
discerned when offered a complete pellet.

Key Words: albumen, turkey hen, egg composition, yolk

M5 Interaction of resident sperm with sperm-storage tubule (SST) 
epithelial cell microvilli in the turkey hen Murray Bakst*, Charles 
Murphy Agricultural Research Service, USDA, Beltsville, MD
Little is known regarding the cellular and molecular mechanisms respon-
sible for sperm subsistence in the lumen of the SST. Using transmission 
electron microscopy (TEM) and differential interference contrast micros-
copy (DIC) we examined the relationship between resident sperm the 
microvilli on the apical surface of the SST epithelial cell. For TEM, UVJ 
mucosae containing SSTs were isolated from Hybrid turkey breeders at 
46 (n=2) and 51 (n=2) wks of age and fixed in 2% glutaraldehyde or Kar-
nosky’s fixative (paraformaldehyde/glutaraldehyde mix), respectively. 
Sections of plastic embedded tissue from both age groups were examined 
by bright field microscopy while squash preparations of unfixed UVJ 
from the 46 wk old hens were examined by DIC. Although the older hen 
group had fewer sperm in their SSTs, observations of the SSTs with and 
without resident sperm were generally consistent with previous reports. 
However, in the younger group, TEM cross sections of SSTs revealed 
two remarkable features: the microvilli were intimately associated with 
resident sperm; and, blebbing of the apical tips of some microvilli. Fur-
thermore, small, membrane bound vesicles, possible originating from the 
blebs, were in contact with the plasmalemmae of resident sperm. While 
less prevalent in the older hen group, microvilli blebbing was observed 
in SSTs with and without sperm. We do not believe the microvilli bleb-
bing was an artifact as the mitochondria, which are highly susceptible 
to preparation artifacts, in the same cells as the blebs appeared normal. 
We hypothesize that the blebbing represents a form of apocrine secre-
tion providing lipid material via the small membrane bound vesicles for 
sperm sustenance and maintenance during storage. We are currently in-
vestigating whether the sperm-microvilli interactions in the SST lumen is 
a receptor mediated function similar to that seen in mammalian oviduct.

Key Words: SST, ultrastructure, turkey, oviduct

M6 Detection of parthenogenesis in mated quail hens and its impact 
on fertilization Priscila Santa Rosa*SC, Holly Parker, Aaron Kiess, Chris 
McDaniel Mississippi State University, Poultry Science Department, 
Mississippi State, MS
Parthenogenesis, embryonic development in unfertilized eggs, resembles 
very early embryonic mortality in fertilized eggs. Parthenogenesis alters 
egg albumen ionic and gas concentrations in virgin quail (PV) hens ge-
netically selected for parthenogenesis. Also hatchability of these PV hens 
once mated (PM) is reduced compared to control mated (CM) hens that 
have not been genetically selected for parthenogenesis. However, it is 

unclear if parthenogenesis is actually occurring in PM hens and therefore 
reducing hatchability or if this reduction is due to infertility. Sperm- egg 
penetration (SEP) holes are indicative of fertilization and may be use-
ful in identifying if un-hatched eggs from PM hens are unfertilized eggs 
exhibiting parthenogenesis or early dead embryos from fertilized eggs. 
Also, SEP may be useful in determining if genetic selection for parthe-
nogenesis impacts the ability of the egg to be fertilized. Therefore, the 
objectives of this study were to determine if parthenogenesis occurs in 
mated hens by comparing albumen from PV and PM eggs as well as to 
determine if SEP is different between PM and CM hens. Daily, PV and 
PM eggs were incubated for 10 d then broken out to determine parthe-
nogenesis, embryonic death and albumen characteristics. Also, fresh PM 
and CM quail eggs were macroscopically examined and classified as fer-
tile, no development or parthenogen and then microscopically examined 
for SEP. Incubated eggs classified as parthenogens from both PV and PM 
hens yielded similar ionic and gas albumen concentrations. Also, for both 
PV and PM incubated eggs, parthenogenesis decreased albumen pH, O2 
and protein yet increased Ca2+ and CO2 when compared to eggs with no 
development. For incubated PM eggs, albumen pH and O2 were lower, 
yet CO2 was higher for eggs containing parthenogens or early dead em-
bryos versus eggs with no development. Also fresh eggs from PM hens 
classified as no development or parthenogen had similar SEP holes and 
only about one sixth as many SEP holes as eggs classified as fertile. On 
average, fresh CM eggs had 3.5 times as many SEP holes as PM eggs. In 
conclusion, parthenogenesis is apparently occurring in mated quail hens 
and is in fact reducing sperm penetration. Additional research is needed 
to determine if this reduction in SEP is due to the male, female or both.

Key Words: Parthenogenesis, pH, fertilization, sperm-egg penetration, 
embryonic development

M7 Body Weight and heterosis of Parental Lines and F1 and F2 
Crosses of Japanese Quail Selected for 28-Day Body Weight James 
Mason*SC, Nick Anthony University of Arkansas, Fayetteville, AR
Experiential learning methods are designed to build knowledge and prob-
lem solving skills by placing the students in an unfamiliar environment 
outside of the classroom. To utilize this teaching method four students 
from the University of Arkansas Poultry Breeding Class were tasked 
with generating a data set to quantitate non-additive genetic variation 
from diverse populations of Japanese quail. Since a semester is only 16 
weeks long it was necessary to stage populations of Japanese quail prior 
to the start of the semester. The parental populations used in the study 
originated from the University of Georgia, selected by Dr. Henry Marks 
and The Ohio State University, by Dr. Karl Nestor. Pure line populations 
were maintained, while sire x dam crosses were made resulting in two 
F1 populations, Ohio x Georgia, and Georgia x Ohio. These populations 
were then maintained and crossed resulting in all four F2 offspring combi-
nations. The students prepared the respective matings, pedigree collected 
and hatched the eggs. Birds were banded and chick weights were collect-
ed. Although the semester was not long enough to collect reproduction 
data the students were able to obtain weekly body weights. Parental lines 
and F1 offspring were used to assess heterosis while F2 offspring were 
used to calculate percent recombination from the F1 as well as maternal 
and paternal effects. Heterosis for body weight was present with a high of 
18.21 percent at one week and a low of -5.02 percent at hatch. In general, 
heterosis behaved as expected with increased heterosis at early ages, then 
decreasing as age increased. Recombination peaked at 9.85 percent at 
hatch, with a low of -4.15 percent at two weeks of age. Recombination 
did not appear to follow any general trend. Significant maternal effects 
were present at hatch, but were not significant from week one onward. 
No significant paternal effects were found. The results of this project pro-
vided the students with a better understanding of the topic since there was 
a clear understanding of the data origin.

Key Words: experiential learning, Japanese quail, body weight, selection, 
nonadditive variance
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M8 Pretreating primary macrophages (Mɸ) with Bacillus subtillus 
but not mannan oligosaccharide increases nitric oxide production after 
Salmonella enteritidis challenge. Marta Viguie*UG, Kimberly Livingston 
California Polytechnic State University, San Luis Obispo, CA
Direct-fed microbials (DFM) including probiotic and prebiotic additives 
have been shown to improve growth and feed conversion when incor-
porated into animal diets. Additionally improvements in the ability of 
the animal to withstand challenges from bacteria have been observed. 
However, the mechanisms by which the additives improve immunologi-
cal response have not been fully elucidated. The objective of this experi-
ment was to better understand how DFMs may alter macrophages (Mɸ) 
ability to clear a Salmonella enteritidis (SE) challenge. Primary Mɸ were 
isolated from chickens and pretreated for 24 h with Bascillus subtilus 
(BS; 4500 CFU/ml), and/or mannan oligosaccharide (MOS; 0.075 ug/
ml), extracted from the cell wall of Saccharomyces cerevisiae. Mɸ were 
then challenged with SE for 1 h. Nitric oxide(NO) in the supernatants was 
evaluated. In addition culture lysates were evaluated to determine Mɸ 
killing ability of SE. Pre-treatment of Mɸ with BS or MOS did not im-
prove SE killing as determined by plating the lysates and counting CFU. 
However, Mɸ pretreated with BS did have greater NO production than 
Mɸ pretreated with MOS or left alone (P<0.001). In conclusion, BS does 
appear to have a direct effect on Mɸ when co-cultured in-vitro, which 
leads to increased NO production when challenged with SE.

Key Words: Direct fed microbial, Macrophage, Salmonella enteritidis, 
Nitric Oxide

M9 Physiological responses of broiler hatchlings to commercial 
in ovo coccidiosis vaccine administered on days 18.5 and 19.0 of 
incubation Adebayo Sokale*SC1, E. David Peebles1, Wei Zhai1, Timothy 
. S. Cummings2, Christopher . J. Williams2 1Mississippi State University, 
Mississippi State, MS; 2Zoetis, Durham, NC
The physiological responses of broiler hatchlings to the EM-1 coccid-
iosis vaccine delivered on 18.5 or 19.0 days of incubation (DOI) were 
determined. Commercial EM-1 vaccine containing live oocysts of E. 
acervulina, E. maxima, and E. tenella was injected in ovo using an au-
tomated multiple-egg injector. Fertile Ross × Ross 708 broiler hatch-
ing eggs from a 48-wk-old breeder flock were subjected to one of the 
following 3 treatments (Trt) administered on 18.5 and 19.0 DOI. Trt 1: 
non-injected control; Trt 2: diluent-injected control; and Trt 3: EM-1 
vaccine-injected group. The main and interactive effects of Trt and DOI 
on hatchability of fertile eggs (HF), hatchling BW (HBW), yolk-free BW 
(YFBW), yolk sac weight (YSW), and relative intestine weight (RIW) 
were determined. Site of injection (SOI) and embryonic stage (ES) scores 
were also determined on 18.5 and 19.0 DOI. Data were analyzed by the 
MIXED procedure of SAS 9.3. There were no significant Trt or DOI ef-
fects on HF. There was a significant main effect due to DOI on HBW 
(P = 0.002) and YSW (P = 0.001), with HBW and YSW being higher 
in the 18.5 DOI group, but there were no significant Trt or DOI effects 
(P = 0.06) on YFBW. There was a significant Trt × DOI interaction for 
RIW (P = 0.05), with RIW being highest in chicks injected with diluent 
on 19.0 DOI. Mean ES scores of 18.5 and 19.0 DOI embryos were 2.44 
and 3.24, respectively, and were found to be significantly different (P = 
0.001). The SOI result showed that vaccine deposition occurred in the 
amnion in 88.2 % and 73.1 % of embryos injected on 18.5 and 19.0 DOI, 
respectively. In conclusion, the vaccine was more precisely deposited in 
the amnion on 18.5 DOI when compared to 19.0 DOI and developmental 
(e.g., HBW and YSW) differences between 18.5 and 19.0 DOI broiler 
embryos can affect the subsequent response of hatchlings to the EM-1 
coccidiosis vaccine.

Key Words: amnion, broiler, coccidiosis, hatchlings, in ovo injection

M10 Avian Coccidiosis: Have we managed the anticoccidials to 
optimize their effectiveness? Steve Fitz-Coy* Merck AH, Salisbury, MD
Summary: Birds of all ages are susceptible to one or more species of 
coccidia, unless complete immunity is established. The prevalent Eimeria 
species in commercial broiler houses are E. acervulina, E. maxima, E. 
tenella and E. mivati and occasionally other species such as E. praecox 
are found. Although the concept of using live coccidia vaccine for the 
control of coccidiosis was introduced in 1950’s it was the pharmaceuti-
cals that became the preferred choice. The synthetic class of drugs was 
used extensively during the early period; however, the development of 
resistant coccidia became the major issue. The inonphores followed, they 
were efficacious and the development of resistance was slower. Over time 
the ionophores became the core products for the control of coccidiosis. 
With extensive usage of the ionophores there is clear evidence that drug 
resistant populations are being developed. With a decline in the avail-
ability of highly effective anticoccidials there has been a renewed interest 
in vaccines for the control of coccidiosis. Reports on vaccinating birds 
with drug sensitive strains of coccidia have shown to restore anticoccidial 
efficacy. Mathis et al, 2003, demonstrated that there are benefits for us-
ing Coccivac-B® in a rotational program with Clinacox™ (diclazuril). 
More recently the use of a live coccidia vaccine concomitantly with an 
ionophore has shown promise. It is believed that the ionophore aid in 
the transition from a non-vaccine program to a vaccine program with a 
lowered occurrence of necrotic enteritis. 

Key Words: coccidiosis, anticoccidials, control

M11 Effect of probiotics on the development of bacterial 
chondronecrosis with osteomyelitis in poultry Juxing Chen*, Karen 
Wedekind, Julia Dibner, Jim Richards Novus International, Inc., St. 
Charles, MO
Bacterial Chondronecrosis with Osteomyelitis (BCO) is one of the most 
common forms of lameness and is associated with opportunistic bacterial 
infections in the proximal long bones, often occurring in microfractures 
in the bone. Some of the bacterial species identified from BCO lesions 
originate in the gut, indicating that the disease is associated with gut bar-
rier failure. One strategy to reduce incidence of BCO is to improve gut 
health via probiotics, presumably by enhancing barrier function. A wire 
flooring model has been developed to reliably induce BCO and lameness 
in broilers (Wideman et. al., 2012). We used this model to test the efficacy 
of SPORULIN®, a direct-fed Bacillus spore-based probiotic, in reducing 
BCO symptoms including femoral and tibial head necrosis in broilers 
reared on wire flooring. Ross 308 male broiler chicks were assigned to 
two treatment groups, one with .5lbs/ton SPORULIN® and one without. 
There were 12 replicates per treatment with 50 chicks per pen. All chicks 
were reared on 4΄X12΄ wire flooring pens with waterers and feed on the 
opposite ends, and fed corn-soy starter diet on day 0-35 and grower diet 
on day 36-58. On days 57 and 58, 2 non-lame and 2 lame broilers per pen 
were scored for femoral and tibial head lesions. Lame birds exhibited 
a significantly greater severity of femoral head lesions (p=0.008), tibial 
head lesions (p<0.0001) and total leg lesions (average score of femoral 
and tibial head lesions, p<0.0001) than non-lame birds, suggesting that 
the broilers became lame due to femoral and tibial head necrosis. The 
broilers fed SPORULIN® exhibited numerically lower incidence of to-
tal tibial head lesions (p<0.08) and significantly lower severity of right 
femoral head lesions (p=0.0403), tibial head lesions (p=0.0223) and total 
leg lesions (p=0.0135) than broilers without SPORULIN®. These results 
suggest that SPORULIN® is a potential intervention strategy to reduce 
BCO in the poultry industry. SPORULIN® is a trademark of Pacific Vet 
Group-USA, Inc. and is registered in the U.S. and other countries. 

Key Words: lameness, wire flooring, probiotics, SPORULIN, BCO
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M12 Dose responses to dietary Bacillus subtilis C-3102 (Calsporin®) 
in broilers challenged with Eimeria maxima and Clostridium 
perfringens John Schleifer*1, T. Lohrmann1, N. Otomo2, T. Hamaoka2, 
G. Mathis3, B. Lumpkins3, D. Hooge4 1Quality Technology International, 
Inc., Elgin, IL; 2Calpis America, Inc., Mt. Prospect, IL; 3Southern Poultry 
Research, Inc., Athens, GA; 4Hooge Consulting Service, Eagle Mountain, 
UT
 Necrotic enteritis (NE) in commercial broilers most often occurs between 
the ages of 14 to 30 days-of-age and is caused by Clostridium perfringens. 
An Eimeria maxima infection is commonly cited as a predisposing factor 
for NE as it results in primary damage to the intestinal mucosa. Poultry 
producers are increasingly limiting or eliminating the use of antibiotics in 
the control of NE. Alternative products to control NE infections are being 
investigated. The objective of this study is to examine the effectiveness 
of Calsporin® (Bacillus subtilis C-3102) against an NE challenge. In this 
trial, NE was reproduced by challenging broilers at 14 days-of-age with 
Eimeria maxima, followed by an oral gavage of C. perfringens starting at 
19 days-of-age. NE lesion scores were assessed at 21 days-of-age. Mor-
tality and production parameters were assessed at 28 days-of-age. Vary-
ing dosages of Calsporin® were analyzed to determine corresponding 
capabilities of NE amelioration. The effectiveness of Calsporin® in this 
NE challenge model was compared to a non-treated control group and 
one that received therapeutic levels of Stafac®. Significant reductions in 
mortality and lesion scores were attained with Calsporin® against an NE 
challenge compared to the non-treated/infected group. All lesion score 
results for the treatment groups receiving Calsporin® were statistically 
equivalent to the groups fed the Stafac® diets. The results indicate that 
there is evidence of dose response with the Calsporin® treatments in re-
gard to the reduction of NE lesions, mortality and production influences, 
however these data were not significantly different. The NE challenge 
model in this trial resulted in disease reproduction that compares with 
field reports. In this trial, the Calsporin® treatments reduced the disease 
severity of NE and its adverse effect on production parameters.

Key Words: DFM, Bacillus subtilis, necrotic enteritis, Calsporin, broiler

M13 Reduction in Salmonella Heidelberg Shedding and Colonization 
Using a Bacillus licheniformis Probiotic, Optibac-L® and an Antibiotic 
BMD® in Broiler Chickens Charles Hofacre*1, Robert Owen2, C. Stephen 
Roney3, Roy Berghaus1, Greg Mathis4 1The University of Georgia/College 
of Veterinary Medicine, Athens, GA; 2Huvepharma Animal Health, New 
Oxford, PA; 3Huvepharma Animal Health, Grayson, GA; 4Southern Poultry 
Research, Inc., Athens, GA
Statement Purpose: Salmonella Heidelberg is the third leading cause of 
human food borne illness from Salmonella. Intestinal flora moderation 
has been known to reduce Salmonella colonization since Dr. Nurmi in 
1972 demonstrated giving the cecal contents of an adult hen to a chick 
would enhance their ability to resist Salmonella colonization. Most of 
this early work was done with undefined competitive exclusion products 
which have been difficult to obtain registration for their use in many 
countries. The defined probiotics that are lactobacillus or streptococcus 
based have also been shown to work well when administered in the drink-
ing water but this becomes an ease and/or consistency of application is-
sue. Therefore, use of spore forming bacteria, such as Bacillus sp., that 
can survive the feed mill pelleting process affords the poultry industry 
with a probiotic that could be consistently and uniformly administered to 
all chickens in a production complex to reduce Salmonella colonization 
in broilers.

Experimental Design: This study consisted of 24 pens with 50 male 
broilers per pen with 8 replicates per treatment. The treatments were: No 
treatment (coccivaccine Day 1); Optibac-L (Bacillus licheniformis) – 1#/
ton (plus coccivaccine); and BMD (50g/1 ton (starter grower) + Optibac-
L (1#/ton all feeds) + Salinomycin 50g/ton (all feeds). The Salmonella 

heidelberg nalidixic acid resistant strain was challenged to 25 chicks/pen 
at 1 day of age by oral gavage.

Drag swabs in all pens were taken at 1, 14 and 42 days and 10 ceca col-
lected at 42 days for S. Heidelberg prevalence and enumeration by MPN 
(most probable number). Feed consumption and body weights were also 
measured.

Results: The birds receiving Optibac-L or Optibac-L plus BMD had sig-
nificantly lower FCR and higher average body weight gain to 42 days. 
The univariate analysis of the Salmonella data found there was a signifi-
cant difference between treatments with respect to Salmonella prevalence 
(P < 0.001); the Optibac-L treatment and the BMD + Optibac-L treatment 
both had significantly lower prevalence than the control. The odds of Sal-
monella detection were 60% lower in birds receiving the Optibac-L treat-
ment and 77% lower in birds receiving the BMD-Optibac treatment. In 
conclusion, this study has demonstrated that a pelleting temperature tol-
erant Bacillus licheniformis can be used to successfully reduce the preva-
lence of Salmonella Heidelberg colonization in broilers to 42 days of age.

Key Words: Salmonella, Colonization, Bacillus licheniformis, Probiotic 
food safety

M14 Evolutionary relationships between known serotypes and 
unique variants of Salmonella enterica as determined by ISR 
secondary structure Jean Guard*1, Prerak Desai2, Michael McClelland2 
1U. S. Department of Agriculture, Athens, GA; 2University of California, 
Irvine, CA
Intergenic Sequence Ribotyping (ISR) near the dkgB gene of Salmonella 
enterica subspecies I genome is now used to assign serotype in a manner 
that is largely concordant with the historical Kauffman-White-LeMinor 
(KWL) antibody-based scheme. ISR has a number of advantages over the 
KWL scheme, and it can be used to i) assign serotype to strains lacking O- 
and/or H-antigens, ii) detect mixtures of serotypes, and to iii) find strain 
variation within a single serotype as designated by the KWL scheme. 
Other DNA-based methods detect genomic variation within a single se-
rotype, but ISR is more suitable for use in larger scale projects that con-
tinuously monitor environments due to its simplicity of application. A 
limitation of ISR is that sequence cannot be evaluated by phylogenetic 
analysis for evolutionary relatedness, because there is a disproportionate 
impact of size of sequence on clade formation and no parameters have 
been found to circumvent inappropriate clustering. We wanted to know 
if comparing secondary structures generated from ISR sequences was a 
better approach for understanding the evolutionary relationship within 
Salmonella enterica serotypes. To explore this issue, secondary structures 
were generated from a database of ISR sequences and then compared for 
similarity. Results were that strains with ISRs of different sizes but with 
common KWL serotype shared considerable structure. Size differences 
within a KWL serotype were observed as hairpins projecting from a sim-
ilar backbone. Serotypes Newport and the Group D poultry-associated 
serotypes Gallinarum, Pullorum and Enteritidis were revealed to have 
new variants that maintained structural similarities regardless of ISR size. 
We suggest that the roadblock preventing assignment of unique ISR vari-
ants within an evolutionary framework of existing serotypes can thus be 
overcome by recognizing that blocks of sequences rather than individual 
bases are better for assessing evolutionary relatedness. ISR secondary 
structure to assign serotype relatedness within Salmonella enterica sub-
species I may be adequate to recognize new variants within serotypes, 
but other approaches for studying blocks of nucleotides as individual ele-
ments should also be assessed. 

Key Words: Salmonella, Evolution, Ecology, Serotype, Food Safety
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M15 Identification of risk factors and causes of persistence of 
Salmonella Gallinarum in laying hens farms from Colombia Martha 
Pulido-Landinez*1, Alejandro Banda2, Jean Guard3, Vladimir Pinheiro do 
Nascimento4 1National University of Colombia, Bogota, DC, Colombia; 
2Mississippi State University, Pearl, MS; 3United States Department of 
Agriculture, Agricultural Research Service (USDA-ARS)., Athens, GA; 
4Universidade Federal do Rio Grande do Sul, Porto Alegre (RS) -, Brazil
The presence of Salmonella Gallinarum (SG) was recently identified 
in brown egg layers in Colombia. During 2013, twenty isolates were 
analyzed using Intergenic Sequence Ribotyping. Eighteen (90%) were 
SG and two (10%) were Salmonella Enteritidis (SE). SG was isolated 
mainly from organs of sick birds (liver, spleen, bone marrow, and ovary 
follicles) and from environmental samples (feces, feeders, manure belts, 
cages). SE was isolated from organs. In the affected houses, the mortal-
ity distribution pattern was mainly focal and severe egg drops were not 
observed. Some risk factors were identified; they were related not only 

with the widespread of the disease, but also with its persistence. The top 
ten risk factors were as follows: kind of housing, improper operation of 
the manure belts, improper handling of the manure, delay of the removal 
of dead birds, high iron contents in water, high water turbidity, no re-
moval of biofilm and sediments from water pipes, inadequate traffic of 
the staff within the farm, high stocking density in houses, and multiage 
farms. Fowl typhoid is a very difficult and costly disease to eradicate. 
Contrary to other reports, our results showed that SG can often survive in 
the environment. Although in many countries the successful control was 
achieved with the elimination of positive birds, this practice is frequently 
not economically viable in large multi-age companies or in developing 
countries. Therefore, it is necessary to identify the potential persistence 
of the risk factors and to implement measures to avoid or prevent the 
widespread of the disease. 

Key Words: Salmonella Gallinarum, Fowl Typhoid, Risk factors, Inter-
genic Sequence Ribotyping, Salmonella persistance

Metabolism & Nutrition I

M16 The Effects of Coarsely Ground Corn Inclusion on Female 
Broiler Live Performance, Gizzard and Proventriculus Weight, Litter 
Characteristics and Ammonia Emission Yi Xu*SC, Lingjuan Wang 
Li, Charles Stark, Peter Ferket, Mike Williams, John Brake NC State 
University, Raleigh, NC
Coarsely ground corn (CC) inclusion has been reported to improve broiler 
feed conversion ratio (FCR) and decrease litter nitrogen and moisture, so 
it was hypothesized that ammonia production would be reduced as well. 
The objectives of this study were to evaluate the effect of CC inclusion 
on female broiler live performance, gizzard and proventriculus weight, 
litter characteristics, and litter ammonia emission. The study was a single 
factor experiment of two CC inclusion (0% CC 1 to 42 d or 10% CC from 
1 to 21 d and 50% CC from 22 to 42 d). There were 270 1-d-old female 
broiler chicks brooded in floor pens to 21 d with dietary treatments of 0% 
CC or 10% CC. Thereafter, 90 female broilers from each treatment were 
randomly distributed into 3 environmental chambers and each fed either 
0% CC or 50% CC diets to 42 d of age. There were 30 birds in each of 
the 6 chambers with 3 chambers assigned per dietary treatment. At 21 d 
of age, birds fed the 10% CC diet had higher BW (P < 0.05) compared 
with 0% CC diet (787 g versus 767 g) without effect on feed intake and 
FCR. At 42 d of age, the birds fed the 50% CC diet had numerically lower 
feed intake (2587 g versus 2707 g) and BW gain (1917 g versus 2011 g) 
(P = 0.09) with a similar FCR from 22 to 42 d as compared with those 
fed 0% CC. Meanwhile, 50% CC increased gizzard weight (P < 0.01). 
The chambers with birds consuming the 0% CC diet exhibited signifi-
cantly higher NH3 concentration (P < 0.01), ammonia emissions rate (P 
< 0.01), and litter nitrogen (P < 0.01) and moisture content (P < 0.01) 
as compared with the birds consuming the 50% CC diet. Feed intake 
was not significantly correlated with ammonia concentration (P = 0.48), 
ammonia emission rate (P = 0.27), litter nitrogen (P = 0.64) or moisture 
content (P = 0.33). The results of this study supported the hypothesis that 
dietary CC inclusion resulted in decreased litter nitrogen, litter moisture, 
and ammonia emission. 

Key Words: broiler, corn particle size, litter nitrogen, ammonia emission, 
litter moisture

M17 Division of Feed Ingredients to Minimize Crude Protein 
Variability and Maximize Savings of Feeds Formulated by Linear 
and Stochastic Methods Rashed Alhotan*SC, Gene Pesti, Gregory Colson 
University of Georgia, Athens, GA
Feed ingredients such as corn and soybean meal (SBM) vary in their nu-
trient content due to a variety of reasons. Such inherent variability can 
result in under or over-feeding of nutrients when feeds are formulated 

by linear methods, leading to reduced bird growth, added input costs, 
and increased environmental pollution. This research considers a simple 
feasible method to reduce nutrient variability and costs by employing 
rapid nutrient testing methods (e.g., NIRS) to separate feed ingredients 
into two separate bins of below- and above-average contents prior to 
feed formulation (2-bin method) in lieu of the traditional method of no 
separation (1-bin method). This study quantifies the effect of separating 
corn and SBM into below- and above-average batches on 1) crude pro-
tein (CP) variability of finished feed; and 2) the cost of providing CP at 
specified probability levels. To assess the impact of feed separation simu-
lation analysis of feeds meeting NRC requirements for a broiler starter 
(e.g., CP=23%) was conducted. The simulation method was based on 
statistics of corn and SBM samples collected from various regions of 
North America. Simulations demonstrate that linear and stochastic feed 
formulation with the 2-bin method resulted in a considerable reduction in 
the coefficient of variation (CV) and standard deviation (SD) of CP in the 
finished feed (CV≈ 1.20; SD ≈ 0.28) compared to the 1-bin method (CV 
≈ 2.81; SD ≈ 0.65). For the linear feed formulation, 96% of the batches of 
feed formulated by the 2-bin method have CP above 22.5% compared to 
78% for the 1-bin method. On the other hand, only 3.5% of the batches of 
feed for the 2-bin method have CP above 23.5% compared to 22% for the 
1-bin method. Further, stochastic feed formulation with the 2-bin method 
results in substantial savings ($3.44/ton for feed with a 90% probability 
of achieving target CP levels). Results of this study suggest that dividing 
feed ingredients into below- and above-average batches could be useful 
in improving performance due to reduced under-feeding and minimiz-
ing waste from reduced over-feeding. With stochastic feed formulation 
methods, the 2-bin method can maximize savings. 

Key Words: Nutrient variability, Protein, linear programming, stochastic 
programming, savings

M18 Nutrient utilization of broilers fed corn-soy diets having a 
Thermomyces lanuginosus xylanase Catarina Stefanello*SC1, Sergio 
Vieira1, Henrique Cemin1, Jose Sorbara2, Rafael Hermes2 1Universidade 
Federal do Rio Grande do Sul, Porto Alegre, Brazil; 2DSM Nutritional 
Products, Sao Paulo, Brazil
A study was conducted to evaluate the effects of a thermostable endo-
1.4-β-xylanase (EC 3.2.1.8), RONOZYME® WX, DSM Nutritional 
Products) supplemented in corn-soybean meal diets fed to a total of 480 
Cobb 500 slow feathering male broilers. Birds were fed a basal (Basal) 
diet using industry nutrient levels (21.0% crude protein (CP), 1.15% dig. 
Lys, 0.86% dig. TSAA, 0.75% dig. Thr and 3,100 kcal apparent metabo-
lizable energy (AME/kg) and also the same formulated diet replaced with 
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corn at 40% (Test). Basal and Test diets were supplemented with 50, 100, 
150 and 200 Farbe Xylanase units (FXU)/kg of feed to compose 10 treat-
ments. Diets were fed from 14 to 25 d to birds in battery cages with 8 
replicates of 6 birds per treatment. Total excreta were daily collected from 
21 to 25 d and feed intake was recorded. Feed and excreta were submitted 
to combustion using an IKA calorimeter as well as analyses of CP, ether 
extract (EE) and dry matter (DM) to calculate their metabolizability coef-
ficients and AME. Xylanase added to the basal diet resulted in quadratic 
increases (P<0.05) in AME (y = - 0.015x2 + 3.976x + 3,154; R2 = 0.48; 
max = 131 FXU/kg at 3,415 kcal/kg) and in metabolizability of DM (y = 
- 0.0002x2 + 0.055x + 71.839; R2 = 0.20; max = 138 FXU/kg at 75.65%); 
with linear adjustment occurring for the metabolizability of CP (P<0.05) 
(y = 0.020x + 67.153; R2 = 0.21). Adding xylanase to the Test diet led to 
linear increases (P<0.05) in AME as well as in the metabolizability of EE 
of corn (y = 1.103x + 3,135; R2 = 0.21 for AME; and y = 0.043x + 73.954; 
R2 = 0.44 for EE). In conclusion, when the xylanase was tested in a com-
plete diet 131 FXU/kg maximized its energy release effect (261 kcal/kg 
feed), whereas a maximum energy release was not achieved until 200 
FXU/kg when AME of corn was estimated from the Test diet; however, 
220 kcal AME/kg of corn can be estimated from the linear regression 
equation at 200 FXU/kg. 

Key Words: broiler, xylanase, corn-soy diet

M19 The effect of 25-hydroxyvitamin D3 on broiler muscular protein 
synthesis Karen Vignale*SC1, Justina Caldas1, Judith England1, Nirun 
Boonsinchai1, Phiphob Sodsee1, Erik Pollock2, Elizabeth Greene1, Sami 
Didi1, Craig Coon1 1University of Arkansas, Fayetteville, AR; 2University 
of Arkansas Stable Isotope Laboratory, Fayetteville, AR
The positive effect of 25-hydroxyvitamin D3 (HyD) on breast muscle 
yield is well established, however the underlying molecular mechanisms 
are still not known. Therefore, the present study was undertaken to ad-
dress this issue. A total of 4 treatments were carried out as follows: Treat-
ment 1.)Control diet (normal D3, 2760 IU/kg feed). Treatment 2.) Diet 
with high levels of D3 (5520 IU/kg feed). Treatment 3) Diet with HyD 
on top from 0-42 days (5520 IU/kg feed) Treatment 4) Diet with HyD on 
top from 1-21 days (5520 IU/kg feed), and diet with normal D3 (2760 IU/
kf feed) from 22-42 days. Each treatment had 12 replications and each 
replication had a total of 30 broilers per pen. A CRD was used with 4 
treatments and 12 replications per treatment. Analysis of variance was 
performed using JMP software. A total of 48 pens and 1440 broilers were 
used for this trial. All broilers were weighed at 1, 21 and 42 days of age. 
Feed intake and FCR were also recorded. At day 42, 10 birds per treat-
ment were infused with a solution of 15N Phen 40% APE (atom percent 
excess) in order to determine protein turnover. After 10 min, birds were 
slaughtered and the breast muscle excised and frozen in liquid nitrogen 
for protein synthesis and gene expression analysis. Excreta samples from 
each group of broilers were collected and frozen for 3-methylhistidine 
analysis.The acid-soluble fraction (2% perchloric acid) containing free 
amino acids from muscle was separated from the protein precipitate. The 
ratio of 15N:14N of each fraction was determined via GCMS. Quantifica-
tion of 3-methylhistidine in both muscle and excreta was also determined 
via GCMS. RT- real time PCR was performed to determine the expres-
sion of protein synthesis-related genes: mTOR, S6K-1 and IGF-1.At day 
42, 50 birds per treatment were processed and the breast meat yield was 
determined.No significant differences were found in body weight at 42 
days of age. Breast meat yield of the broilers fed HyD from day 1 to day 
21 and those fed HyD from day 1 to day 42 was 0.59% and 0.69% higher 
than the control, respectively (P = 0.02).Muscular fractional synthesis 
rate of broilers fed HyD was significantly higher than the control ( P = 
0.04). The relative expression of mTOR, IGF-1 and S6K-1 was signifi-
cantly higher for broilers fed HyD from 1-42 days of age, and higher but 
not significant for broilers fed HyD from 1-21 days of age. HyD has a 
positive effect on breast meat yield and fractional synthesis rate and the 
response was significant at day 42. Higher levels of Vitamin D produced 

no positive effects on breast meat yield and fractional synthesis rate. Our 
data suggest that the positive effects of 25-OH-D3 on breast meat yield 
may be mediated through TOR pathway.

Key Words: HyD, protein turnover, breast meat yield, gene expression, 
25-OH-D3

M20 Effects of organic and inorganic zinc sources at varying 
inclusion rates in commercial broiler diets on performance, carcass 
yield, gut tensile strength, and bone integrity Kailey Ethridge*SC1, 
Mireille Arguelles-Ramos2, Joey Bray1 1Stephen F. Austin State University, 
Nacogdoches, TX; 2NOVUS, St. Charles, MO
The objective of the current study was to determine the effects of two 
organic zinc sources (Mintrex® Zn and another commercially available 
zinc amino acid complex (“Competitor”)) compared to an inorganic zinc 
source (zinc sulfate) on commercial broiler performance, carcass yield, 
and gut and bone integrity. A total of 3,480 one-day-old male Cobb 700 
broilers were randomly assigned to 60 floor pens at a stocking density 
of 0.85 ft2/bird (58 birds/pen). Birds received 1 of 6 dietary treatments 
over the 56 day growing cycle. Dietary treatments consisted of the fol-
lowing: Low-level Zn diets (40 ppm Zn sulfate, 40 ppm Competitor, 40 
ppm Mintrex® Zn) or Mid-level Zn diets (80 ppm Zn sulfate, 40 ppm 
Competitor + 40 ppm Zn sulfate, Mintrex® Zn 40 ppm + 40 ppm Zn sul-
fate). Treatment groups were compared using a 2X3 factorial design (zinc 
level X zinc source). Bird performance was measured by average body 
weight, feed conversion ratio, and mortality on d18, 33, 42, & 55. Gut 
tensile strength was determined on d56 by randomly-selecting 2 birds/
pen, after removing the small intestine it was broken at the midpoint of 
the jejunum. Using the same two birds, the right tibia bone was excised, 
defleshed, dried, and ashed to determine total bone ash weight. Bone ash 
was then analyzed for Zn mineralization using an inductively coupled 
plasma spectrophotometer. At the completion of the study, 5 randomly-
selected birds/pen were processed to determine meat yield for all retail 
cuts. Performance data shows significant interactions between Zn source 
and Zn level on d15, 33, & 55. There were no differences for gut ten-
sile strength among treatments. Significant interactions were detected for 
tibia bone dry weight and ash weight, but there were no differences in 
tibia bone Zn levels. Mintrex® Zn significantly increased WOG, carcass 
front half, carcass hind half, wings, drums, and thighs when compared 
to Competitor. These results suggest that Mintrex® Zn had statistically 
significant positive effect on performance parameters, bone integrity and 
carcass yield in commercial broilers. 

Key Words: Zinc, Broilers, Tensile Strength, Bone, Yield

M21 Evaluation of Calsporin® and IMW50® on pullets raised 
in a cage-free system. Simeen Johal*SC1, Kimberly Livingston1, Troy 
Lohrmann2, Tomohiro Hamaoka3, Brian Lee3 1California Polytechnic State 
University, San Luis Obispo, CA; 2Quality Technology International, Inc., 
Elgin, IL; 3Calpis USA, Inc., Mt. Prospect, IL
Recently, consumers have requested that their eggs come from a cage-
free environment. The poultry industry now produces eggs that protect 
consumer choice and without compromising animal health and efficien-
cy. Probiotics and prebiotics have been shown to improve production per-
formance in broilers, turkeys, and laying hens. However, little research 
has been done to determine if pullets raised in a cage-free environment 
respond similarly. Therefore, 1,100 Leghorn 1-d-old Hyline W36 pullets 
were fed a diet containing either Calsporin® (Bascillus subtilis C-3102 
;0.05%), IMW50® (mannan-oligosaccharide; 0.05%), or Calsporin® 
and IMW50® together with 11 replicates/treatment. Body weight (BW), 
feed intake, feed conversion (FCR), pullet uniformity, and mortality were 
calculated for each dietary phase. In addition, fecal samples were col-
lected throughout the study. The dietary treatments did not alter the first 
week mortality of the chicks. Also, no differences in BW gain, feed in-
take, or FCR were observed among dietary treatments during the starter 1 
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(0-21 d), grower (48-83 d), and developer (84-98 d). However, during the 
starter 2 phase (22-47 d), BW gain was significantly improved with the 
addition of Calsporin® (P <0.001) and IMW50® (P<0.05). Moreover, 
Calsporin® improved FCR during this phase (P<0.01). Evaluation of the 
whole study (starter 1 to developer), did result in greater BW gain with 
the addition of Calsporin ® (P<0.05). Thus, leading to a tendency for 
birds on Calsporin® to have improved FCR (P=0.06). Although there 
was no significant effect of treatment on uniformity, birds consuming 
IMW50® tended to have better uniformity at 16 weeks of age (P=0.08). 
Evaluation of the fecal samples did show high Lactobacilli to anaerobic 
bacteria ratio across all treatment groups, indicating a low environmental 
challenge of the birds. The results show that the addition of Calsporin® 
and IMW50® improves BW gain in pullets raised in a cage-free environ-
ment. If these pullets were subjected to greater environmental challenge, 
it is thought there would be greater improvement of BW gain and FCR 
due to the addition of Calsporin® and IMW50®. 

Key Words: Bascillus subtilis, mannan oligosaccharide, pullets, cage free, 
direct fed microbial

M22 Effect of a liquid whole egg globulin protein supplement on 
broiler performance, intestinal histology, and bacitracin-resistant 
Clostridium growth Malea Frank*SC1, Mary Foy1, Tyler Clark1, Pramir 
Maharjan1, Jennifer Lutes1, David Zehendner2, Susan Watkins1 1University 
of Arkansas, Fayetteville, AR; 2R&D LifeSciences, Menomonie, WI
Protemace® is a liquid whole egg globulin supplement, applied to the 
drinking water, that provides immunoglobulins. This investigational 
effort was designed to measure the impact of Protemace® on various 
aspects of broiler performance. Parameters measured included live per-
formance, duodenal and ileal histology, and bacitracin-resistant Clos-
tridium. Day-old males from the Cobb 500 female line were allocated 
to 48 pens (30 chicks/pen; 12 pens/treatment) and grown to 42 days. 
There were four treatments. Control used municipal water. Treatment 2 
supplemented Protemace® from day 1-7, followed by 24 h of diluted 
stabilized hydrogen peroxide. Treatment 3 supplemented Protemace® 
from day 1-7, day 21-28, followed by 24 h of diluted stabilized hydrogen 
peroxide on days 8 and 29. Treatment 4 supplemented Protemace® from 
day1-42, followed by 24 h of diluted stabilized hydrogen peroxide on 
days 8, 15, 22, 29, 36, and 40. Live weights, feed conversion and liv-
ability were evaluated at 14, 35, and 42 days. Gastrointestinal histology 
and Clostridium were evaluated at day 42. No significance existed in live 
performance (P<0.05). Duodenal villi height in treatments 2 and 3 were 
both significantly longer than control, while crypt depth was significantly 
deeper in treatments 2, 3, and 4 versus control. Ileum villi height of treat-
ments 2, 3, and 4 were significantly longer than control, and crypt depths 
of treatments 2, 3, and 4 were all significantly deeper than control. Of the 
12 birds per treatment sampled, Control had a 77% incidence of bacitra-
cin-resistant Clostridium species in the mid-gut while treatments 2 and 3 
each had 33% positive incidence and treatment 4 had 0% positive. These 
results suggest Protemace® could improve gut health and may also have 
a role in alleviating Clostridia challenges in broilers. 

Key Words: globulin, broiler, Clostridium, bacitracin, villi

M23 Effect of slow and rapid peroxidation on the performance and 
energy storage of broiler chicks fed corn oil Isa J. Ehr*SC1, Brian J. Kerr2, 
Michael E. Persia1 1Iowa State University, Ames, IA; 2USDA-ARS, Ames, IA
There is a recent trend to use more corn oil in poultry diets, either through 
the use of dried distiller’s grains with solubles (DDGS) or corn oil ex-
tracted from DDGS (DCO) that has resulted in the use of oil with a higher 
potential for peroxidation. The objective was to determine the effects of 
peroxidative status in corn oil on broiler performance and energy stor-
age. A refined corn oil sample was exposed to two oxidative processes 
before being fed at a 5% inclusion rate from 0-14 d and 10% from 15-27 
d. The diets contained an unperoxidized corn oil (UPO), a slowly per-

oxidized corn oil (SO; heated for 72 h at 95°C), or a rapidly peroxidized 
corn oil (RO; heated for 7 h at 185°C). A fourth treatment consisted of 
a supplemental oil-free diet to be used to determine AMEn in each corn 
oil source by the difference method. Each experimental unit consisted 
of 6 Ross 708 broiler chicks with 10 replicates for each of the four treat-
ments. Analysis of variance was determined (P ≤ 0.05) and Student’s t-
test was used to separate treatment means. Body weight gain, feed intake 
and feed conversion ratio (FCR) was measured for the 0-14 and 0-27 d 
periods. Abdominal fat pad (AFP) and excreta collection was performed 
on d-27. As expected, birds fed the supplemental oil-free diet exhibited 
lower performance and smaller AFP compared to birds offered to the oil 
supplemented diets. No significant differences were observed among oil 
supplemented birds for body weight gain, feed intake, or FCR; although 
birds fed either peroxidized corn oil source consistently resulted in the 
numerically poorest performance. There was a significant reduction in 
birds fed the RO corn oil having the smallest AFP weights compared 
to birds fed the UPO corn oil, with birds fed the SO corn oil having in-
termediate AFP weights. In conclusion, corn oil peroxidation status had 
minimal effects on broiler performance, but did result in differences in 
energy utilization as indicated by abdominal fat pad weight.

Key Words: abdominal fat pad, broiler, corn oil, performance, peroxida-
tion

M24 Apparent ileal amino acid digestibility (AIAAD) of various 
animal by-product blends (ABB) in broilers aged 21 and 42 d of 
age Cameron Cardenas*SC1, Elizabeth Kim2, Bob Hill3, Kelley Wamsley1 
1Poultry Science Department, Mississippi State University, Mississippi 
State, MS; 2USDA-ARS Mississippi State, Starkville, MS; 3H.J. Baker & 
Bro., Inc., Little Rock, AR
 The objective of this study was to determine any age differences on 
AIAAD of various ABB. Eight commercially available ABB were ob-
tained and analyzed for total amino acid (AA) content and crude protein. 
Semi-purified diets were formulated for each of the ABB to contain 20% 
crude protein, with all AA provided by each of the ABB. Diets were bal-
anced for all other nutrients with the exception of energy and crude pro-
tein, with cornstarch and dextrose (2:1) completing the diets. Titanium 
dioxide was added as an indigestible marker at 0.3%. The same diet was 
fed at D21 and 42 to allow for age comparisons. At day of hatch, 832 
Ross x Ross 708 male broilers were obtained from a commercial hatchery 
and raised in common floor pens until D14 and 35. On D14, 512 male 
broilers were randomly allocated into 8 replicate battery cages of 8 birds. 
On D35, group size was decreased to 5 birds/cage for a total of 320 broil-
ers. Birds were allowed to acclimate to the battery cages for 72 h and on 
D17 and 38, after an overnight fast, experimental diets were provided 
for ad libitum consumption until the end of the experimental period, at 
D21 and 42. At the end of the each experimental period, all birds were 
weighed, feed intake was recorded, birds were euthanized via CO2 inhala-
tion, and ileal contents were collected from the Meckel’s diverticulum to 
the ileocecal junction. Digesta were pooled by replicate group, creating 
8 replications per treatment. All ileal digesta were frozen, freeze-dried, 
and analyzed for titanium and total AA content. In general, AIAAD data 
demonstrated higher digestibility for birds at D21, as compared to D42 
(P≤0.05). However, only certain ABB had an age effect for several AA 
(P≤0.05), while others did not (P≥0.05). Average AAID data established 
for D21 and 42 ages for all of the tested ABB differed on average from 
1.48 to 10.19%. These data indicate that age effects on AA digestibility 
for ABB should be considered to potentially provide for better precision-
formulation, especially when implemented in a phase-feeding program. 

Key Words: amino acid digestibility, broilers, age effects, animal by-prod-
uct blends
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M25 Nitrogen corrected apparent metabolizable energy and apparent 
ileal amino acid digestibility of reduced-oil distiller’s dried grains with 
solubles fed to broilers from 21 to 30 days of age K. R. Perryman*SC, J. 
B. Hess, W. A. Dozier, III Auburn University, Auburn, AL
Two experiments were conducted using male Ross × Ross 708 chicks to 
determine the effect of oil extraction from corn distiller’s dried grains with 
solubles (DDGS) on AMEn and amino acid (AA) digestibility from 21 to 
30 d of age. On a DM-basis, ether extract concentrations were determined 
as 6.06% (L-DDGS), 8.80% (M-DDGS), and 11.59% (H-DDGS) for the 
3 experimental DDGS sources. Prior to experimentation, each sample 
(L-DDGS, M-DDGS, and H-DDGS) was analyzed on a DM-basis for 
crude protein (30.3, 28.5, and 30.7, %), starch (4.9, 5.9, and 6.7, %), ash 
(5.4, 5.4, and 5.0, %), neutral detergent fiber (32.9, 37.1, and 33.0, %), 
total dietary fiber (31.4, 36.6, and 33.6, %) and crude fiber (10.0, 9.4, 
and 8.8, %). In experiment 1, 576 chicks (12 birds per pen; 0.039 m2 per 
cage) were randomly assigned to 48 grower battery cages. Four dietary 
treatments were fed from 21 to 28 d of age. A 48 h excreta collection was 
conducted for AMEn determination from 26 to 28 d of age. Treatment 1 
consisted of 85% corn and soybean meal basal diet and 15% dextrose. 
Treatments 2, 3, and 4 consisted of 85% basal diet plus 15% L-DDGS, 
M-DDGS, or H-DDGS, respectively. Apparent MEn concentrations 
differed (P < 0.001) among the 3 DDGS samples and were 1,975, 2,644, 
and 3,137 kcal/kg for L-DDGS, M-DDGS, and H-DDGS, respectively. 
In experiment 2, 432 chicks (12 birds per cage; 0.039 m2 per bird) were 
randomly assigned to 36 battery grower cages. Broilers were fed one of 3 
semi-purified diets, which were comprised of 76% L-DDGS, M-DDGS, 
or H-DDGS as the sole AA source, from 21 to 30 d of age. Standardized 
ileal AA digestibility (SIAAD) coefficients were negatively affected (P 
< 0.05) by oil extraction for Met (0.735, 0.788, and 0.803), Cys (0.654, 
0.661, and 0.717), Trp (0.825, 0.843, and 0.888), and Arg (0.779, 0.792, 
and 0.817) for L-DDGS, M-DDGS, and H-DDGS, respectively. Con-
versely, no differences in SIAAD coefficients were reported for Lys, Thr, 
and Val. These results indicated that L-DDGS had reduced AMEn and 
lower SIAAD coefficients for Met, Cys, Trp, and Arg compared with H-
DDGS. 

Key Words: apparent metabolizable energy, standardized ileal amino acid 
digestibility, distillers dried grains with solubles

M26 Effect of inclusion level and metabolizable energy values of 
DDGS on pellet quality, nutrient digestibility, incidence of footpad 
lesions, and broiler live performance Wilmer Pacheco*SC, Adam 
Fahrenholz, Charles Stark, Peter Ferket, John T. Brake North Carolina 
State University, Raleigh, NC
Previous research has shown that up to 30% of DDGS can be used when 
broiler diets are formulated on a digestible AA basis. However, it is still 
unclear what the maximum dietary inclusion level of DDGS should be 
when the diets are formulated on a CP basis. The ME value of DDGS 
is generally calculated based on crude fat (CF), protein, and fiber con-
tent. Crude fat can be determined by ether extract (AOAC 920.39) or 
by including a more complicated acid hydrolysis pretreatment (AOAC 
954.02), which yields about 2% higher crude fat value in DDGS and thus 
about 2.2% higher estimated ME value. The objective of this study was 
to evaluate the effect of DDGS level and estimated ME value on pel-
let quality, nutrient digestibility, incidence of footpad lesions, and broiler 
live performance. A total of 1,260 male broiler chicks were randomly 
distributed among 5 treatments with 6 replicate pens per treatment and 35 
chicks per pen. The treatments consisted of a control diet without DDGS 
and a factorial arrangement of two analytical methods for CF analysis 
(AOAC 920.39 and AOAC 954.02) and 2 dietary DDGS inclusion levels 
(15 and 30%). The DDGS ME values used for feed formulation were 
2,631 and 2,689 kcal/kg. A common starter diet containing 6% DDGS 
was fed in crumbled form, while the experimental grower and finisher 
diets were fed in a pelleted form. Feed consumption and BW were de-
termined at 14, 35, and 49 d of age, and feed conversion ratio (FCR) 

calculated by using the BW of all dead birds. At 35 and 49 d ileal samples 
were obtained for nutrient digestibility analyses. At 50 d of age footpad 
lesions were evaluated. The analytical method 954.02 resulted in lower 
mixer fat addition and improved pellet quality (P<0.01). In contrast, in-
creasing DDGS inclusion level to 30% reduced pellet quality (P<0.01), 
as well as reduced BW (P<0.01), feed efficiency (P<0.01), protein digest-
ibility (P<0.01), and increased the incidence of footpad lesions (P<0.01). 
Broilers can be fed up to 15% DDGS when diets are formulated on a CP 
basis, and the method of estimating CF and ME has marginal effect on 
live performance. 

Key Words: DDGS, pellet, energy, footpad, digestibility

M27 Validation of prediction equations for the apparent metabolizable 
energy of corn distillers dried grains with solubles in broiler chicks K. 
J. Meloche*SC1, B. J. Kerr2, N. Billor1, W. A. Dozier, III1 1Auburn University, 
Auburn, AL; 2USDA-ARS National Laboratory for Agriculture and the 
Environment, Ames, IA
Previous research has reported the development of regression equations 
for estimating the AMEn of corn distillers dried grains with solubles 
(DDGS) on the basis of nutrient composition as a means to account for 
energy variability. To our knowledge, however, an independent valida-
tion of prediction equations for AMEn of DDGS has not been reported in 
poultry. Therefore, an experiment consisting of 3 nearly identical trials 
was conducted to determine the AMEn content of 15 samples of corn 
DDGS in order to validate 4 previously published prediction equations. 
In total, 1,754 male Ross × Ross 708 chicks were housed in grower bat-
tery cages and received a common starter diet until the experimental peri-
od. Each cage was randomly assigned to 1 of the dietary treatments (Trial 
1 and Trial 2: Control + 6 test diets, 13 replicates per diet; Trial 3: Control 
+ 3 test diets, 12 replicates per diet). Experimental diets were fed over a 
6-d acclimation period, followed by a 48 h total excreta collection period. 
On a DM-basis, AMEn of the 15 DDGS samples ranged from 1,975 to 
3,634 kcal/kg. Application of the 4 equations to the validation data re-
sulted in root mean square error values of 335, 381, 488, and 502 kcal/kg, 
respectively. Least angle selection shrinkage operator (LASSO) selection 
was applied to proximate analysis data from 30 corn co-products adapted 
from prior research within this laboratory. The LASSO technique im-
poses a constraint on the slope estimates to more accurately select among 
linearly related variables. Use of this method resulted in the following 
best-fit equation: AMEn (kcal/kg) = 3,673 – (121.35 × CF) + (51.29 × 
EE) – (121.08 × ash); P < 0.001; R2 = 0.70; R2

adj = 0.67; root mean square 
error = 270 kcal/kg. These results indicate that a thorough assessment of 
the associated error of prediction is necessary prior to the practical ap-
plication of prediction equations for AMEn.

Key Words: broilers, distillers dried grains with solubles, metabolizable 
energy, prediction equations, validation

M28 Indirect calorimetry approach to measure energy savings from 
exogenous enzymes Justina Caldas*SC, Karen Vignale, Nirun Boonsinchai, 
Monticha Putsakum, Judith England, Craig Coon University of Arkansas, 
Fayetteville, AR
Indirect Calorimetry has been used for years to measure livestock and 
poultry heat production by determining oxygen consumption and carbon 
dioxide production. Poultry heat production while consuming different 
feedstuffs has not been a priority because the industry still prefers us-
ing ME compared to NE for expressing energy in feeds. Consequently, 
the aim of present studies was to express gas exchange information as 
ME while feeding exogenous enzymes. Two studies were performed. 
The purpose of the Trial 1 was to test the sensitivity of the gas exchange 
system when using a range of ME feeds. A standard was developed using 
six respiratory chambers connected to an open flow circuit type calorim-
eter. Eight male Cobb broilers were placed in each chamber at 14 d and 
adapted for four days. At 18 d, four chicks remained in the chamber and 
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four were analyzed for body composition. The analyses of gases were 
determined from d 19-21. The broilers were fed from d 14-21 three dif-
ferent grower diets containing 3000, 3100, and 3200 kcal ME/kg. The 
diets consisted primarily of corn, soybean meal and poultry fat. The 3100 
and 3200 kcal ME diets contained increasing protein and amino acids to 
maintain equivalent nutrient density with the 3000 kcal diet. All statistical 
analysis were performed using JMP pro 11 (SAS institute, 2013). Mul-
tiple regression analysis was developed having 2 independent variables, 
ME and age, the dependent variables were various parameters of gas ex-
change. The parameters with statistical significance (p-value <0.05) were 
VO2 expressed in L/Kg0.70 R2=0.83; and L/Kg FI R2=0.87; RER (Respi-
ratory exchange ratio) R2 = 0.77. Thus, the conclusion of Trial 1 was 
that the system could estimate energy differences from VO2 and RER 
between the three diets tested. In Trial 2, four treatments were studied: 
control (3100 Kcal, 19 CP); control plus xylanase + β-glucanase; control 
plus protease; and control plus pectinase + β-glucanase. Materials and 
methods were similar to Trial 1 but in Trial 2 an Incomplete Randomized 
Design was performed with six replications per treatment. The ME was 
predicted from the equation VO2 L/Kg0.70 for 21 day of age using the 
statistical tool Inverse Prediction for each treatment. The energy savings 
from the enzymes was calculated subtracting the ME from the control. 
All the dietary treatments with enzymes showed energy savings + 92kcal/
kg, +130kcal/kg, + 34kcal/kg, respectively, compared to the control. 
These two trials suggests that gas exchange using Indirect Calorimetry 
in an open circuit system may be powerful tool to account for ME from 
the diet and provide a consistent and faster method to give ME values for 
an enzyme matrix.

Key Words: Calorimetry, VO2, exogenous enzymes, Metabolizable En-
ergy

M29  The effect of breeder genetic line, calcium and non-phytate 
phosphorus levels on biomarker related to bone homeostasis and egg 
shell quality Phiphob Sodsee*SC, Karen Vignale, Justina Caldas, Nirun 
Boonsinchai, Monticha Putsakum, Judith England, Craig Coon University 
of Arkansas, Fayetteville, AR
The effect of dietary calcium (Ca) and non-phytate phosphorus (NPP) 
level on four lines of broiler breeders was studied from 21 to 50 weeks 

of age. Pullets (246 from each of purelines A, B, C and D) were indi-
vidually caged and light stimulated at 21 weeks of age. Hens from each 
line were fed one of six diets varying in Ca and NPP: 1) 2.25% Ca with 
0.25% NPP; 2) 2.50% Ca with 0.25% NPP; 3) 2.75% Ca with 0.25% 
NPP; 4) 3.0% Ca with 0.25% NPP; 5) 3.25% Ca with 0.25% NPP; and 
6) 3.25% Ca with 0.40% NPP. Daily allotted feed intake was increased 
for every 8 percent increase in egg production going from 5% to peak. 
Egg production and egg quality parameters were recorded throughout the 
experimental period. Chicks hatched from breeder hens from each treat-
ment (line x diet) were fed a commercial broiler starter diet for 14 days. 
At 14 days of age plasma was collected from the chicks for bone specific 
alkaline phosphatase (BAP), fibroblast growth factor 23 (FGF23), and 
tartrate resistant acid phosphatase (TRAP) determination. The breeder 
study was terminated at 50 wk of age and blood samples were collected 
from 1000 hrs to 1300 hrs to evaluate bone homeostasis parameters. Tibia 
bones from hens were collected for histological TRAP staining. Chicks 
and hens were scanned, GE® Lunar Prodigy (DXA), for body composi-
tion. Statistical analysis was two-way ANOVA with interaction from two 
main factors (line and diet). The results showed that there was no signifi-
cant difference in hen plasma BAP, FGF 23, TRAP and bone TRAP score 
due to genetic line or diet. The level of plasma BAP corresponded to 
shell quality by line whereas plasma FGF 23 levels corresponded to shell 
quality by diet. Bone TRAP score in breeders was statistically correlated 
to plasma TRAP activity (r=4.75). In 14-day-old progeny, there was no 
significant difference in BAP, FGF23 and TRAP due to diet fed to the 
breeder. However, regarding to the lines, plasma BAP in both hens and 
chicks, %BMC in both hens and chicks corresponded to shell quality. In 
conclusion, BAP from each genetic line may be used as an indicator or 
biomarker to determine potential shell quality and %BMD for breeder 
hens and the progeny chick.

Key Words: calcium, non-phytate phosphorus, bone specific alkaline 
phosphatase, fibroblast growth factor 23, tartrate resistant acid phosphatase

Environment Management I

M31 Translocation of Campylobacter and Salmonella to the spleen 
and liver/gallbladder in 7 and 14 day old broiler chicks following oral 
gavage Beverly McLendon*SC1, Nelson Cox2, Douglas Cosby2, Jeanna 
Wilson3 1University of Georgia, Athens, GA; 2USDA Russell Research 
Center, Athens, GA; 3UGA Poultry Science, Athens, GA
Day-of-hatch broilers were obtained from a commercial hatchery and 
orally gavaged with 0.10mL of either 103 or 106 cells of a marker strain 
of Campylobacter coli (CC) or Salmonella Typhimurium (ST). At one 
and two wk after inoculation 10 broilers from the control and each treat-
ment group were humanly euthanized by cervical dislocation, aseptically 
opened and the spleen, liver/gallbladder (l/gb) and ceca removed and 
individually analyzed. After one wk, ST was recovered from 100% of 
the treatment group ceca, spleen and l/gb at both 103 and 106 challenge 
levels. The CC was recovered from 100% of the spleen and 30% of the 
l/gb at 103 challenge level and from 10% of the spleen and 50% of the 
l/gb at the 106 challenge level. After two wk, the low challenge resulted 
in 90% positive in the spleen and 100% l/gb for ST and 40% positive 
spleens and 70% positive l/gb for CC. At 106, ST was recovered from 
90% of the spleens and 100% of the l/gb, while CC was recovered in 
10% of the spleens and 40% of the l/gb. It is obvious from these data 
that both Campylobacter and Salmonella consistently translocate to the 
spleen and l/gb following oral gavage, but this strain of ST translocated 

to a greater degree than the strain of CC. Whether long term persistence 
of these bacteria exists throughout the life of broilers and particularly 
breeders has yet to be determined. The role that these reservoirs play in 
the possible contamination of offspring of mature breeder birds will also 
need to be determined.

Key Words: Translocation, Campylobacter, Salmonella, broiler chicks, 
internal organs

M32 Impact of drinking water temperature during brooding stage 
on body weights of broiler chicks Christopher Eagleson*UG, Susan 
Watkins, Tyler Clark, Malea Frank, Antonio Beitia University of Arkansas, 
Fayetteville, AR
The objective of this trial was to determine if the temperature of drinking 
water during the first 4 days of life impacts performance. Two hundred 
twenty-five day-old male broilers from the Cobb 500 female line were 
randomly allocated to 9 pens (25 chicks/pen/22 square feet) and grown 
to 42 days. The three water treatments provided were: 1)- water tempera-
ture of 40˚F (4.44˚C); 2)- water temperature of 70˚F (21.11˚C); 3)- water 
temperature of 100˚F (37.78˚C). Water temperature was monitored ev-
ery hour and adjusted as necessary during the 72 hour treatment period 
to ensure that the temperature remained near the target. Each pen was 
provided feed and water ad libitum throughout the grow-out period and 
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birds received a diet series based on the Cobb nutritional standards. All 
birds received a coccidiosis vaccine on day one. All other aspects of the 
grow-out were done according to industry standards. Birds were weighed 
on days 0, 7, 14, 31, and 42 and feed consumption data was also collected 
for this period. Data was analyzed using the one-way ANOVA procedure 
in SAS. Treatment 3 chicks were significantly lighter (P≤.03) than the 
other treatments at day 14 (501, 501,463 grams respectively). While no 
significant differences were seen with feed conversion or average weights 
for days 7, 31 and 42, Treatment 3 birds had numerically lower weights. 
These results suggest that the temperature of drinking water during 
brooding stage may impact live weights and warrants further research. 

Key Words: Broiler, Drinking Water, Water Temperature

M33 Turkey poult hatchability and livability: The effect of in ovo 
probiotics Robert Van Wyhe*SC, Darrin Karcher Michigan State University, 
East Lansing, MI
Measures are taken to ensure that bacteria do not enter the egg and kill the 
embryo during incubation. Probiotic bacteria, however, have demonstrat-
ed numerous benefits, and inclusion in the egg could provide advantages 
to the poult post hatch. The study’s primary objective was to determine 
the effect of in ovo probiotics on poult hatchability and livability. Sec-
ondly, to determine if a probiotic injection could mitigate the effects of 
delayed access to feed. Three groups of 330 commercial turkey eggs were 
weighed, assigned to treatments, and incubated under standard conditions 
for 24d. The initial placement of each group of eggs in the incubator was 
offset by 24h. At E24 for each group, eggs were removed from the incu-
bator and assigned to 1 of 3 treatments: non-injected control (Con), pro-
biotic injection (Pro) or saline injection (Sal). Eggs in the Pro treatment 
were inoculated with 1 ml of a probiotic that included Lactobacillus spp., 
Enterococcus spp., Bifidobacteria spp., and Pedicoccus spp. bacteria at 
a combined concentration of 106 cfu/ml. At E28 for each group, hatch 
counts were recorded. At DOH of the third group, when groups 1 and 
2 were 24 and 48h off feed, 2 birds per treatment were euthanized and 
intestinal contents collected. The remainder of the birds from all groups 
were placed on a starter diet for 1 week. At d3 and d7 on feed, intestinal 
samples and fecal contents were collected from each pen to determine 
nutrient digestibility. The hatchability and yolk-free hatch weights were 
not affected by injection, but residual yolk weight was reduced by 3g per 
24h delayed access to feed. The Pro had a 10-fold increase in bacterial 
load in the cecal contents compared to Con and Sal groups. The BW of 
the 24 and 48h Sal group was larger at d3, but this difference was lost by 
d7. The digestibility of calcium and phosphorus was not affected by feed 
delay or treatment. In conclusion, in ovo probiotics can be safely injected 
into eggs and increase bacterial load in the intestine, without effecting 
turkey poult hatchability or livability, however, it did not offset the de-
layed access to feed. 

Key Words: Turkey, Egg, Injection, Probiotics, Hatch

M34 Evaluation of formic acid and propionic acid feed additives 
on environmental and cecal Salmonella Typhimurium in broilers. 
Kim Wilson*SC1, Casey Ritz2, Brian Kiepper2, Dianna Bourassa3, Nelson 
Cox3, Jeff Buhr3 1University of Georgia; Poultry Microbiological Safety 
Research Unit, USDA-RRC, Athens, GA; 2University of Georgia, Athens, 
GA; 3Poultry Microbiological Safety Research Unit, USDA-RRC, Athens, 
GA
Three trials were performed to evaluate the effectiveness of formic acid 
and propionic acid on environmental and cecal recovery of Salmonella. 
Trial 1: Chicks (33/pen) were placed in one of 3 treatments with 8 reps, 
Trt A: 1 kg/ton formic acid, Trt B: 5 kg/ton formic acid, and Trt C: no for-
mic acid. At 1 d, 3 seeders were challenged with 104 cfu/mL of nalidixic 
acid-resistant Salmonella via gavage and were placed in a low challenge 
room (4/12 pens) or a high challenge room (8/12 pens). Seeders were 
taken out at 3 wk to confirm colonization and penmate ceca were col-

lected at 3 and 6 wk. Litter was sampled weekly using stepped-on-drag 
swabs. There were no treatment differences most likely due to high ex-
posure of Salmonella from seeders in the challenge pens for 3 wk and the 
low exposure in all adjacent pens without seeders. Trial 2: Chicks (40/
pen) were placed into one of 4 treatments with 3 reps, Trt A: formic acid 
in feed, Trt B: formic acid in water, Trt C: formic acid in feed and water, 
Trt D: no formic acid. At 1 d 2 seeders/pen were challenged with 107 cfu/
mL of Salmonella. Litter was sampled weekly. At 1 wk, seeder ceca were 
collected to confirm colonization and penmate ceca at 3 and 6 wk. By 6 
wk all pens had detectable Salmonella in litter. At 6 wk, Trt C had the 
lowest cecal recovery at 35%, Trt A 42.5%, Trt B 50% and 60% in Trt D. 
Trial 3: Chicks (27/pen) were placed in one of 7 treatments with 3 reps; 
Trt A: propionic acid 5 kg/ton wk 0-6, Trt B: propionic acid 5 kg/ton wk 
5-6, Trt C: propionic acid 10 kg/ton wk 0-6, Trt D: propionic acid 10 kg/
ton wk 5-6, Trt E: formic acid 4 kg/ton wk 5-6, Trt F: formic acid 6 kg/ton 
wk 5-6 and Trt G: no acids added. At 1 d, 2 seeders/pen were challenged 
with 107 cfu/mL of Salmonella. Seeder ceca were collected at 1 wk and 
penmate ceca at 6wk. Litter was sampled at wk 3, 5, and 6. By 6 wk, Trt 
A had no Salmonella-positive ceca or litter in all pens. Trt D, E, and F (fed 
wk 5-6 as a cleanout supplement) had at least 1 Salmonella-positive ceca. 
Only Trt G had Salmonella-positive breast skin (20%) following scalding 
and defeathering. Given the results from trial 1 and changing techniques 
for trial 2 and 3, when exposed to Salmonella seeders for 1 wk, broilers 
given formic acid in feed and water had the lowest recovery and those 
given 5 kg/ton 0-6 wk of propionic acid did not have detectable levels 
of Salmonella in ceca, litter, or breast skin by 6 wk. 

Key Words: Salmonella, formic acid, propionic acid, prebiotic, broiler

M35 The Environmental Impact of Broiler Production as Influenced 
by Virginiamycin and a Feed Enzyme Cody Brown*UG1, Melissa 
Landrum1, Gene Pesti1, J. Ruiz2, Hector Cervantes2, Ken Bafundo2 
1University of Georgia, Athens, GA; 2Phibro Animal Health Corp., Teaneck, 
NJ
The objective of this study was to compare responses of 22 ppm Virgin-
iamycin and 0.05% Rovabio, an enzyme “cocktail” of several activities 
purported to improve the digestibility of typical complex diets fed in the 
United States. The treatments included a negative control, Virginiamy-
cin at 20 ppm, the enzyme or a combination of the two to a basal diet 
with reduced energy content (- 110 Kcals/kg) in order to determine if the 
responses to these additives were equivalent when used individually or 
additive, synergistic or antagonist when used in combination. Diets rec-
ommended by the enzyme manufacturer’s local representative were used 
in order to ensure a good response to the enzyme. The diets were low in 
energy (- 110 Kcal/kg) and contained wheat, distiller’s dried grains with 
solubles (DDGS) and poultry by-product meal. Male and female birds 
were housed together in the same pens, but the birds were identified by 
sex at slaughter and the processing data were separated by sex. Despite 
the low energy diets, the birds’ body weights were above breeder man-
agement guide expectations, at 35 days the control birds were 2.253 kg 
compared to breeder expectations of 2.005 kg and the Virginiamycin fed 
birds at 2.336 kg (p<0.047). Feed conversions were 1.607 for controls 
versus 1.582 for the Virginiamycin-fed birds (p<0.039) and 1.55 breeder 
guide expectations. The enzyme was without significant effects indicat-
ing that they were not capable of producing a response equivalent to the 
Virginiamycin treatment in this experiment. 

An Excel workbook was constructed to calculate the corn and soybean 
meal savings from feeding Virginiamycin to broiler chickens. The con-
servative assumption was made that antibiotic feed additives like Virgin-
iamycin are capable of improving body weights by 1%, feed conversion 
by 2% and carcass yields by 0.5%. Then yearly savings per complex pro-
cessing 1,200,000 birds /week are 410 hectares of corn and 724 hectares 
of soybeans with harvests typical of the USA. Yearly savings for the na-
tional flock are of the magnitude of 55,000 hectares of corn and 98,000 
hectares of soybean meal.
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M36 Effects of limestone particle size in pullet diets on hen 
performance, bone mineral density and keel bone deformities in 
aviaries or conventional cages Pamela Eusebio-Balcazar*SC1, Mary Beck2, 
Sheila Purdum1 1University of Nebraska, Lincoln, NE; 2Mississippi State 
University, Starkville, MS
This study evaluated the carry-over effects of limestone particle sizes fed 
to Lohmann Brown (B) and Bovan White (W) pullets housed in aviary 
units (A) or cages (C) located in the same environmentally controlled 
room. A total of 432 1-d old pullets were placed into 8 litter floor pens and 
256 1-d old pullets were allocated in 21 brooder battery cages. All floor 
raised pullets were moved to 8 aviary units (1.7 ft2/bird) at 6 wk. C birds 
were randomly allocated to 48 layer cages (0.5 ft2/bird) at 10 wk. Pullets 
were given diets containing either fine (F) or a blend of fine and coarse 
particle size (FC) limestone (Unical S=0.431 mm vs. FreFlo=0.879 mm; 
ILC Resources, Des Moines, IA) from 7 to 17 wk of age. Data were 
analyzed as a split plot factorial design considering strains as subplots (4 
replicates for each treatment combination). Half of the birds were indi-
vidually weighed monthly. Hen day egg production was calculated on a 
monthly basis. Eggshell breaking strength and percentage were record-
ed monthly and every 5 wk, respectively. In vivo bone mineral density 
(BMD) was measured at 36 and 52 wk. At 32 and 54 wk, incidence of 
keel bone deformities and fractures were recorded. FC increased eggshell 
percentage at 41 wk (P=0.059) and reduced keel bone fracture incidence 
for W hens (0.32 vs. 0.15; P=0.003) and reduced keel bone depression 
incidence (0.64 vs. 0.45; P=0.01) at 54 wk; however, it did not influ-
ence (P>0.05) hen BW, BMD, or egg production. B hens had higher BW 
(P<0.0001) and produced fewer eggs (77 vs. 82 %; P=0.001) with higher 
weights (P<0.0001), lower eggshell percentage (P<0.0001) and breaking 
strength (P=0.02) than W hens. At 52 wk, B hens had lower BMD com-
pared to W hens in aviary system only (P=0.043). Also, B hens had lower 
keel bone fracture incidence than W hens when fed F diet only (0.32 vs. 
0.17; P=0.003). “A” hens had higher BW (P=0.02) and produced fewer 
eggs (P=0.003) at some time points. “A” eggs were heavier (P=0.001) 
with stronger (P=0.001) and greater (P<0.0001) eggshell percentage at 
some time points. AW hens had higher BMD than CW hens (P=0.043) at 
36 and 52 wk. “A” hens from both strains had higher keel bone fracture 
incidence compared to CB hens (P=0.03). “A” hens had higher keel bone 
depression incidence than C hens (0.46 vs. 0.28; P=0.009). Thus, the use 
of FC diet in pullet diets influenced eggshell percentage at some degree 
and keel bone integrity during the layer phase. 

Key Words: Aviary, hen, keel bone, limestone

M37 The effects of corn particle size and time-limited feeding 
on broiler live performance during hot weather rearing Satid 
Auttawong*SC1, Shlomo Yahav2, John Brake1 1North Carolina State 
University, Raleigh, NC; 2Institute of Animal Science, Bet Dagan, Israel
A floor pen experiment evaluated the effect of corn particle size in the 
presence of either time-limited or ad libitum feeding and used wood 
shavings litter on broiler live performance from 1 to 48 d of age. The 
1,440 Ross 344 x 708 male chicks were assigned to a factorial arrange-
ment of treatments consisting of 2 dietary inclusions of coarse corn (CC) 
in the presence of 2 feeding programs (ad libitum or time-limited). Each 
of the 4 treatment combinations was replicated with 24 pens of 15 birds 
each. Fine corn (FC) was ground with a hammermill to 262 microns (2.4 
mm screen) while CC was ground with a roller mill to 1082 microns. 
The FC and CC were blended to create the CC inclusion levels of 20, 35, 
50% in starter, grower, and finisher diets, respectively. Feed intake and 
BW were determined at 14, 28, 35, and 48 d of age and adjusted feed 
conversion ratio (AdjFCR) was calculated by including BW of mortality.

The CC broilers consumed less feed but there was no effect on BW, mor-
tality, or cloacal temperature at 49 d. Thus, CC significantly improved 

AdjFCR. Broilers consuming the 20-35-50% CC diet series exhibited 
decreased relative proventriculus weight but increased relative gizzard 
weight. Feed intake and BW were increased by ad libitum feeding. How-
ever, time-limited feeding improved AdjFCR while it decreased mortality 
to 49 d probably due to decreased cloacal temperature. 

The study demonstrated that CC and time-limited feeding significantly 
improved AdjFCR. The mechanism responsible for decreased mortality 
of broilers grown in hot weather may be a lower body temperature.

Key Words: broiler live performance, corn particle size, ad libitum feed-
ing, time-limited feeding

M38 Effect of adding phytase to low phytate and normal phytate 
SBM diets on male broiler live performance, phosphorus digestibility, 
bone ash, and bone strength Basheer Nusairat*SC, Charles Stark, John 
Brake North Carolina State University, Raleigh, NC
This study evaluated the effects of phytase in diets containing Normal 
Phytate (NP) versus Low Phytate (LP) soybean meal (SBM) on broil-
er live performance, phosphorus (P) digestibility, bone ash, and bone 
strength of broilers grown to 35 d of age. A total of 512 Ross 708 male 
broiler chicks were assigned to 32 pens in 4 blocks with 16 birds per pen. 
Common corn-SBM diets either with or without phytase were fed to 16 
pens per diet to 9 d of age. From 10 to 35 d, a 2 x 2 factorial arrangement 
of SBM type (LP and NP) and phytase addition (with and without) with 
8 pens per diet was used. Birds and feed were weighed at 9, 22, and 35 
d of age and 3 birds per pen were necropsied at 35 d to determine ileal P 
digestibility. Tibia bones were excised for bone strength and percentage 
ash. Data from 10 to 35 d were analyzed as a randomized complete block 
design. From 23to 35 d, feed intake decreased when phytase was added to 
the LP (2,131 versus 1,996 g) but not NP diet. BW at 35 d was decreased 
by phytase in the LP diet (2,183 versus 2,034 g) but increased when phy-
tase was added to the NP diet (2,249 versus 2,094 g). The AdjFCR was 
improved by phytase addition to the NP diet (1.64 versus 1.78 g:g) but 
was poorer with the LP diet (1.84 versus 1.71 g:g). Phytase improved P 
digestibility in both LP (93.4 versus 86.6%) and NP (88.8 versus 76.3%) 
diets. Phytase decreased bone strength in both LP and NP diets. However, 
percentage bone ash was increased in NP diets (54.8 versus 55.2 %) but 
decreased in LP diets (55.8 versus 51.4 %). Results demonstrated that 
phytase improved live performance and P digestibility of broilers fed di-
ets formulated with NP SBM. Adding phytase to LP SBM diets resulted 
in poorer live performance, bone breaking strength, and percentage bone 
ash, which could be explained by a dietary imbalance associated with 
increased P digestibility.

Key Words: broilers, normal phytate SBM, low phytate SBM, phytase, P 
digestibility

M39 Evaluation of enzyme production, biofilm synthesis, viscosity, 
and germination/sporulation rate of a Bacillus spp. based commercial 
DFM product in different poultry diets using an in vitro digestive 
model Juan Latorre*SC1, Ross Wolfenden2, Jose Vicente2, Anita Menconi1, 
Amanda Wolfenden1, Lisa Bielke1, Olivia Faulkner1, Billy Hargis1, 
Guillermo Tellez1 1University of Arkansas, Fayetteville, AR; 2Pacific Vet 
Group-USA, Fayetteville, AR
Thirty-three Bacillus isolates were screened for cellulase, protease, li-
pase, xylanase, phytase and biofilm synthesis, with 9/33 identified as 
superior candidates for production of all enzymes. Biofilm production 
by the 33 isolates, using a previously-described generation of adherent 
crystal violet-stained biofilm to polypropylene tubes (24h; 37 C; Casein-
Mannitol broth 0-2 scale), indicated an average score of 1.1 (0 or equi-
vacal: 8/33; +1: 15/33; and +2; 10/33). Three out of these 33 strains are 
present in a commercial DFM, Sporulin®, and these 3, in combination as 
the commercial product, were also tested in a viscosity assay at a con-
centration of 109 total spores/g in 5 soybean-based diets containing corn, 
wheat, rye, barley, or oat (1: 3.2, w/v H2O). Significant DFM-associated 
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reductions in supernatant viscosity (P< 0.05) were measured for all non-
corn based diets (195 m; 40 C), suggesting the production of xylanase 
and β-glucanase by the commercial DFM. In an in vitro germination as-
say that simulated movement through the GIT, 90% of commercial DFM 
spores germinated during the first 30 min, regardless of diet composition, 
in the crop simulation compartment of this model. Vegetative cell num-
bers were maintained during a subsequent proventriculus compartment 
(pH ~1.7; 2.4kIU/mL pepsin; 45 m at 40 C), but spores decreased ~2 
log10, suggesting that germination occurred in both compartments of the 
model. Spore numbers increased in the intestinal assay compartment (pH 
~6.5; 4.3 mg/mL pacreatin; 2h 40 C) by ~2 log10, indicating full-life cycle 
development. Further studies to quantify the concentration of internation-
al enzyme units by selected candidates and further in vivo performance 
evaluation are planned.

Key Words: Bacillus, DFM, enzymes, viscosity, biofilm

M40 Incubation temperature profiles affect broiler feathering 
Jenna Scott*UG, Manuel J. Da Costa, Edgar O. Oviedo-Rondón Prestage 
Department of Poultry Science, North Carolina State University, Raleigh, 
NC
Feathers affect thermoregulation and protect skin from litter contact and 
scratches from other broilers. Previous results have indicated that breeder 
feed restriction programs and incubation may affect integumentary tis-
sue development in broiler progeny. In one experiment, the number of 
feather follicles (FF) was counted to determine possible carryover effects 
of breeder feed restriction programs and incubation temperatures (T) on 
feather density of progeny at 22 d of age. Cobb 500 fast feathering breed-
ers were subjected to 2 dietary feed restriction programs during rearing: 
skip a day (SAD) and every day feeding (EDF). Eggs from each group 
were collected at 60 wk and randomly divided and incubated according 
to 2 incubation temperature profiles: standard (S) eggshell T (38.1°C) and 
early-low late-high (LH). This second profile had low (36.9°C) eggshell 
T during the first 3 d and standard T until the last 3 d when eggs endured 
elevated (38.9°C) eggshell T. Seventy two chicks per treatment were ran-
domly selected, placed in 48 Petersime cages (6/cage) and raised to 22 
d. BW were recorded and 2 chickens per cage were sampled for skin in 
breast, dorsum and thigh areas. Samples were fixed in formalin and FF 
were counted in 4.5 cm2. Data were analyzed using mixed models in a 
RCBD with a 2x2 factorial arrangement of treatments with breeder feed 
restriction and T profile as main factors and 12 cages/treatment.The bat-
tery cage was used as a random block. Results indicated an interaction 
effect (P<0.01) on FF numbers in the dorsum area. Progeny from breed-
ers under SAD had more FF when incubated under LH conditions. No 
effect of incubation was observed on progeny of EDF. The LH incubation 
also increased (P<0.01) FF in the thigh independently of breeder treat-
ment. In the breast area, chickens incubated under S conditions had more 
FF(P<0.001) than those from LH treatment independently of breeder 
treatment. These findings may be applied to minimize carcass scratches 
and improve broiler welfare. It was concluded that incubation T affect 
feathering development, and this effect may be stronger in progeny from 
breeders feed restricted under SAD programs.

Key Words: feathering development, broilers, incubation, breeder, feed 
restriction

M41 Next-gen sequencing approach to poultry litter microbial 
content through grow-out Jack Davitt*SC, Shawn Hawkins University of 
Tennessee, Knoxville, TN
The purpose of this study is to determine the changes in the microbial 
content in poultry litter through the growth period with next-gen sequenc-
ing approach. Litter samples were collected from between the brood 
end curtain side of 2 industry size poultry houses through the grow-out. 
Samples were collected three times total; the day after chicks settled, the 
day after the curtain raised and the day before they left the house. Each 

house was divided into 12 equal size quadrants, individual collection 
from each quadrant is measured for moisture content and a combined 
sample from each house was also generated. All samples were stored in 
cooler during transportation and the combined samples were stored in 
-80C till DNA extraction. DNA was extracted from each sample in trip-
licate and they were sequenced via Mi-Seq Illumina sequencer. Analysis 
finding found that moisture level of litter within the house doubles, while 
microbial content within the litter shifts from Actinobacteria- dominate 
to Firmicutes-dominate. 

Key Words: Next-gen sequencing’, microbial community’, grow-out, 
poultry litter, environment

M42 Productivity, and Egg Quality from Organic Free-range 
Chickens used in an Integrated Pest Management System with 
Organic Dairy in the Forage Paddocks Ramon D. Malheiros*, Kenneth 
E. Anderson North Carolina State University, Raleigh, NC
A significant sector of animal production agriculture is moving to organic 
production systems which do not allow the use of any artificial products 
such as fertilizers, insecticides or herbicides. The dairy and egg industries 
have entered a phase of transition returning to husbandry systems which 
are more reminiscent of the first half of the 20th century. This is being fu-
eled by the desire of some consumers to have their dairy products, poul-
try meat, and eggs produced from animals which are fed organic feed 
made from ingredients free of artificial residues and animal by-products. 
Since organic cattle are raised on pastures and under pasture conditions 
the horn fly, Haematobia irritans, is the primary pest of beef and dairy 
cattle. Since this fly is generally a seasonal pest from April to November 
depending on region it is important to develop natural pest management 
systems utilizing organic methods. When horn flies are abundant cattle 
suffer from blood loss, altered grazing habits, and decreases in milk pro-
duction, weight gains, and feeding efficiency, adversely affecting animal 
health and reducing farm profitability. Losses as a result of horn fly blood 
feeding can cause a 15% decrease in milk production or weight loss. An 
organic integrated pest management system for the dairy herd using the 
laying hen as the insect control mitigating horn fly reproduction in forage 
paddocks would thereby, enhance the overall economic returns of both 
farm operations utilizing the laying hen as an alternative insect control 
method thereby minimizing the need for conventional insect controls. 
The scope of the proposed research project will assess the impact of poul-
try flocks on insect production and the impact of pre-harvest foraging on 
desirable traits in the post-harvest eggs produced and value. This study 
consisted of 128 Hy-Line Brown hens that were divided into 4 pens/
paddocks containing 28 hens. All of the paddocks were rotated every 4 
days for a paddock area equivalency of 86 sq ft/hen. Two paddocks were 
seeded 2 days prior with 5 cow pies which provided time for horn fly 
maggots and dung beetle populations to grow. On the second day post de-
position the paddocks and hens were moved to provide access. The other 
2 paddocks were rotated with forage alone. Hen House egg production 
was higher (P<0.05) by 4.85% in the hens following the dairy cows. Feed 
conversion was not improved with access to the cow pies. Interestingly 
the % B grade eggs increased (P<0.01) in hens provided access to the 
cow pies with no significant differences in the other grade eggs. 

Key Words: Free Range chickens, Horn Fly, Hy-Line, Organic chickens

M43 Carbon Footprint Estimation Tool for Poultry Production 
Farms Claudia Dunkley*1, Casey Ritz2, Brian Fairchild2, John Worley2, 
Brian Kiepper2 1University of Georgia, Tifton, GA; 2University of Georgia, 
Athens, GA
A carbon footprint estimation tool was designed specifically for poul-
try production farms. The tool was then used to estimate the greenhouse 
(GHG) emissions from poultry houses located in three different regions 
in Georgia. 
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The tool was designed using International Panel on Climate Change 
(IPCC) emission factors and equations and estimates GHG emissions that 
occur within the boundaries of the poultry farm that are under the control 
of the poultry producer. The carbon footprint estimation tool converts 
farm inputs into carbon footprint equivalents (CO2e). These farm inputs 
include energy bills such as kilowatt hours of electricity used, gallons of 
liquid petroleum gas (LPG), and gallons of diesel fuel used. These emis-
sions are classified as “mechanical sources.” Other inputs include number 
of houses on the farm, number of birds raised each year and the number 
of days they are alive and number of flocks raised each year. These inputs 
are used to estimate emissions from manure storage and handling and are 
classified as “non-mechanical sources.” The tool does not calculate emis-
sions from enteric fermentation due to the lack of emission factors for 
poultry. A GHG inventory is generated when the calculations are com-
pleted, giving the user a summary of the total emissions and where the 
emissions are coming from. 

Although we observed differences in the carbon footprint from the poul-
try companies in the three different regions in the state, these differences 
were not significant statistically. The majority of the emissions from all 
three complexes were from LPG use (typically used for heating and in-
cineration). Liquid petroleum gas was responsible for 83.4% of the total 
emissions from company A, while LPG represented 82.7% of the total 
emissions from company B and 80.9% from company C. Company C 
had the highest total emissions per house (523.9 T CO2e), while com-
pany A having the lowest levels (383.3 T CO2e) and company B (405.5 T 
CO2e) was in the middle. 

The user can utilize the tool to see projected emissions based on suggest-
ed changes or improvements to his/her operations. This could include; 
use of energy efficient light bulbs, installation of circulating fans, sealing/
tightening or adding insulation to the houses, installing insulated tunnel 
inlet doors, etc. Such changes would have an impact on GHG emissions 
by reducing the overall carbon footprint of the farm. 

Key Words: Carbon footprint, poultry, greenhouse gas, broiler

M45 Update: National Poultry Improvement Plan Denise Brinson* 
USDA-APHIS-VS-National Poultry Improvement Plan, Conyers, GA
The National Poultry Improvement Plan (NPIP) is a voluntary disease 
control program for the poultry industry in the United States. The Plan 
was established in response to a need to control diseases whose exis-
tence was incompatible with the development of a modern poultry in-
dustry. The objective of the NPIP is to provide a cooperative industry-
state-federal program through which new diagnostic technology can be 
effectively applied to the improvement of poultry and poultry products 
throughout the country. Several changes and have taken place in the past 
year in relation to the Plan including changes in staff for the NPIP, past 
and upcoming workshops and meetings, Veterinary Services reorganiza-
tion, status of white book, request for proposed changes, General Confer-
ence Committee call for nominations, and other topics of interest.

Key Words: NPIP, Poultry, USDA

Processing & Products

M46 Salmonella levels in turkey neck skin, bone marrow and spleens 
Yue Cui*SC1, Mark Harrison2, Charles Hofacre3 1University of Georgia-
Center for Food Safety, Griffin, GA; 2University of Georgia-Department 
of Food Science and Technology, ATHENS, GA; 3University of Georgia-
Poultry Diagnostic Research Center, Athens, GA
Statement of the purpose of the experiment: Salmonella spp. have 
been associated with foodborne disease and outbreaks related to turkey 
and turkey products in the U.S. Salmonella has been detected in ground 
turkey at 11% although the prevalence on turkey carcasses was 2.2% in 
2012. A possible route for Salmonella contamination of ground turkey 
is through neck skin and internalization in different organs such as bone 
marrow. Additionally, Salmonella presence/levels in the spleen at harvest 
might be an indicator for Salmonella contamination in ground turkey. 
The objective of this study was to determine Salmonella levels (preva-
lence and enumeration) in turkey drumstick bone marrow, spleen, and 
neck skin samples

Description of the Experimental Design: In cooperation with a turkey 
production company, 15 drumsticks, spleens, and neck skins were col-
lected per flock (with 3 parts per carcass) after evisceration and USDA 
inspection. All samples were tested for the presence and levels of Salmo-
nella. Neck skins were weighed, stomached and then tested for Salmo-
nella. Bones were cut from drumsticks, sterilized from outside, crushed 
aseptically to release the bone marrow, and tested for Salmonella. Outer 
surfaces of spleens were sterilized and then tested for Salmonella. Salmo-
nella prevalence and levels were determined according to USDA-FSIS 
selective enrichment and most probable number (MPN) methods. 

Result: Ninety samples of each turkey part (drumstick, neck skin and 
spleen) were collected and tested. Salmonella prevalence in neck skin, 
spleen, and bone was 51.1%, 5.6%, and 7.8%, respectively; whereas the 
mean (log10MPN/sample) were 2.57 (95% CI: 2.18-2.97), 1.58 (95% CI: 
0.51-2.65), and 1.58 (95% CI: 1.40-1.77), respectively. Furthermore, 

when Salmonella was present in inner organs (bone and spleen), the neck 
skin sample from the same bird was also found to be Salmonella positive.

Conclusion: Our findings indicated that Salmonella was present in inter-
nal organs of turkeys, which may pose risk toward ground turkey produc-
tion; however, the counts were low compare to that on neck skins (i.e., 
external contamination).Identifying potential sources and predictors for 
Salmonella status in ground turkey is expected to be a key for the industry 
in control and prevention of ground product contamination. The data can 
be used by the turkey industry to develop methods to reduce the risk of 
contamination and prevent costly recalls and potential foodborne illness 
outbreaks.

Key Words: Salmonella, Turkey, Bone marrow, Spleen, Neck skin

M47 Salmonella in Broiler Carcass Bone Marrow and Neck Skin: 
Potential Sources for Ground Chicken Contamination? Diezhang 
Wu*SC1, Walid Alali1, Mark Harrison2, Charles Hofacre2 1University of 
Georgia, Griffin, GA; 2University of Georgia, Athens, GA
Purpose: According to 2011 USDA-FSIS data, the prevalence of Salmo-
nella in ground chicken was 30.9%, which is approximately four times 
higher than the prevalence on post-chill broiler carcasses (6.5%). Parts of 
the broiler neck skin with breast meat and drumsticks are used in ground 
chicken production. The prevalence of Salmonella spp. used in drum 
stick bones and neck skin of broiler carcasses in ground chicken is un-
known. If present, this could be a potential source of contamination. The 
objective of this study was to assess the prevalence and serotype distribu-
tion of Salmonella spp. in broiler drumstick bone marrow and neck skin 
collected from a poultry processing plant in Georgia.

Methods: One week prior to slaughter, broiler flocks were tested for the 
presence of Salmonella using the bootsock sampling method. Positive 
flocks were followed through processing where drumsticks and neck 
skin samples were collected. Neck skins were rinsed and stomached and 
then tested for Salmonella by selective enrichment following USDA-
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FSIS methods. Bones were extracted from drumsticks, sterilized from 
outside, crushed aseptically to release the bone marrow, and tested for 
Salmonella. Presumptive Salmonella isolates were sent to UGA-PDRC 
(Athens, GA) for serogrouping and then selected for serotyping at the 
NVSL (Ames, IW). 

Results: Three hundred bones and 299 neck skin samples were tested 
for presence of Salmonella. Overall, 21.4% of neck skin samples were 
Salmonella positive. Significant difference (P<0.05) was observed in Sal-
monella prevalence between rinsed skin samples (2.3%) and stomached 
skin samples (20.7%). Two bone marrow samples (0.8%) were Salmo-
nella-positive. Four serogroups were identified from neck skin isolates 
(n=60); B, C2, D, and E at 26.7%, 30%, 2.3%, and 40%, respectively. 
Furthermore, five serotypes among 29 isolates were identified as Agona 
(3.4%), Typhimurium (27.6%), Kentucky (27.6%), Enteritidis (3.4%), 
and Liverpool (37.9%). The two bone marrow isolates were S. Kentucky 
(serogroup C2). 

Conclusion: Salmonella entrapped in neck skin may pose high risk for 
ground chicken contamination. Since S. Kentucky is not a major cause of 
human illness in the U.S., its presence in bone marrow at very low preva-
lence may not be of a great significance to public health. The outcomes of 
this study will be helpful to identify intervention opportunities to reduce 
Salmonella prevalence in ground chicken products.

Key Words: ground chicken, Salmonella, Internalization, Bone marrow, 
Neck skin

M48 Antimicrobial activity of carvacrol against Salmonella on turkey 
breast cutlets packaged under modified atmosphere Divek V. T. Nair*SC, 
Chander Shekhar Sharma Mississippi State University, Mississippi State, 
MS
The objective of this study was to determine the combined efficacy of 
carvacrol and modified atmosphere packaging (MAP) in reducing Sal-
monella on turkey breast cutlets stored at 4˚C. Turkey breast cutlets 
were inoculated with a three strain cocktail of Salmonella (S. Enteriti-
dis ATCC 4931, S. Heidelberg ATCC 8326 and S. Typhimurium ATCC 
14028), dipped in 0.5, 1 and 2% carvacrol for 30 s, drained, packaged 
under modified atmosphere (>95% CO2) and stored up to 7 d at 4˚C. 
Positive (inoculated, not treated with carvacrol and stored under aerobic 
and modified atmosphere) and negative (non-inoculated and stored un-
der aerobic and modified atmosphere) controls were also included in the 
study. Samples were analyzed on d1, 3, and 7 of storage. There was no 
difference (P>0.05) in the growth of Salmonella on turkey breast cutlets 
stored under aerobic and high CO2 packaging throughout 7 d storage 
period, which indicates that CO2 alone has no inhibitory effect on the 
growth of Salmonella on turkey breast cutlets. However, the combined 
application of carvacrol and high CO2 caused significant reduction (P < 
0.05) of Salmonella on all sampling days for all treatments. On d1, all 
the carvacrol treatments resulted in more than 1.5 log cfu/g reduction of 
Salmonella (P < 0.05) as compared to the positive control with 1.5, 1.7 
and 2.0 log cfu/g reduction following 0.5, 1 and 2% carvacrol treatments, 
respectively. On d 3, carvacrol @ 0.5, 1 and 2% combined with high 
CO2 packaging led to 1.5, 1.8 and 2.1 log cfu/g reductions (P < 0.05), re-
spectively. The combined antimicrobial effect of carvacrol and CO2 was 
maintained till d 7 with 1.6, 1.9 and 2.2 log cfu/g reductions (P < 0.05) 
with 0.5, 1 and 2% treatments, respectively. There was no difference in 
the meat pH among treatments and controls (P > 0.05). In conclusion, 
carvacrol was effective at low concentration (0.5%) combined with high 
CO2 packaging in reducing Salmonella on turkey breast cutlets without 
causing any change in the pH of meat. 

Key Words: Salmonella, turkey meat, carvacrol, modified atmosphere 
packaging, carbon dioxide

M49 The potential for early and rapid pathogen detection within 
poultry processing through hyperspectral microscopy Matthew 
Eady*SC1, Bosoon Park2 1USDA-ARS, The University of Georgia, Athens, 
GA; 2USDA-ARS, Athens, GA
The acquisition of microscopic images containing both spatial and spec-
tral data has shown potential for the early and rapid optical classification 
of foodborne pathogens. A hyperspectral microscope with a metal halide 
light source and acousto-optical tunable filter (AOTF) collects 89 con-
tiguous wavelength measurements every 4nm between 450 and 800nm. 
Results have found both bacterial species and serotypes have a unique 
spectral signature that can be detected with a hyperspectral microscope 
to differentiate between various samples. Image data collected from 
samples incubated at times of 6, 8, 10, 12, 13, 15, and 24 hours were ana-
lyzed for early detection. The rapid methodology presented here focuses 
on a glass slide preparation that takes approximately 10-15 minutes with 
a scanning time of approximately 45 seconds without binning. Samples 
demonstrated high spectral correlation values, above 0.9. Chemometric 
analysis was applied to the data to differentiate the spectral variance. 
Data were collected from each image based on a Region of Interest (ROI) 
consisting of a randomized 30% pixel sample of the average cell size. A 
Savitzky-Golay derivative based global pretreatment algorithm was ap-
plied to all of the ROI spectral data, and followed by a principle compo-
nent analysis (PCA). Model calibration was performed with partial least 
squares regression (PLSR) on data training sets, while soft independent 
class analogy (SIMCA) was implemented to predict sample clustering. 
A minimalist model analysis was developed for practical application of 
this spectral classification method, in order to reduce the amount of data 
processing and storage space required for continuous use in a poultry 
processing facility. Reducing the number of necessary wavelengths from 
89 to fewer than 12 will retain cluster separation.  

Key Words: poultry, Salmonella, hyperspectral, imaging, food safety

M50 Prevalence and quantification of Campylobacter at five 
different steps of a broiler processing plant in Southern Brazil Gustavo 
Perdoncini*UG, Vladimir Pinheiro do Nascimento, yuli Melisa Sierra-
Arguello, Leonardo Isolan Federal University of Rio Grande do Sul, Porto 
Alegre, RS, Brazil
Campylobacter, especially Campylobacter jejuni, is an important patho-
gen that is nowadays widespread in the poultry industry around the 
world and is transferred by live chickens into broiler slaughter plants. 
The worldwide prevalence of thermophilic Campylobacter in retailed 
carcasses is high and a great deal of work must be done to reduce con-
tamination. In Brazil, research has been done to detect and investigate the 
current epidemiological situation on broiler houses and carcasses. Con-
sidering the importance of these bacteria for public health and industry, 
the aim of this work was to identify possible intervention measures in 
Southern Brazilian processing plants through the investigation on five 
operational steps, evaluating twelve broiler carcasses from each step. 
All samples were examined for Campylobacter by using Bolton Broth, 
followed spread onto the surface mCCDA, both under microaerophilia. 
Samples suspected of containing Campylobacter spp. were confirmed 
by the use of polymerase chain reaction (PCR). The samples were col-
lected during the rehanging step(caeca swab), after defeathering, after 
evisceration, before chilling and after the freezing process. The presence 
and overall mean number of Campylobacter detected on sample were: 
caeca(67% positive - 0.2MPN/mL); after defeathering(67% positive - 
0.49MPN/mL); after evisceration(83% positive - 0.95MPNNMP/mL); 
before chilling(50% positive - 0.71MPNNMP/mL) and after the freez-
ing process(67% positive - 0.75MPN/mL). The prevalence of Campylo-
bacter was of 67% on chilled carcasses and caeca, even though the num-
ber of cells was higher on chilled carcasses(varied from none detected to 
1.7MPN/mL). The data collected indicate that, there has been an increase 
in carcass contamination until after the evisceration step. Campylobacter 
numbers, however, showed a decrease before the chilling step, but the 
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prevalence increased again after freezing. These findings indicate a need 
to consider the adoption of some measures for reducing the contamina-
tion, especially after the defeathering and freezing processes. These data 
emphasize the importance of monitoring foodborne pathogens such as 
Campylobacter and the constant need to improve the production chain as 
to reduce carcass contamination.

Key Words: broiler, Campylobacter, Cross-contamination, Processing 
plant, Zoonosis

M51 Relationship between broiler chicken strain, diet, and sex on 
white breast striations. Melissa Landrum*SC1, Scott Russell2, Gene Pesti2 
1University of Georgia, Poultry Science Department, Athens, GA; 2The 
University of Georgia, Athens, GA
Broiler breast meat striation is becoming a meat quality defect world-
wide. A study was conducted to determine the relationship between broil-
er strain, diet, and sex, and the level of observable white striations on the 
breast muscles. A total of 480 modern genetic strain 1 (M1) and modern 
genetic strain 2 (M2) and 160 1990&rsquo;s genetic random bred (RB) 
day-old chicks were separated into 48 pens (30 birds per pen for M1 and 
M2 and 10 per pen for the RB) in an experimental growout house and 
were fed a standard poultry diet with or without oxidized fat and with 
standard or doubled vitamin and trace mineral premix levels. The varia-
tion in striation score (SS; 0=complete absence, 1=slight, 2=moderate, 
3=considerable, 4=severe) could be explained by strain (M1, M2, RB 
= 1.658, 1.219, 0.130, respectively).&nbsp; RB birds had significantly 
less striations than M1 and M2 (p<0.001) and M1 had significantly more 
striations than M2 (p<0.001).&nbsp; There were differences due to sex 
(Males, 1.131, Females, 0.873) that were not apparent if Live Weight 
was included in an analysis of covariance (p<0.008 for Live Weight, 
p<0.486 for gender).&nbsp; There was also a significant strain x fat x 
diet interaction:&nbsp; Doubling antioxidant content of the feed had little 
effect on SS for the RB or M1 broilers; whereas, it decreased SS for 
M2 broilers fed fresh fat by 0.479, but increased SS by 0.480, when the 
fat was oxidized (p<0.007).&nbsp; These data indicate that the genetic 
strain of the birds, independent of Live Weight, influenced white breast 
striations. The overall effects on SS of doubling trace nutrients (0.981 
vs. 1.023) and oxidizing fat (1.076 vs. 0.928) were small but significant. 

Key Words: Breast, Striation, Strain, Diet, Gender

M52 Efficacy and sensory evaluation of current methods and 
alternative technologies of shell egg disinfection Morouj Al-Ajeeli*SC, 
Craig Coufal, Christine Alvarado Texas A&M University, College Station, 
TX
Eggshell disinfection is as important unit operation in egg processing and 
improves safety of shell eggs to consumers. The objectives of this study 
were to 1) compare the efficacy of chlorine, quaternary ammonium com-
pounds (QAC), peracetic acid (PAA), PAA in combination with UV light, 
and hydrogen peroxide (H2O2) in combination with UV light to reduce 
natural APC on eggs and eggshells inoculated with Salmonella Enteriti-
dis, and 2) conduct a sensory test to evaluate consumer acceptance of al-
ternative eggshell disinfection methods when compared to current meth-
ods in the commercial egg industry. A total of 195 eggs were collected 
and divided to 6 treatment groups: 100 ppm chlorine, 200 ppm QAC, 
H2O2 (3.5%) with UV light, PAA (135 ppm) alone or in combination with 
UV light, and control groups (positive and negative). Half of the eggs in 
each treatment were surface inoculated with log 108 cfu/mL Salmonella 
Enteritidis (SE) by sponging. After treatment, eggs were enumerated for 
surface SE at 0, 7 and 14 d of storage (4C). The remaining eggs were 
used for surface APC enumeration and sampled at 0, 7, and 14 d of stor-
age (4C). For consumer acceptance of these alternative methods, a total 
of 120 eggs were collected, stored for 7 d (4C) and used in a scrambled 
egg sensory test Participants evaluated the overall like and dislike for 
flavor and texture using a 9-pt. hedonic scale. Results indicated that the 

combination of H2O2 with UV light treatment had the lowest APC (1.30, 
1.05, and 1.10 log10 cfu/egg) at day 0, 7, and 14, respectively, compare to 
the other treatments. All treatments reduced SE counts below the level 
of detection. No differences in consumer acceptability for flavor were 
found between the treatments; however, chlorine-treated eggs had a more 
acceptable texture rating than other treatments. Therefore, these egg dis-
infections treatments can be used to improve safety and shelf-life of shell 
eggs. However, the H2O2 with UV light was the most effective at both. 

Key Words: Egg sanitization, Shell eggs, UV light, Salmonella, Hydrogen 
peroxide

M53 Assessment of Strategic Poultry Initiatives Using Probabilistic 
Modeling Brian Hawkins*, Ashley Kubatko Battelle Memorial Institute, 
Columbus, OH
Through the combination of intuitive interfaces and mathematically rig-
orous techniques, probabilistic modeling software has the potential to 
provide food industry with power tools for quantifying risk and evaluat-
ing mitigation strategies. Probabilistic Risk-Informed Analysis (PRIA), 
a software tool developed based on Battelle’s experience assessing ter-
rorism risks of foodborne scenarios for the United States Department of 
Homeland Security, will be demonstrated by presenting multiple case 
studies, including validation through historical comparison, projected 
impact of current initiatives, and potential impact of selected operational 
targets.  

Model validation efforts using historical data on salmonella contamina-
tion of New Zealand poultry, both before and after Risk Management Pro-
grams (RMP) mandated by the 1999 Animal Products Act, demonstrate 
decreases in foodborne illnesses comparable to those observed over the 
same period of time. The results of a case study quantifying the projected 
impact of current Australian initiatives, such as the 2012 Primary Produc-
tion and Processing (PPP) Standard for Poultry Meat, demonstrate further 
application of the PRIA software tool. Additional case studies assessing 
the potential impact of farm-based initiatives, process improvements, and 
reduced temperature abuse provide informed operational targets for con-
sideration in cost/benefit analyses and future industry initiatives. 

Key Words: Probabilistic Modeling, Foodborne Illness, Salmonella, Poul-
try, Software Tools

M54 Biocontrol of Salmonella contamination on chicken carcasses 
in poultry processing using bacteriophage preparation Salmonelex™. 
Steven Hagens* Micreos Food Safety BV, Wageningen, Netherlands
Bacteriophages can be used as a natural alternative to eliminate undesir-
able bacteria. Challenge studies were performed to evaluate the effect of 
the broad-spectrum SalmonelexTM phages on artificially contaminated 
chicken parts. Prior studies have shown that the host range of the phages 
in this cocktail is not related to serovar (i.e. all Salmonella serovars can 
be infected by these phages) and testing of hundreds of individual strains 
confirmed usefulness of the selected phages for general use. 

The efficacy of phage treatments was evaluated on fillet (skinless) as well 
as on chicken skin. Samples were artificially contaminated with a Salmo-
nella Enteritidis strain at a level of 104 cfu/cm2 and subsequently treated 
with two phage concentrations (1x107 pfu/cm² and 2x107 pfu/cm²). Con-
tact times of 15 minutes, 2, 4, 8, 24, 48 hours and 6 days were chosen to 
evaluate both the initial effect of the treatment and a time point resembling 
the shelf life for fresh meat products. Samples were stored at 4°C after 
phage treatment and prior to analysis. 

Analysis of the treated chicken parts shows a reduction of +/- 1 log10 after 
15 minutes of contact time, reductions >1 log10 after 2 hours and 1.5-1.7 
log10 reductions after 24 hours. After this period of time no further effect of 
the phages could be measured. 
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The data obtained indicates that the phage preparation SalmonelexTM may 
be an excellent, natural intervention tool to reduce Salmonella-levels on 
chicken carcasses during processing.  

Key Words: Biocontrol, Bacteriophage, Salmonella, Processing

M56 The influence of carnitine and guanidinoacetic acid 
supplementation of low and high amino acid density diets on 
Pectoralis major myopathies in broiler chickens S. F. Bilgili*, K. J. 
Meloche, A. Campasino, W. A. Dozier, III Auburn University, Auburn, AL
The effects of dietary amino acid (AA) density, L-carnitine (C), and 
guanidinoacetic acid (GAA) on growth performance, processing yields, 
as well as P. major (breast fillet) myopathies were assessed in broiler 
chickens. Dietary treatments (8 total) consisted of low (LAA) and high 
(HAA) amino acid density diets supplemented with or without 100 ppm 
C, 700 ppm GAA, or both (C+GAA). One thousand four hundred eight 
male broilers (Ross x Ross 708) were reared in 64 floor pens (22 broil-
ers per pen; 8 pens per treatment) on a four-stage feeding program. In 
addition to growth performance, processing yields were determined on 
7 birds per pen processed at 42 and 56 d of age. The incidences of white 
striping, hardness and necrosis in breast fillets were determined following 
deboning and were categorized subjectively for severity. As expected, the 
growth rate, feed conversion, carcass yield, and breast yield were signifi-
cantly improved (P ≤ 0.05) with HAA as compared to LAA diets. How-
ever, a significant AA density effect was also observed for the occurrence 
of breast fillet striping, hardness, and necrosis at each age (P ≤ 0.001). 
From 42 to 56 d, overall incidence of white striping remained unchanged 
for LAA (80 and 86%; P > 0.05), but increased (90 to 98%; P ≤ 0.05) 
for HAA diets. The proportion of breast fillets with severe white striping 
scores more than doubled with both LAA (11 to 33%) and HAA (17 to 
52%) diets from 42 to 56 d (P ≤ 0.001). Conversely, the overall occurrence 
of breast fillet hardness decreased from 52 to 36% for LAA and from 80 
to 73% for HAA at 42 and 56 d, respectively (P ≤ 0.05). No change in 

the incidence of necrosis was detected from 42 to 56 d for either diet (P > 
0.05). These results indicated that a relationship exists between breast fillet 
myopathies and growth rate in broilers. Supplementation of diets with C, 
GAA or C+GAA did not ameliorate breast fillet myopathies significantly 
in this study.

Key Words: broiler, breast fillet, myopathy, L-carnitine, guanidinoacetic 
acid

M57 Relationship between broiler body weight and white breast 
striations Melissa Landrum*, Scott M. Russell, Gene M. Pesti University 
of Georgia, Poultry Science Department, Athens, GA
Excessive broiler breast meat striation has resulted in consumer rejection 
in various countries around the world. A study was conducted to determine 
the relationship between broiler live weight and the level of observable 
white striations on the breast muscles. A total of 480 modern genetic strain 
1 (M1) and modern genetic strain 2 (M2) and 160 1990’s genetic random 
bred (RB) day-old chicks were separated into 48 pens (30 birds per pen for 
M1 and M2 and 10 per pen for the RB) in an experimental growout house. 
The two modern strains evaluated (M1 and M2) were significantly differ-
ent from RB with regard to their feed conversion ratio (FCR) from 0 to 18 
days of age at 0.91, 0.90, and 0.61 and from 0 to 40 days of age at 1.48, 
1.51, and 1.80 for M1, M2, and RB, respectively. The three strains (M1, 
M2, and RB) were significantly different with regard to their weight gain 
(WG) from 0 to 18 days of age at 0.87, 0.91, and 1.10 kg. The two modern 
strains (M1 and M2) were significantly different from the random bred 
(RB) when comparing weight gained from 0 to 40 days of age at 2.70, 
2.79, 1.72 for M1, M2, and RB, respectively. The striation score means 
(SS; 0=complete absence, 1=slight, 2=moderate, 3=considerable, 4=se-
vere) was significantly different between all three strains (p<0.05). The 
RB birds had significantly lower striation scores, based on live weight, 
when compared to the two modern strains (M1 and M2; p<0.05). 

Key Words: Breast, Striation, FCR, Weight

SCAD II

M58 Avian Mycoplasma Control- Problem Solved Nicole Ferguson-
Noel University of Georgia, Athens, GA
The pathogenic avian Mycoplasma spp. (M.gallisepticum, M.synoviae, 
M.meleagridis and M.iowae) have been negatively affecting commer-
cial poultry production for many years. The poultry industry and scien-
tific community have made great strides in increasing the knowledge of 
the biology of these bacteria (and hence their control) since they were 
first identified, but much is still to be revealed. Avian mycoplasma can 
evolve rapidly and strains can vary widely in virulence. Despite the cur-
rent information and control options available, costly outbreaks of avian 
mycoplasmosis continue to occur throughout the world. The reasons for 
these continuing outbreaks include the presence of persistently infected 
populations (e.g. backyard birds) as well as biosecurity breaks, vaccine 
and treatment “failures”.

Key Words: Mycoplasma

M59 Early detection of Mycoplasma synoviae infection by applying 
novel Fluorescent Antibody Culture Test (FACT) Vijay Durairaj*, 
Victoria Laibinis, Ruth Wooten, Naola Ferguson-Noel The University of 
Georgia, Athens, GA
Mycoplasma synoviae is an infectious pathogen affecting poultry world-
wide. M. synoviae targets the synovial membrane of the joints and causes 
synovitis in chickens. M. synoviae is also associated with clinical or sub-
clinical upper respiratory tract infections. M.synoviae transmission oc-
curs by horizontal or vertical transmissions. With respect to horizontal 
transmission, aerosol exposure is the most common route for disease 

transmission. As a consequence to this aerosol exposure, IgA antibodies 
are produced in the upper respiratory system.The objective of this study 
was to evaluate if these IgA antibodies could be used as a predictor for 
M. synoviae infection in chickens. Three-week-old SPF chickens were 
used in this study. Sixty SPF chickens were reared in ten isolation units (6 
chickens/unit). Fifty percent of the chickens were infected with MS field 
isolate. The other fifty percent of the chickens were uninfected and main-
tained as negative controls. Blood samples, choanal cleft swabs and tra-
cheal swabs (in PBS) were collected in alternate days from 3-11 days post 
infection. Serum separated from the blood samples were usedfor plate 
test, HI and commercial ELISA. The choanal cleft swabs were analyzed 
by real time PCR. Tracheal swabs in PBS were centrifuged and the super-
natant was used for the Fluorescence Antibody Culture Test (FACT). MS 
cultures grown on modified Frey’s agar in a 48- well plate were used for 
this test. The tracheal swabs supernatant were used as primary antibody 
with anti-chicken IgA antibody conjugated with FITC. Positive and nega-
tive results were based on the presence and absence of immunofluores-
cence signals respectively. Positive reactions were observed as early as 3 
days after infection using FACT. Many field samples were also analyzed 
using this method and scoring pattern was established for evaluation of 
field samples.

Key Words: Mycoplasma synoviae, immunofluorescence test, fluorescent 
antibody culture test, IgA antibodies, diagnostic test
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M60 Evaluation of the fomite transmission of two Mycoplasma 
synoviae genotypes Natalie Armour*SC, Naola Ferguson-Noel University 
of Georgia, Athens, GA
Mycoplasma synoviae (MS) is a prevalent and economically significant 
poultry pathogen, causing respiratory tract infections or infectious syno-
vitis. MS was identified as the causative agent of an outbreak of severe 
respiratory disease in broilers and broiler breeders in the state of Arkan-
sas between 2008 and 2009. We previously evaluated two MS genotypes 
(designated S-10 and S-17) from this outbreak, and found that the S-10 
genotype was significantly more pathogenic than the S-17 genotype, and 
that the transmissibility of S-10 MS from infected seeder birds to direct 
contact, adjacent contact, downwind contact and fomite contact birds was 
comparable to that of the pathogenic MS reference strain K1968. The 
objective of the current study was to evaluate and compare the trans-
mission of the S-10 and S-17 genotypes of MS to chickens from vari-
ous directly inoculated materials commonly encountered in the poultry 
house environment, which could serve as fomites facilitating the indirect 
transmission of MS. Feathers, cotton fabric or plastic boot covers inocu-
lated with S-10 or S-17 MS cultures infused with mucin were placed 
in 6 pens containing 15, 65 week old broiler breeder chickens per pen. 
The study design incorporated two sentinel pens, positioned to detect MS 
transmission from infected pens, and a negative control pen. Low-level 
MS transmission (6.7% - 20.0%) from S-17-inoculated fabric and from 
S-10-inoculated feather, fabric and boot cover fomites was detected at 3 
and 5 weeks post challenge by real-time PCR, but not by culture or serol-
ogy. This is the first report of the transmission of MS from infected fomite 
materials. Improved understanding of the transmission characteristics of 
MS genotypes is key to facilitating the design and implementation of 
rational and effective control programs.

Key Words: Mycoplasma synoviae, fomite, transmission, genotype, real-
time PCR

M61 Campylobacter challenge modeling in broiler chicks: hazards 
and difficulties in replicating commercially-applicable infections A.D 
Wolfenden*, O.B. Faulkner, V.A. Kuttappan, A Menconi, J.D. Lattore, 
C. Lester, L.R. Bielke, G. Tellez, B.M. Hargis University of Arkansas, 
Fayetteville, AR
Recent work in our laboratory has focused on vaccines for food-borne 
pathogens, including Campylobacter, requiring a suitable challenge model 
which mimics natural infection. Several investigators have reported that 
standard Campylobacter challenge, sometimes with mixed isolate cul-
tures, at three weeks of age are followed by inconsistent recovery 1 to 
2 weeks later. Presently, we evaluated permutations of this model with a 
single Campylobacter jejuni (CJ) challenge obtained as a primary field 
isolate. In Expt 1, chicks were housed in isolation on clean shavings and 
challenged with 1.2x107 cfu/chick CJ on d21, with culture and enumera-
tion 1, 2, and 3 weeks later. At each sampling age, CJ was recovered from 
100% of untreated chicks, at levels ranging from 6.8 to 7.4 log10, with no 
indication of increasing or diminished levels over time. In Expt 2, similar-
ly housed chicks were challenged with 6x103 cfu/chick CJ by oral gavage 
at d5, with selective cecal recovery 16 days post-challenge (dpc). In this 
experiment, control chicks were negative for CJ 16 dpc, even following 
selective enrichment. All birds were then re-challenged with 4x104 cfu/
chick CJ on d23 and cultured 10 dpc, at which time controls were 50% CJ 
positive. In Expt 3, birds from a primary breeder were placed in to a BSL2 
clean room and monitored for Campylobacter colonization via cloacal 

swabs for 4 weeks. On day 7, these chicks were found to be spontaneously 
positive for Campylobacter. Campylobacter was recovered by enrichment 
as follows: d7 (83.3%), d12 (83.3%), d19 (33.3%), d21 (50%), d28 (0%). 
A second set of chicks in this experiment, housed in under separate BSL2 
conditions, were challenged on d14 with 4x105 cfu/chick CJ. Cloacal 
swabs by enrichment indicated that 100% recovery was observed at 5, 7, 
14 and 21 dpc. Similarly, a third set of chicks from Expt 3, housed in sepa-
rate BSL2 conditions, were challenged on d21 with 3x105 cfu/chick CJ. 
These chicks were sampled for recovery by enrichment 7 dpc (66.7%) and 
14 dpc (100%). These data, consistent with previously published work, 
suggest that susceptibility and pre-exposure are highly variable between 
hatches of chicks due to unknown factors. The relative value of alterna-
tive challenge isolates and/or selected mixed challenge cultures to increase 
uniformity of challenge is under investigation.

Key Words: Campylobacter, broilers, challenge model

M62 Recognition of recombinant bacterial surface-expression 
of CD154 or HMGB1 by a macrophage cell line O.B. Faulkner*1, 
Y. Yang1, V.A. Kuttappan1, L.R. Bielke1, A.D. Wolfenden1, G. Tellez1, 
L.R. Berghman2, Y.M. Kwon1, B.M. Hargis1 1University of Arkansas, 
Fayetteville, AR; 2Texas A&M University, College Station, TX
CD154 is the T lymphocyte-expressed ligand for CD40 receptors on B 
lymphocytes and macrophages, and activation is known to enhance im-
mune response. High mobility box group 1 (HMGB1) acts as a cytokine 
to initiate local or systemic inflammation by binding the receptor for 
advanced glycation end products, toll-like receptor (TLR)2, TLR4, and 
many other receptors activating macrophage lineage cells including den-
dritic cells and M cells, CD4+CD8+ T lymphocytes, and B lymphocytes. 
In order to elicit maximum phagocytic uptake and immune stimulation, 
cell surface expression of immune stimulating molecules must be opti-
mally arranged with adjacent antigenic peptides. Recombinant bacteria 
vaccines may display linear chimeric DNA in different folding patterns, 
dependent upon factors such as placement of charged amino acids. Pres-
ently, the ability of recombinant salmonellae with surface expression 
of a truncated CD154 or a full HMGB1 protein to stimulate enhanced 
recognition by a murine Raw 264 macrophage cell line was evaluated. 
Different combinations of antigenic cargo with CD154 or HMGB1 were 
chromosomally inserted for cell surface display in an attenuated Salmo-
nella Enteriditis (∆SE) vectors. Phagocytic activity of ∆SE-CD154 and 
∆SE-HMGB1 were compared to ∆SE vector by flow cytometric analysis 
and E. coli pHrodo fluorescent bioparticles. Murine macrophages phago-
cytosed ∆SE-HMGB1 at level of 728 ± 2.4 mean fluorescence intensity 
(mfi), which was elevated above ∆SE vector control at 714 ± 3.6 mfi 
(P=0.025), but ∆SE-CD154 with 723 ± 2.3 mfi was no different than 
∆SE vector or ∆SE-HMGB1 (P>0.05). Macrophage phagocytosis mea-
surement may be indicative of preferred spatial arrangement of CD154 
and/or HMGB1 with target antigen protein expression on the bacterial 
cell surface. CD154 and/or HMGB1 incorporation into poultry vaccines 
may enhance antigen presentation resulting in increased antigenic cargo-
specific antibody production.

Key Words: Phagocytosis, Salmonella, CD154, HMGB1
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M63 Evaluation of a thermotolerant xylanase on broiler growth 
performance and dietary ileal digestible energy value Cody Flores*SC1, 
Mallori Williams1, Kyle Smith1, Jake Pieniazek1, Patrick Biggs2, Jason Lee1 
1Poultry Science Department, Texas Agrilife Research, Texas A&M System, 
College Station, TX; 2BioResource International, Inc, Durham, NC
The objective of the current experiment was to evaluate xylanase in-
clusion on male broiler growth performance and ileal digestible energy 
(IDE). The experimental design consisted of three dietary treatments 
including a low energy control containing 2940 kcal/kg, 2990 kcal/kg, 
and 3035 kcal/kg AME in the starter, grower, and finisher diets, respec-
tively. The additional two treatments included the control supplemented 
with xylanase at 0.01% (X1) or 0.02% (X2). Each treatment consisted of 
twelve replicate pens with 35 male broilers placed per replicate for a 42 
d grow-out. The diets were fed as a crumble during the starter phase and 
a pellet during the grower and finisher phases and were pelleted at a tem-
perature of 85°C. Xylanase was added to the feed prior to pelleting. The 
dietary program consisted of three dietary phases including the starter 
from 1 to 14 d, grower from 15 to 28 d, and finisher from 29 to 42 d. Body 
weights and feed consumption were determined at 14, 28, and 42 d. Ileal 
contents were collected from 5, 4, and 3 birds at 14, 28, and 42 d, respec-
tively, and pooled on a per pen basis. Titanium dioxide was used as an in-
digestible marker for the determination of ileal digestibility of energy. No 
significant differences were observed on body weight with the inclusion 
of xylanase when compared to the control throughout the experiment. At 
28 d, the inclusion of xylanase X1 improved (p<0.01) FCR compared 
to the control diet (1.424 vs 1.454). FCR was also improved (p<0.01) 
at 42 d for birds fed X1 when compared to the control (1.689 vs 1.733). 
At 28 d, IDE was increased (p<0.05) 88 kcal/kg when birds were fed X1 
when compared to birds fed the control diet. At 42 d, IDE was increased 
(p<0.05) from 2,930 kcal/kg in the control diet to 3,104 and 3,110 kcal/kg 
in the birds fed the X1 and X2 diets, respectively. At 42 d, IDE digestibil-
ity coefficient was increased (p<0.05) at both inclusion rates (X1 and X2) 
when compared to the control (0.702 and 0.703 vs 0.663, respectively). 
In conclusion, increases in IDE with xylanase supplementation at 28 and 
42 d were observed to improve FCR.

Key Words: Xylanase, Broiler, Performance, Digestible Energy

M64 Evaluation of the inclusion of a thermostable xylanase in broiler 
diets. Jake Pieniazek*SC, Mallori Williams, Joseph Klein, Jason Lee Texas 
A&M University, College Station, TX
The objective of the current study was to evaluate the impact of feeding 
increasing concentrations of an experimental thermostable xylanase on 
growth performance and energy digestibility in male broilers. The ex-
perimental design consisted of five dietary treatments, including a control 
diet without enzyme inclusion and the control diet supplemented with 
four increasing levels of xylanase (250, 500, 1000, and 2000 U/kg of 
diet). Each treatment included twelve replicate pens with 6 male broilers 
placed per pen (360 total chicks placed). The dietary program included a 
starter ration throughout the trial (d 1-21). The basal diet contained 30% 
wheat and 15% dried distiller’s grains with solubles (DDGS) and was 
pelleted at 87°C. Broilers were weighed and feed consumption deter-
mined on d 7, 14, and 21. On d 21, all broilers per replicate pen were 
necropsied, with ileal contents collected and pooled per replicate for the 
determination of ileal digestibility of energy; titanium dioxide was uti-
lized as an indigestible marker. No significant differences in body weight 
were observed between diets supplemented with xylanase and the con-
trol throughout the experiment. The inclusion of xylanase at all inclusion 
rates improved (p<0.05) FCR on d 7, from d 15-21, and cumulatively at 
the completion of the experiment (d 1-21) with the inclusion of xylanase 
at all inclusion levels. A reduction (p<0.05) in cumulative FCR through 
d 14 was observed in diets containing xylanase at 500 U/kg, 1000 U/

kg, and 2000 U/kg compared to the control diet. A reduction in cumula-
tive feed consumption was observed at d 21 in diets containing 500 U/kg 
and 2000 U/kg xylanase compared to the control. These improvements 
in FCR corresponded with increases in ileal digestible energy for diets 
containing xylanase at 500 U/kg, 1000 U/kg, and 2000 U/kg. These data 
confirm the ability of xylanase inclusion in starter diets containing wheat 
and DDGS to provide increased energy digestibility and improved FCR 
when fed to male broilers through 21 d of age.

Key Words: Xylanase, Broiler, Performance, Energy

M65 Effects of dietary amino acid density, additional fat and 
xylanase levels in diets on energy and protein utilization by broilers 
Manuel Joao Da Costa*SC1, Edgar O. Oviedo-Rondón1, Carlos Bôa-Viagem 
Rabello2, Juan Carlos Rios Alva3, Wedson Nogueira3, Jose Guilherme 
Barbosa4, Craig Wyatt5 1Prestage Department of Poultry Science, North 
Carolina State University, Raleigh, NC; 2Universidade Federal Rural 
de Pernambuco, Recife, Pernambuco, Brazil; 3Universidade Estadual 
Paulista, FVMZ, Jaboticabal, SP, Brazil; 4Universidade Federal de Santa 
Maria, Santa Maria, RS, Brazil; 5AB VISTA, Plantation, FL
Dietary amino acid density (AA), fat content and xylanase levels (X) may 
affect nutrient utilization. A study was conducted to evaluate the effects 
of AA, additional energy from fat post-pellet (FL) and xylanase levels 
in corn-soybean diets with DDGS on broiler nutrient digestibility and 
energy utilization. A total of 2,112 d-old male Ross 708 broilers were 
placed in 96 pens. The 16 treatments consisted of diets formulated with 2 
AA densities (High and Low, 10% difference), 2 FL (basal and additional 
fat to increase ME by 100 kcal/kg) and 4 levels of X (0, 8000, 16000 and 
32000 BXU/kg). Starter, grower and finisher diets were fed from 1 to 16, 
17 to 35 and 36 to 49 d of age, respectively. Fresh feces were collected at 
15 and 16 d and at 42 and 43 d. Celite was used as an inert marker. The 
AMEn, metabolizability coefficient (MC) of gross energy, and protein 
digestibility (PD) were obtained. Data were analyzed as a CRBD with 
a 2×2×4 factorial arrangement of treatments. In the starter phase, three 
way interactions (P<0.001) were detected on all parameters. Broilers fed 
Low AA, additional FL and 32000 BXU/kg had the best AMEn and MC. 
The worst AMEn and MC was observed in broilers fed Low AA, ad-
ditional FL and 16000 BXU/kg. Overall, X improved AMEn, the effects 
being maximized when 32000 BXU/kg were supplemented in additional 
FL diets. Furthermore, Low AA, addition of 16000 BXU/kg, without ad-
ditional FL, supported the best PD and the second best AMEn. Results 
indicated that Low AA diets had higher PD than High AA. In the finisher 
phase, an interaction effect between FL and X was detected (P<0.001) 
on AMEn. Quadratic effects (P<0.001) of X were verified on AMEn and 
PD. Broilers fed 8000 BXU/kg had improved AMEn. Diets containing 
16000 BXU/kg improved PD. On diets without extra FL, 8000 BXU/kg 
increased AMEn to values similar to those observed in diets with extra 
FL. In conclusion, X inclusion improved energy and protein utilization 
in High and Low AA diets. Adding fat may improve X efficiency, espe-
cially in High AA starter diets, but it did not enhance X efficiency in the 
finisher phase. 

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

M66 Effects of diet type and nutrient density from day 8 to 21 on 
bone morphology, breaking strength, and mineral density in male 
broilers Xi Wang*SC, E. David Peebles, Mark Bricka, Wei Zhai Mississippi 
State University, Mississippi State, MS
The effects of diet type, and amino acid (AA) and apparent metaboliz-
able energy (AME) densities on the tibias of 1,120 male Ross × Ross 708 
broiler chicks were studied. A completely randomized block design with 
2 × 2 × 2 factorial arrangement of treatments was applied (10 blocks, 8 
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treatments/block, 14 chicks/pen). Diets fed from d 8 to 21 were formu-
lated to contain two diet types [high inclusion of distiller’s dried grains 
with solubles diet (hDDGS) or high inclusion of meat and bone meal diet 
(hMBM)], two AA densities (moderate or high) and two AME densities 
(moderate or high). Lengths, perimeters, and weights of tibias from 2 
chicks/pen on d 21 were measured. Left tibias were tested for breaking 
strength, ash content, and mineral contents. Chicks fed a high AA diet 
exhibited longer tibia than did chicks fed a moderate AA diet (6.97 and 
6.85 cm, respectively, P = 0.046). Also chicks fed hDDGS diets with a 
high AME density exhibited larger tibia perimeters compared to those fed 
hMBM diets with a moderate AME density (2.49 and 2.46 cm, respec-
tively, P = 0.016). Dietary treatments did not affect breaking strength, 
ash content, or concentrations of calcium, phosphorus, potassium, zinc, 
manganese, and magnesium in tibia. However, tibia weights, calcium and 
phosphorus contents relative to BW were decreased in chicks fed higher 
AME diets (P = 0.012, 0.024, and 0.014, respectively). When birds were 
fed high AA diets, hMBM improved bone breaking strength relative to 
BW as compared to the hDDGS diets (22.39 and 19.73 kgf/kg, respec-
tively, P = 0.039). In conclusion, high AA density diets, especially those 
with a high inclusion of MBM, may stimulate tibia growth. Furthermore, 
a high AME diet density may have facilitate muscle deposition more than 
bone growth.

Key Words: amino acid, breaking strength, metabolizable energy, mineral 
density, tibia

M67 Forty-two day evaluation of a microbial phytase in phosphorus 
deficient broiler diets via live broiler performance and tibia bone ash. 
Kyle Smith*UG1, Mallori Williams1, Joseph Klein1, Megharaja Manangi2, 
Mercedes Vazquez-Anon2, Arne Solbak3, Jason Lee1 1Texas A&M 
University, College Station, TX; 2Novus International, Inc., St. Charles, 
MO; 3Verenium Corporation, San Diego, CA
The objective of the experiment was to evaluate the impact of two levels 
of a next generation microbial phytase (CIBENZA® PHYTAVERSE™) 
inclusion in phosphorus (P) deficient broiler diets (corn-SBM based) on 
growth performance and tibia ash. The experimental design consisted 
of 4 dietary treatments including a positive control (PC) consisting of 
0.45%, 0.41%, and 0.38% available P (aP) for the starter (d 1-14), grower 
(d 15-28), and finisher diets (d 29-42), and a negative control (NC) con-
sisting of a reduction of 0.17% aP, and the inclusion of microbial phy-
tase in the P deficient diet at two different inclusion rates (500 and 2,000 
units (U)/kg diet). Each treatment included 11 replicate pens with 40 
male broilers placed per replicate. On d 42, tibia ash was determined on 
6 broilers per replicate pen. The reduction in aP lowered (p<0.05) broiler 
performance throughout the entire experiment. During the starter phase, 
phytase inclusion at 500 U/kg improved FCR to levels comparable to the 
PC (P>0.05), with 2,000 U/kg resulting in a further improvement com-
pared to the PC (P<0.05). Phytase inclusion significantly improved FCR 
during the grower phase with the 2,000 U/kg yielding similar results to 
the PC (P>0.05). Phytase inclusion improved 42d cumulative FCR to lev-
els comparable to the PC (P>0.05). During the starter and grower phases, 
phytase inclusion increased BW (p<0.05) compared to the NC with the 
2,000 U/kg inclusion resulting in a further increase compared to the PC 
(P<0.05). On d 42, phytase inclusion increased BW compared to the NC 
with 2,000 U/kg diet yielding similar results to the PC (P>0.05). During 
the starter phase, 500 U/kg inclusion increased feed consumption (FC) to 
levels that were comparable (P>0.05) to the PC with the 2,000 U/kg diet 
inclusion resulting in a further increase compared to the PC (P<0.05). 
Bone ash was negatively influenced with the reduction of aP in the NC 
group as compared to the PC. The inclusion of phytase at both 500 and 
2000 U/kg increased % bone ash to levels that were comparable to the PC 
(P>0.05). These data confirm that the next generation microbial phytase 
improves growth performance and tibia ash in P deficient broiler diets.

Key Words: Phosphorus, Broiler, Phytase, Performance

M68 Twenty-one day evaluation of microbial phytase inclusion in 
phosphorus deficient broiler diets via live broiler performance and 
tibia bone ash. Tucker Allcorn*UG1, Jake Pieniazek1, Mallori Williams1, 
Joseph Klein1, Megharaja Manangi2, Mercedes Vazquez-Anon2, Arne 
Solbak3, Jason Lee1 1Texas A&M University, College Station, TX; 2Novus 
International, Inc., St. Charles, MO; 3Verenium, San Diego, CA
An experiment was conducted to investigate increasing concentrations of 
a next generation microbial phytase (CIBENZA® PHYTAVERSE™) on 
broiler growth performance and tibia bone ash when fed corn-SBM based 
diets deficient in available phosphorus (aP). The experimental design in-
cluded 6 dietary treatments, including a negative control (NC) with an 
aP level of 0.23% (starter) and 0.19% aP (grower), two positive control 
diets with the addition of 0.12% aP (PC1) and 0.22% aP (PC2), and the 
NC supplemented with 3 increasing levels of phytase (250, 500, and 2000 
units (U)/kg diet). The dietary program included a starter (d 1-14) and 
grower ration (d 14-21), with Ca levels of 0.93% and 0.84, respectively, 
and pelleted at 85°C. Each treatment included 12 replicate pens of 8 male 
broilers per replicate. Broilers were weighed and feed consumption (FC) 
determined weekly to evaluate body weight (BW) and feed conversion 
ratio (FCR). On d 21, right tibias were collected from all birds for the 
determination of tibia ash. As dietary aP decreased in the control diets 
a reduction (p<0.05) in BW was observed throughout the trial. On d 7, 
phytase inclusion increased (p<0.05) BW compared to the NC and PC1 
to levels that were comparable to the PC2. Phytase inclusion increased 
(p<0.05) BW throughout the trial, with phytase inclusion at 2000 U/kg 
yielding similar results to the PC2 diet. As dietary aP decreased a linear 
(P<0.05) increase in FCR was observed throughout the trial. Phytase in-
clusion improved (p<0.05) FCR throughout the trial compared to the NC 
to levels that were similar to the PC2 diet. Similar trends were observed 
in FC, with phytase inclusion increasing (p<0.05) FC compared to the 
NC, with the inclusion at 2000 U/kg yielding similar (P>0.05) results 
as the PC2 diet throughout the trial. A decrease (p<0.05) in bone ash 
percentage was observed between the PC1 and NC compared to PC2, 
with phytase inclusion at 2000 U/kg yielding similar results to the PC2 
(P>0.05). Linear regression analysis indicated average P equivalency val-
ues for BW and bone ash of 0.137%, 0.147%, and 0.226% for phytase 
inclusion of 250, 500, and 2000 U/kg, respectively. These data confirm 
the ability of the next generation phytase to improve growth performance 
and tibia bone ash in broilers fed aP deficient diets.

Key Words: Phosphorus, Phytase, Broiler, Bone Ash, Performance

M69 Effect of β-mannanase supplementation on performance and 
egg quality in laying hens fed a low protein and energy diet Roshan 
Adhikari*SC1, Maureen Kugo2, Jae Hwan Lee3, Charles Martin Nyachoti2, 
Woo Kyun Kim4 1University of Georgia, Athens, GA; 2University of 
Manitoba, Winnipeg, Canada; 3CTCBIO INC, Seoul, Republic of Korea; 
4University of Georgia, Athens, GA
A study was conducted to investigate the effects of β-mannanase on lay-
ing performance and egg quality traits of layers fed corn and soybean 
meal (SBM) based diets with two levels of protein and energy content. A 
total of 160 Lohmann White laying hens (5 birds/ pen) at 51 wk of age 
having similar body weight were randomly assigned to four dietary treat-
ments with 8 replicate pens per treatment. The four dietary treatments 
consisted of a Corn/SBM based diet with 18.5 % CP and 2850 kcal/
kg ME (CS), CS with 0.04% β-mannanase (CS-E), Corn/SBM based 
diet with 17% CP and 2750 kcal/kg ME (CSL) and CSL with 0.04% 
β-mannanase (CSL-E), arranged in a 2 × 2 factorial. The hens were fed 
the CS diets for an adjustment period of 7 days before the start of the ex-
periment, which was conducted for 12 wk. Egg production was recorded 
daily, feed intake, egg weight, specific gravity, shell thickness, cell break-
age strength and Haugh Units were measured weekly. Birds fed CSL and 
CSL-E diets had higher (p < 0.05) feed intake compared to birds fed CS 
and CS-E diets until wk 8. However after wk 8 there was decrease (p < 
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0.05) reduction in feed intake of birds receiving CSL-E diet compared 
to CSL diet, indicating that β-mannanase supplementation in low protein 
and energy diets may increase the efficiency of protein and energy utili-
zation in laying hens. However, there was no interaction of enzyme and 
feed at any stage of the study. There was no enzyme effect on egg produc-
tion and egg to feed ratio between treatments. Birds receiving CSL and 
CSL-E diets had lower (p < 0.05) egg shell thickness compared to birds 
receiving CS and CS-E; however, there was no enzyme effect at both 
nutrient levels. No significance differences were observed between treat-
ments for specific gravity, shell breakage strength, and albumin height 
of eggs. β-mannanase supplementation in low protein and energy diets 
may improve nutrient utilization in laying hens, however, it may not have 
significant effects on egg production and egg quality parameters of lay-
ing hens.

Key Words: β-mannanase, laying hens, nutrient utilization, egg quality

M70 Effect of β-mannanase on growth performance, ileal digestible 
energy, and intestinal viscosity of male broilers fed a reduced 
energy diet Rocky Latham*SC1, Mallori Williams1, Kyle Smith1, Kendre 
Stringfellow2, Roy Brister3, Sergio Clemente2, Jason Lee1 1Texas A&M 
University, College Station, TX; 2Novus International, Inc., St. Charles, 
MO; 3Tyson Foods, Springdale, AR
An experiment was conducted to investigate the effect of β-mannanase 
(Cibenza® DE200) on male broiler growth performance, energy digest-
ibility, and intestinal viscosity in reduced energy diets. A randomized 
complete block designed study included three treatment groups with 15 
replicates of 40 male broilers per replicate for a 49 day experiment for a 
total placement of 1,800 broilers. The three dietary treatments included 
a positive control (PC) diet, a negative control (NC) diet (-97 kcal/kg 
in AME), and NC + β-mannanase (400,000 U/kg). Broilers were fed a 
starter (0.45 kg/bird), finisher (1.80 kg/bird), and withdrawal (remainder 
of growout). Growth performance was monitored on a weekly basis and 
ileal contents collected on day 17 and 37 days of age to determine ileal 
digestible energy and intestinal viscosity. Titanium dioxide was used as 
an indigestible marker for the determination of ileal digestible energy. 
Ileal contents were centrifuged and the supernatant collected for viscos-
ity determination using a Brookfield Cone and Plate Viscometer. The PC 
treatment maintained significantly higher average body weight when as 
compared to the NC diet through 42 d of age indicating that the reduc-
tion in energy was sufficient to reduce body weight. The inclusion of 
β-mannanase achieved similar performance to the PC through d 42. Re-
duction in dietary AME increased cumulative mortality corrected FCR in 

the NC diet as compared to the PC throughout the experiment. Inclusion 
of β-mannanase significantly improved FCR as compared to the NC diet 
throughout the experiment. No differences were observed in intestinal 
viscosity. Improved FCR could be attributed to a 55 kcal/kg observed in-
crease in digestible energy as compared to the NC diet at 17 days of age. 
The inclusion of β-mannanase improves body weight and FCR of broilers 
when fed reduced energy diets.

Key Words: Broiler Performance, Ileal Digestible Energy, DDGS

M71(1) Effects of a mannose rich fraction on fat pad and energy 
digestibility of first-cycle laying hens fed various concentrations of 
dietary energy Alysha Gareis*SC1, Michael Persia1, Paulo Rigolin2 1Iowa 
State University, Ames, IA; 2Alltech, Inc., Nicholasville, KY
Energy has become an important aspect of poultry production as corn 
and feed oil have become linked to fuel markets. The objective of this 
experiment was to evaluate Actigen®, mannose rich fractions from the 
cell wall of a specific strain of yeast (MRF), on AMEn and body compo-
sition when supplemented to laying hen diets containing various dietary 
energy concentrations. The experiment was a 2 x 2 factorial, including 
diets supplemented with and without the MRF and two concentrations of 
dietary energy (2,850 kcal/kg or 2,750 kcal/kg). Each experimental unit 
(EU) consisted of one hen per cage (204 sq in2/ bird) for a total of 12 EU 
for the 4 dietary treatments. Abdominal fat pad (AFP) weight is a cumu-
lative measure so this experiment was set up for 8 wk to understand if a 
shorter term feeding experiment could be used when considering body 
composition. Egg production, egg weight, egg mass, and mortality were 
recorded daily while feed intake was determined weekly. Body weights 
were obtained at the beginning and conclusion of the experiment, and 
hens were euthanized for dual-energy x-ray absorptiometry (DXA) and 
AFP weight measurements. Data were analyzed using ANOVA with a 
2x2 factorial arrangement. Student’s T test was used to separate means 
if significance was detected. Factorial analysis resulted in a significant 
main effect of energy, but not MRF on the total g and % of fat mass in 
the hens as determined by DXA analysis. The same main effect of energy 
was observed for fat pad weight, but only as a trend (P= 0.12). Both MRF 
and energy resulted in main effects as high dietary energy and MRF both 
resulted in a significant increase in AMEn. Overall, the MRF treatment 
increased AMEn but the increased dietary energy did not appear to be 
stored as increased fat content of the hen. 

Key Words: body composition, dietary energy, laying hen, mannose rich 
fraction

Environment Management II

M71(2) House Environmental Impact of Wood Pellet Burning 
Stoves J.B. Hess*, K.S. Macklin, J.P. Blake Poultry Science Department, 
Auburn University, Auburn, AL
Broiler house environment is a crucial factor in bird health, productivity 
and ultimately in the profitability of growers and poultry integrators alike. 
Wood pellet burning furnaces (Lee Energy Solutions, Crossville, AL) 
were tested in paired broiler houses on four broiler farms during fall and 
winter growouts for two years to determine influences on house ammo-
nia, moisture control and temperature. On each farm, a house using wood 
burning furnace technology was paired with another house on the farm 
using conventional propane heat. Prior to bird placement for each farm 
and each growout, two temperature/humidity probes (Omega Engineer-
ing, Stamford, CT) were placed in each test house in the brood chamber 
to collect daily temperature and humidity information (4 times daily for 
the entire growout). At 14 days of age, a farm visit was made to collect 
litter and air ammonia measurements, litter temperature and samples for 
litter moisture determination. Ammonia measurements were obtained us-

ing a closed container of specified dimension (53.34 x 39.37 x 12.7 cm) 
inverted over the litter bed and determined using a Drager CMS Analyzer 
equipped with a remote air sampling pump attached to a 30 cm sampling 
hose located in the top center of the inverted container.  Litter ammonia 
levels (measured as the ammonia leaves the litter) were meaningfully 
reduced 80% of the time in houses burning wood pellets, with an average 
reduction of 15 ppm. Brooding humidity levels, important in the main- Brooding humidity levels, important in the main-
tenance of air quality and crucial in the control of litter moisture, were 
reduced 75% of the time with wood pellet use. Reductions averaged 8%, 
with 15% humidity reductions not uncommon during the most difficult 
portion of the winter season. Brooding temperatures were marginally 
increased 50% of the time by the pellet burning furnaces despite tight 
temperature control through house controllers. 

Key Words: Broiler, Ammonia, Humidity, Temperature, Wood Pellet 
Burning Stove
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M72 Relationship of Hatch Time to Broiler Chick Percentage Yolk 
Sac and Subsequent Live Performance John Brake*1, Serdar Ozlu2, 
Okan Elibol2 1North Carolina State University, Raleigh, NC; 2University of 
Ankara, Ankara, Turkey
Broiler hatching eggs from broiler breeder flocks (Ross 344 X 308SF) at 
59 and 55 wk of age were used in Experiments 1 and 2, respectively. Eggs 
were stored in a cooler for 1-3 d prior to setting in Petersime incubators 
under standard single-stage conditions. Early hatch time was 472-480 h 
or 471-477 h, Middle hatch time was 488-492 h or 480-486 h, and Late 
hatch time was 496-510 h or 494-510 h, respectively, in Experiments 1 or 
2. Chicks were deemed to be hatched when they exhibited healed navels 
and dryness about the head and neck. At 510 h of incubation, hatched 
chicks were removed from the trays, feather sexed, counted, identified 
with neck tags, weighed, and placed in floor pens on new wood litter 
shavings. Chicks were necropsied and yolk sac weight determined at 
placement in pens and 24 h later (1 d) in Experiment 1 and immediately 
at each hatch time (477 h, 486 h, and 510 h) and also at placement in 
Experiment 2. For each hatch time, chicks were assigned to 8 pens of 10 
male and 10 female chicks each or 9 pens of 9 male and 9 female chicks 
each for a total of 480 or 486 chicks in Experiments 1 and 2, respectively. 
BW and feed consumption were determined at 1, 7, 28, and 35 d of age or 
7, 14, 21, and 35 d of age in Experiments 1 and 2, respectively. Mortality 
was noted daily. Data from the 3 (hatch time) x 2 (sex) completely ran-
domized design were subjected to analysis of variance. Percentage yolk 
was greater in Late hatch compared to Early and Middle hatch chicks at 
placement and at 1 d in Experiment 1. Percentage yolk was similar in all 
groups in Experiment 2 at hatch time but Early hatch chicks exhibited 
less percentage yolk at placement. Chick BW was greater at placement 
in Late hatch chicks compared to Early hatch chicks in both experiments 
but this was no longer apparent by 7 d. BW was greater in the Middle 
hatch compared to Late hatch chicks with Early hatch chicks intermediate 
at 7 and 35 d in Experiment 1. Although Early and Middle hatch chicks 
exhibited greater BW loss between hatch and placement and lower BW 
at placement compared to Late hatch chicks, Early hatch chicks had sig-
nificantly larger BW than Late hatch chicks with Middle hatch chicks 
intermediate at 35 d in Experiment 2. Late hatch chicks consumed less 
feed and exhibited lower relative growth rate to 7 d and exhibited greater 
cumulative mortality in both experiments. Late hatch chicks had greater 
percentage yolk sac and BW at 510 h of incubation, which was followed 
by reduced feed consumption to 7 d. Mortality and BW gain was also 
poorer in Late chicks relative to Early and Middle hatch chicks. 

Key Words: broilers, hatch time, yolk sac, feed consumption, mortality

M73 Early application of a novel probiotic improves gut development 
in neonatal broiler chicks R.E. Wolfenden*, J.L. Vicente, J. Lum, M.F. 
Faulkner Pacific Vet Group, Fayetteville, AR

Early gut development in broiler chicks is stimulated by the establishment 
of healthy gut microflora. In nature, hens and the environment provide 
these microflora to chicks, however, in the hatchery setting chicks are sepa-
rated from hens which slows the rate at which normal flora is established 
in the neonate. This retards intestinal development which in turn decreases 
market weight. The first organisms to colonize the GI tract have a distinct 
advantage in becoming the primary residents. However, the most common 
environmental bacteria in the hatchery and farms often include species 
which are pathogenic to poultry. Mounting evidence indicates that early 
treatment with probiotics provides an opportunity to colonize the GI tract 
of broiler chicks, to induce gut development, increase 7 day weight, as well 
as out-compete potential pathogens. In this study we used a novel, hatch-
ery-applied probiotic, FloraStart™ (FS), which is comprised of Lactobacil-
lus plantarum (TY036) and Enterococcus faecium (MFF109) to determine 
its effect on villus development and 7 day weight gain in broiler chicks. 
Chicks were treated with either 1X106 MFF109 and TY036 or sterile sa-
line and then placed into pens. After six hours, all groups were challenged 

with Salmonella Enteriditis. At three days, villus length of FS treated birds 
was significantly greater from 255.8 ± 3.7 µm in controls as compared to 
309.2 ±1.5 µm in treated chicks (P < 0.01). To determine 7 day weight 
gain, chicks were weighed on day of hatch and on day 7. Average 7 day 
weight gain from the FS group was significantly greater at 108.0 ± 3.4 g as 
compared to 78.3 ± 4.7 g in the controls (P < 0.01). These results indicate 
that treatment with FloraStart provides a unique opportunity to colonize 
neonatal broilers with beneficial microbes that have multiple beneficial ef-
fects to include an increase in 7 day weight as well as early protection from 
pathogens.

Key Words: Probiotic, Gut Development, Salmonella Enteritidis, 7 Day 
Body Weights

M74 Antimicrobial Resistance in Aviary and Enriched Housing 
Environments Paula Fedorka-Cray*1, Deana Jones1, Darrin Karcher2 
1USDA-ARS, Athens, GA; 2Michigan State University, Department of 
Animal Science, East Lansing, MI

Antimicrobial resistance continues to be a global problem. The purpose 
of this study was to elucidate the emergence of resistance in populations 
of bacteria over time in layers in different housing systems. Houses were 
newly constructed and tested for pathogens prior to placement of hens. 
Hens were placed in aviary or enriched systems and samples (feed, water, 
and environmental which consisted of multiple nest box, belt, scraper, and 
scratch pad swabs) were collected and cultured for Salmonella and Esch-
erichia coli using standard laboratory methods. All isolates were tested 
for susceptibility to a panel of antimicrobials using the NARMS methods. 
Prior to placement of the birds only 2 feed samples were positive; both for 
S. Mbandaka and E. coli. Approximately 10 weeks later, 13/295 samples 
from the enriched system were positive for S. Altona or Kentucky while 
2/99 from the aviary system were positive for S. Altona. Ten and 20 weeks 
later 11/123 and 14/122 from the enriched environment continued to be 
positive for either Altona or Kentucky while 1/25 at each sampling from 
the aviary system was positive for Altona. No Salmonella isolates were 
resistant to any antimicrobials tested. Both initial feed samples for E. coli 
were not resistant to any antimicrobials tested. At 10 weeks, 182/295 and 
99/99 samples were positive for E. coli from the enriched and aviary sys-
tems, respectively. E. coli from the enriched system were susceptible to 
chloramphenicol, ciprofloxacin and kanamycin. At least 3 or more (range 
3-28) isolates were resistant to all other antimicrobials tested including 
nalidixic acid (n=4). Conversely, from the aviary system, resistance was 
only observed to gentamicin, streptomycin, sulfisoxizole, tetracycline, and 
nalidixic acid; however, more isolates were resistant to these antimicrobials 
(range 6-36) and 26 isolates were resistant to nalidixic acid. The environ-
ment, but not the feed, was negative prior to placement of the hens. Mban-
daka was only isolated from feed and not the environment. Kentucky has 
only been isolated from the enriched system. E. coli isolates from the avi-
ary system are resistant to fewer antimicrobials but the prevalence of resis-
tance is higher to some antimicrobials than those from the enriched system. 
This study shows a dynamic that has not been described previously. Addi-
tional collections will continue to elucidate the transmission of Salmonella 
as well as antimicrobial resistance attributes within a production system.

Key Words: aviary, enriched, Salmonella, E. coli, antimicrobial resistance

M75 Current status of Salmonella spp., isolated from laying hen 
farms in Tolima district, Colombia Noel Verjan-Garcia*, Roy Rodriguez, 
Clemencia Fandiño, Libia Guzmán, Iang Rondón Universidad del Tolima, 
Ibagué, Colombia

Salmonellosis is a widespread major zoonotic disease caused by Salmonel-
la spp. The bacterium is usually isolated from intensive livestock systems 
such as bovine, pigs and poultry. Chicken meat, eggs and poultry byprod-
ucts are the main source of transmission of S. enteritidis to humans due 
to the feasibility of cross-contamination in poultry processing plants. In 
addition, Salmonella-infected chickens and other birds can be asymptom-
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atic and may not develop the disease and are regarded as natural carriers. 
Epidemiological studies on Salmonella spp. in poultry farms in Tolima 
district are very limited, and the prevalence, impact on bird’s health status 
and public health is currently unknown. The objective of this study was 
to estimate the prevalence of Salmonella spp. in a target population of 45 
laying hen farms in Tolima region, holding 1.9 Million egg-laying hens. 
To this purpose, a cross-sectional observational study was conducted on 
15 egg-laying hen farms chosen by the investigator based on the owner´s 
attitude to participate in the study. A total of 589 samples including cloa-
cal swabs (155 pools), food (31), drinking water (31), eggs (310), drag 
swabs (31) and operator´s stool samples (31) were collected from January 
to June 2013, and cultured for Salmonella isolation following standards mi-
crobiological test and characterized by conventional biochemical tests and 
serotyping. The prevalence for Salmonella spp. was found to be 33.3% in 
those farms and the bacteria was recovered from eggs shells, food and drag 
swabs but not from cloacal swabs. Molecular characterization by PFGE is 
in progress to establish the relationships between the Salmonella isolates. 
Finally, a survey was conducted to identify potential risk factors and found 
that farm´s practices such as independent feed mill, egg packed on sampled 
site, and absence of microbiological analysis of birds and drinking water 
among others, were associated with the presence of this microorganism.

Key Words: Salmonella spp., laying hen flocks, prevalence

M76 Reducing ammonia concentration and emissions with frequent 
litter amendment application during grow-out Hong Li*1, Chongyang 
Lin1, Stephen Collier2 1University of Delaware, Newark, DE; 2University 
of Delaware, Georgetown, DE

Litter amendments have been used to control the ammonia (NH3) emission 
from the broiler litter during the brooding period. One of commercially 
available litter amendments, sodium bisulfate, was frequently applied on 
the litter with two different rates on weekly base in a laboratory setup and 
with a single rate on bi-weekly base under field conditions. Repeated ap-
plication of sodium bisulfate led to significant reduction in NH3 emissions 
from broilers. The magnitude of NH3 emission reduction increases with 
the application rate of sodium bisulfate. The reduction rates of cumulative 
emissions with 366 g/wk-m2 (75 lb/wk-1000ft2) rate (from 14 to 64.5 %) 
were higher than the reduction rate of 183 g/wk-m2 (37.5 lb/wk-1000ft2) 
rate (from 0 to 55 %) from 28- to 61-d of age. The cumulative NH3 emis-
sion was reduced by 51.7% with 244 g/2wk-m2 (50 lb/2wk1000ft2) rate 
over a three-flock period (8 week average grow-out per flock) under field 

production conditions. Sodium bisulfate application showed no significant 
difference on body weight and feed conversion efficiency. However, foot 
pad quality was significantly improved by sodium bisulfate application. 
Litter pH and ammonia nitrogen level of the litter were decreased by so-
dium bisulfate application with both rates. Organic and total nitrogen con-
tents in the litter were higher while less nitrogen was emitted as NH3. 

Key Words: ammonia, emission, broiler, grow-out, litter amendment

M77 Screening of bacteriocin-like compound synthesis (BLC) from 
Bacillus spp: relation of diet composition, viscosity and proliferation 
of Clostridium perfringens in an in vitro digestive model Guillermo 
Tellez*1, Juan David Latorre1, Ross Wolfenden2, Jose Luis Vicente2, Anita 
Menconi1, Amanda Wolfenden1, Lisa Bielke1, Olivia Faulkner1, Billy 
Hargis1 1University of Arkansas, Fayetteville, AR; 2Pacific Vet Group-USA, 
Inc., Fayetteville, AR

Thirty-three Bacillus isolates from a partially-characterized library within 
our laboratory were tested for in vitro BLC activity against S. Enteritidis, 
E. coli, C. perfringens, and C. difficile. Antimicrobial activity of 7/33 of 
these selected Bacillus isolates against all of the target pathogens was 
observed, whereas 6/33 showed little or no antimicrobial activity against 
any of the target pathogens. Three of these 33 strains comprise the com-
mercial DFM Sporulin®, and this commercial combination was included 
at 109 spores/g in 5 different soybean-based diets with: corn, wheat, rye, 
barley, or oat content variations (1: 3.2, w/v H2O). After digestion (195m; 
40 °C, with our without DFM) supernatant fluids were tested for viscosity 
and CP proliferation (5 supernatants with and without DFM addition). The 
supernatants+tryptic soy broth (TSB; 1:2), TSB only, or PBS only, all with 
the addition of thioglycolate ( 0.5 mg/mL) were individually spiked to an 
initial concentration of 3 x 104 cfu/mL and incubated anaerobically (40 C; 
24 h). A significant (P< 0.05) increase in both viscosity and CP prolifera-
tion was associated with supernatants from diets containing wheat, barley, 
rye or oats, but not corn, when compared with PBS or TSB groups. These 
results suggest that the non-starch polysaccharides (NSP) from non-corn-
based diets can both enhance viscosity and CP growth. Remarkably, dietary 
inclusion of selected DFM candidates in NSP diets significantly reduced 
both viscosity and CP proliferation when compared with control diets with-
out the DFM. These in vitro results are consistent with previous reports of 
reductions in experimental and field necrotic enteritis associated with this 
commercial DFM.

Key Words: Bacillus, DFM, bacteriocins, viscosity, C. perfringens
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Metabolism & Nutrition III

M79 Effect of partially protected sodium butyrate on performance, 
digestive organs weight, intestinal E. coli populations and intestinal 
villi development in broilers Alvaro Ortiz*1, Fabian Chamba2, Rodolfo 
Riboty3, Monica Puyalto1, Hector Torrealba1, Juan José Mallo1 1NOREL 
S.A., Madrid, Spain; 2Universidad Técnica Equinoccial, Saint Paul, MN; 
3Universidad Técnica Equinoccial, QUITO, Ecuador
The objective of this study was to test the effect of partially protected 
sodium butyrate (SB) on performance, digestive organs weight, devel-
opment of villi and populations of intestinal E. coli. Nine hundred and 
twenty four 1-day old mixed Cobb chicks were used, divided into 3 treat-
ments with 7 replicates each. Diets were based on corn, soy and animal 
protein and no additional antibiotic was used in the formulation. Feed 
was offered as mash and divided into 3 phases: initial (1-14 d), grower 
(15-28 d) and finisher (29-42 d). The test consisted of 3 treatments. T1: 
control diet; T2: T1 + colistin (initial: 0.304 kg/T; grower: 0.392 kg/T; 
finisher: 0.571 kg/T); T3: T1 + SB (BP70, Norel S.A., Spain) at 700 ppm. 
No performance significant differences were found in the first phase. 
Weight gain and feed conversion were significantly (P < 0.05) better in 
T3 from day 14 onwards compared to the control. The relative weight of 
the pancreas decreased at 14 days in the SB group (P < 0.05) compared 
to control. The relative length of the jejunum, ileum and small intestine 
was significantly increased (P <0.05) in the SB group at 14 days. The 
intestinal villus height compared to the control was significantly higher 
(P < 0.05) with SB in jejunum at 42 days. The colistin group presented a 
greater depth of crypts (P < 0.05) and lower ratio of villus height / crypt 
depth (P < 0.05) in all intestinal segments at 14 days of age. SB signifi-
cantly improved (P < 0.05) this ratio in the duodenum, jejunum and ileum 
at 14 days compared with colistin group. The growth of intestinal E.coli 
population was not affected by treatments. These data indicate that par-
tially protected SB improves performance and maintains intestinal villi 
development of chickens, and it is comparable to the use of colistin.

Key Words: sodium butyrate, performance, villi, Escherichia coli, broiler

M80 Effects of feeding higher levels of an encapsulated source of 
butyric acid (ButiPEARL) on the performance of male Cobb 500 
broilers April Levy*1, Jim Kessler1, Lorraine Fuller2, Greg Mathis3, 
Fernando Valdez1 1Kemin Industries, Des Moines, IA; 2University of 
Georgia, Athens, GA; 3Southern Poultry Research, Inc., Athens, GA
In a previous experiment, feeding up to 300 g/ton of ButiPEARL™ to 
male Cobb 500 broilers resulted in a linear increase in body weight (BW) 
gain, a linear reduction in feed conversion, and no quadratic responses 
in growth performance. A second experiment was conducted with male 
Cobb 500 broilers to determine the effect of feeding higher levels of an 
encapsulated source of butyric acid (ButiPEARL) in broiler diets from 0 
to 42 d of age. Diets were corn-soybean meal based with 8% corn dried 
distillers grains with solubles. Treatments were replicated with 8 floor 
pens with 50 broilers per pen. The treatments were as follows: 1) Control 
(C) diet formulated to provide adequate nutrition to meet the broiler re-
quirements across all three feeding phases; 2) C + 100 g/ton ButiPEARL; 
3) C + 200 g/ton ButiPEARL; 4) C + 300 g/ton ButiPEARL; 5) C + 400 
g/ton ButiPEARL; and 6) C + 500 g/ton ButiPEARL . All ButiPEARL 
inclusions were added “on top as a feed additive” for mixing prior to pel-
leting. Body weight gain was not different (P > 0.05) across treatments 
at 21 d of age; whereas, feed conversion was significantly (P < 0.05) im-
proved for the 400 g/t or 500 g/t treatments compared to C. Weight gain 
at 35 d of age was increased (P < 0.05) for broilers fed 300, 400, and 500 
g/t compared to C. A significant response (P < 0.05) was noted for feed 
conversion at 35 d of age as broilers fed 500 g/t were more efficient than 
broilers fed C. Weight gain at 42 d of age was increased (P < 0.05) for 400 
g/t and 500 g/t compared with C. Feed conversion was reduced (P < 0.05) 
for 500 g/t compared with C. Feed consumption across all treatments was 

not different (P > 0.05) for any data collection period. Overall mortality 
ranged from 2.2 to 4.3% and was not significant (P > 0.05). This experi-
ment shows that butyric acid added to poultry diets in the form of Buti-
PEARL had a positive effect on performance. Based on the results of this 
experiment, the recommended optimum inclusion level for ButiPEARL 
in broilers reared to 42 d is 400 g/t based on BW gain and 500 g/t based 
on feed conversion. To achieve both BW gain and feed conversion, Bu-
tiPEARL can be fed up to 500 g/t without reducing growth performance.

Key Words: butyric acid, broiler, BW gain, feed conversion

M81 Evaluation of live performance of broiler chicks on built-up 
litter and fed commercial type basal diets or basal diets supplemented 
with Farmatan®, BMD®, or combinations to 56 days of age. Brett 
Lumpkins*1, Greg F. Mathis1, Donnie Moran2, Rob Whelchel2, Janez 
Ponebšek3, Danny M. Hooge4 1Southern Poultry Research, Inc., Athens, 
GA; 2Prinova Animal Nutrition, Carol Stream, IL; 3Tanin Sevnica d.d., 
Sevnica, Slovenia; 4Hooge Consulting Service, LLC, Eagle Mountain, UT
A 56-d broiler trial was conducted to compare performance on basal di-
ets or diets supplemented with antibiotics, Farmatan®, or both. Hubbard 
M99 x Ross 708 chicks (1,932 total) were placed 46/pen in a RCB Design 
with 7 blocks and 6 treatment pens/block (42 pens). Top-dressed, built-up 
wood shavings litter was used. Stocking density, minus equipment space, 
was 0.0938 m2/bird (1.01 ft2/bird) initially. On d of hatch, chicks got live 
coccidia vaccine from a Spraycox machine. Diets were pelleted. Feeding 
phases were 0-18, 18-35, 35-45, and 45-56 d. Treatments (U.S. ton) were: 
1. basal diets (nCON), 2. +Farmatan® 500 g (F500), 3. +Farmatan® 750 
g (F750), 4. +BMD® 50 g (BMD50), 5. +BMD® 37.5 g and Farmatan® 
500 g (BMD37.5 +F500), and 6. +BMD® 25 g and Farmatan® 500 g 
(BMD25+F500). The 0-18 and 0-35 d results were presented by Moran 
et al. (2013; Poul. Sci. 92(E-Suppl. 1):131; Abstr. P381). The 45-d feed 
conversion (FCR) and feed/gain (F/G) ratios were lower for BMD50, 
BMD37.5+ F500, and BMD25+F500 vs. nCON. Mortality-adjusted 
FCR (MAFCR) differed similarly except that F750 was also lower than 
nCON. The EPEF was [(BW gain, kg x Livability, %)/Age, d x F/G)]
x100. The 45-d EPEF, respectively, were: 330c, 334bc, 337abc, 349a, 347ab, 
and 350a. The 56-d BW (kg), respectively, were: 3.784b, 3.801ab, 3.820ab, 
3.863ab, 3.910a, and 3.869ab. The FCR, MAFCR, and F/G were lower for 
BMD50 and BMD37.5+F500 vs. nCON. The 56-d EPEF, respectively, 
were: 304b, 316ab, 317ab, 334a, 333a, and 331a. The 56-d mortalities and lit-
ter scores did not differ. Broilers cocci-vaccinated, kept on built-up litter, 
and fed diets with BMD® 37.5 g/ton had heavier BW, with BMD® 50 g 
or BMD® 37.5 g/ton had lower F/G, FCR, and MAFCR, and with each 
BMD® group had higher EPEF than similarly reared birds fed nCON 
diets from 0-56 d. 

Key Words: broiler, BMD, chestnut tannins, coccidia vaccine, Farmatan

M82 Dose responses in live performance of broiler chickens to 
different levels of Bacillus subtilis C-3102 (CALSPORIN®) spores 
in diets compared to non-supplemented or antibiotic supplemented 
diets in a 42-day observation. Michael Sims*1, Naoki Otomo2, Toshihiro 
Marubashi2, Troy Lohrmann3, Danny Hooge4 1Virginia Diversified 
Research Corp., Harrisonburg, VA; 2Calpis America, Inc., Peachtree City, 
GA; 3Quality Technology International, Inc., Elgin, IL; 4Hooge Consulting, 
Eagle Mountain, UT
A 42d broiler floor pen trial was conducted in Virginia with 1,500 broiler 
chicks to compare negative control (nCON; non-supplemented) basal di-
ets to diets supplemented with CALSPORIN® (CSP; 1x, 1.5x, and 2x 
with 1x being 300,000 cfu/g feed), or positive control (AGP; BMD® 50 
g/ton from 0-35 d and Stafac® 20 g/ton from 35-42d) diets. The purpose 
of this study was to determine if the performance of broilers fed CSP 

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



216 ABSTRACTS OF PAPERS

was similar to non-supplemented or AGP fed broilers. All feeds (0-42d) 
contained salinomycin at 50 g/ton for control of coccidiosis. Corn-soy, 
DDGS (4, 8, and 12% by phases), and meat/bone meal (4% in all phases) 
diets in mash form were fed on an amount/bird basis of 0.68 kg, 1.36 kg, 
and ~2.2 kg (1.5 lb, 3.0 lb, and ~4.8 lb) of starter, grower and finisher 
feed, respectively. There were 10 pens of 30 straight-run chicks (Cobb 
500) for each of the 5 treatment groups. Stocking density based on pen 
size was 0.0622 m2/chick (0.67 ft2/chick). An equal amount of previ-
ously used litter was weighed and placed into each pen on 7d. One-way 
ANOVA was used with LSD (p=0.05) when F value had p≤0.05. Treat-
ment groups were 1) nCON, 2) 1x CSP, 3) 1.5x CSP, 4) 2x CSP and 
5) AGP. The 18d BW had statistical groupings least to greatest of AGP, 
CSP, and nCON (p<0.001). From 21-42d, all other groups had heavier 
BW than nCON. The 42d BW were, respectively, 4.388b, 4.746a, 4.768a, 
4.839a, and 4.750a. The 18d and 42d feed conversion ratios (FCR), and 
21-42d feed/gain ratios, were significantly better in all other groups than 
nCON (p<0.001). Non-adjusted 42d FCR were, respectively, 2.100c, 
1.987b, 1.961ab, 1.930a, and 1.935ab ; mortality-adjusted FCR (MAFCR) 
at 42d were, respectively, 2.069c, 1.965b, 1.931ab, 1.920a, and 1.927ab . The 
42d mortalities were low (1.33-2.67%) and not significantly different by 
treatment (p=0.670). Final 42d data presented CSP (1x, 1.5x and 2x) fed 
broilers with heavier (p<0.05) BW and lower (p<0.05) FCR than nCON 
broilers; and CSP (1x, 1.5x and 2x) fed broilers with similar (p>0.05) BW 
and FCR to those of AGP fed broilers. On comparing the 3 CSP levels 
the BW between the 3 groups were not different (p<0.05) while FCR of 
1x CSP was less efficient (p<0.05) than 2x CSP with the 1x CSP group 
intermediate (p>0.05). 

Key Words: Broilers, BMD, Calsporin, dose-response, virginiamycin

M83 Effect of Bacillus amyloliquefaciens CECT 5490 on T cell 
activation and Salmonella Enteritidis control in broilers Alvaro Ortiz*1, 
Mariana Lourenço2, Elizabeth Santin2, Flavio Alves3, Juliano Vittori3, Juan 
José Mallo1 1NOREL S.A., Madrid, Spain; 2Federal University of Paraná, 
Curitiba, Brazil; 3Btech Tecnologias Agropecuárias, São Paulo, Brazil
The control of Salmonella occurrence and spread is essential to ensure the 
safety of chicken products. Biosecurity practices are the most important 
mechanism to prevent Salmonella in broiler flocks, associated with other 
tools like probiotics, aiming to control Salmonella infections by competi-
tive exclusion and immune modulation effects. An experiment was car-
ried out to evaluate the effect of probiotics on Salmonella Enteritidis (SE) 
contamination and mucosa immune response of broiler challenged orally 
with 108cfu/mL of SE at 7 days. Twenty five one-day-old male broilers 
(Cobb 500) were housed from 1 to 35 days in 2 groups: a Positive Control 
(PC, birds challenged by SE); and Probiotic (PRO, birds supplemented 
with 100 g/ton of Bacillus amyloliquefaciens ECOBIOL PLUS®, Norel 
S.A., Spain, and challenged by SE). The birds were housed on litter, with 
water and feed ad libitum. At 21 days of age, five litter samples were 
collected from each treatment for Salmonella quantitative analysis. At 35 
days, 10 animals/treatment were aseptically euthanized and necropsied 
for the collection of the cecum used in the Salmonella analysis and count 
goblet cells and mucosal CD4+ and CD8+ cells. The data was evaluated 
by a Kruskal-Wallis test at 5% probability. The use of probiotic reduced 
significantly Salmonella counts in the litter samples (1,25x104) compared 
to the PC (6,60x104). At 35 days, the microbiological analysis showed 
significant reduction in cecum between PRO (0,90x 104) an the PC 
(77,97x104) groups. Birds supplemented with PRO showed a significant 
reduction on goblet cells and CD8+ cells and no difference in CD4+ on 
cecum, when compared to PC (2,80; 19,87 and 13,13 vs. 4,30; 23,20 and 
13,80, respectively). Bacillus amyloliquefaciens-based probiotic in broil-
ers challenged with Salmonella Enteritidis allows a significant reduction 
on the incidence of Salmonella contamination on litter and cecum and 
reduction in CD8+ and goblet cell on cecum mucosa.

Key Words: Bacillus amyloliquefaciens, Salmonella, gut immunity, pro-
biotic, control

M84 Effects of deoxynivalenol on selected parameters of health 
performance in broiler chickens and the efficacy of a mycotoxin 
counteracting feed additive Karin Naehrer*1, Ursula Hofstetter1, Khaled 
Ghareeb2, Wageha A. Awad3, Josef Böhm2 1BIOMIN Holding GmbH, 
Herzogenburg, Austria; 2Institute of Animal Nutrition and Functional Plant 
Compounds, Department for Farm Animals and Veterinary Public Health, 
University of Veterinary Medicine, Vienna, Austria; 3Clinic for Avian, 
Reptile and Fish Medicine, Department for Farm Animals and Veterinary 
Public Health, University of Veterinary Medicine, Vienna, Austria
There are more than 400 different mycotoxins worldwide with trichothe-
cenes (type A e.g., T-2 toxin, diacetoxyscirpenol and type B e.g., deoxyni-
valenol, nivalenol) forming the largest group among them. The most 
important source of trichothecenes contamination in cereal grains today 
is the Fusarium head blight, which is primarily caused by type-B tricho-
thecene producers. Due to its worldwide distribution in cereal grains as 
a common contaminant in animal feed, deoxynivalenol (DON) is one of 
the most important mycotoxins in the trichothecenes group. 

A trial was conducted with the aim to evaluate the efficacy of a myco-
toxin deactivating product (Mycofix® Select, MSE) in broiler diets to re-
duce the adverse effects of DON on the different parameters evaluated. A 
total of 40 one day old broiler chicks were obtained from a commercial 
hatchery and were reared in battery cages for 5 weeks. Birds were ran-
domly divided to 4 different groups (10 birds per group) and fed one of 
the following diets: 1 - basal diet; 2 - basal diet contaminated with 10 mg 
DON/kg feed; 3 - basal diet contaminated with 10 mg DON/kg feed and 
supplemented with MSE (2.5 kg/ton of feed); 4 - basal diet supplemented 
with MSE only (2.5 kg/ton of feed).

Contamination of broiler diet with DON relatively altered the body 
weight (BW), BW gain and daily BW gain of broiler chickens. In ad-
dition, DON induced DNA damage of blood lymphocyte and produced 
lipid peroxidation and oxidative stress of jejunal tissue. Impaired plasma 
concentration of cytokine; tumor necrosis factor (TNF α) and a decreased 
immune response to viral vaccine (against IBV) suggesting an impair-
ment of the immune functions of broilers were noticed in the group fed 
a diet supplemented with DON. Addition of a mycotoxin counteracting 
feed additive to DON contaminated diet counteracted these adverse ef-
fects of these mycotoxin. To counteract the effects of mycotoxins, apply-
ing an effective and long-standing mycotoxin risk management approach 
to minimize losses arising from the presence of these mycotoxins in ani-
mal feeds is crucial.

Key Words: mycotoxins, deoxynivalenol, broiler

M85 Effects of dietary supplementation of microalgae on growth 
performance, immunity and fatty acid profile of broiler chicks Lizza 
Macalintal*1, Tuoying Ao1, Anthony Pescatore2, Austin Cantor2, Becky 
Timmons1, Carrie Conn1, Mike Ford2, Karl Dawson1 1Alltech-University 
of Kentucky Nutrition Research Alliance, Nicholasville, KY; 2Alltech-
University of Kentucky Nutrition Reaserch Alliance, Lexington, KY; 
2Alltech-University of Kentucky Nutrition Research Alliance, Lexingotn, 
KY; 2Alltech-University of Kentucky Nutrition Research Alliance, 
Lexington, KY
The long chain n-3 fatty acids, particularly docosahexaenoic acid (DHA, 
22:6), are very important in the structure and function of cellular mem-
branes. Studies indicate that DHA provides unique properties to the lipid 
bilayer of cell membranes and contributes to membrane plasticity, flu-
idity and permeability. These properties play a direct role in a variety 
of cellular and multicellular processes, including inflammation and im-
munity. Microalgae contain high amounts of omega-3 fatty acids (FA), 
particularly DHA. A trial was conducted to evaluate the effects of adding 
graded levels of microalgae, Schizochytrium sp (SP-1, Alltech, Inc.) to 
broiler diets on growth performance, humoral immunity and FA profile of 
fat tissue. Using 10 replicate pens of six chicks each per treatment, chicks 
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were fed corn-soy diets containing 0, 0.5, 1.0 or 2.0% SP-1 for 28 days. 
Chicks were grown in an environmentally controlled room with feed and 
water provided ad libitum. At day 21, abdominal fat pads were collected 
from six chicks per treatment for FA analysis. At 7 and 21 days of age, 12 
chicks from each treatment groups were intravenously injected with 1ml 
of 7% sheep red blood cells (SRBC). Blood samples were collected at 7, 
14 and 21 days post primary SRBC injection for anti-SRBC hemaggluti-
nation assays. The addition of SP-1 did not affect the feed intake, weight 
gain and gain:feed through 21 days of growth. Linear increases (P<0.01) 
in the concentrations of DHA, eicosapentaenoic acid and total omega-3 
FA in the abdominal fat were observed with SP-1 supplementation. Total 
antibody production was increased after 7 (P < 0.001), 14 (P = 0.07) and 
21d (P = 0.09) post primary SRBC injection. Higher IgM titers persisted 
through 14 days post primary injection for those chicks fed diets with 
SP-1. At 7 days post secondary (or 21d post primary) SRBC injection, 
IgG titers were higher (P<0.01) for the chicks supplemented with SP-1. 
These results indicate that dietary supplementation of SP-1 can enrich the 
omega-3 FA deposition in fat tissue and enhance the immune response of 
broiler chicks. 

Key Words: Microalgae, DHA, fat pad, immunity, broiler chicks

M86 Growth and meat yield responses of Hubbard × Cobb 500 male 
broilers fed diets formulated with distiller’s dried grains with solubles 
varying in ether extract content and inclusion rate from 1 to 33 days of 
age W. A. Dozier, III*, J. B. Hess Auburn University, Auburn, AL
An experiment was conducted to evaluate the effects of diets contain-
ing low, moderate, and high oil distiller’s dried grains with solubles 
(DDGS) included at moderate and high inclusion rates fed to Hubbard 
× Cobb 500 broilers from 1 to 33 d of age. Three sources of DDGS had 
ether extract contents of 6.06, 8.80, and 11.59%, on DM basis, for low 
(L-DDGS), moderate (M-DDGS), and high (H-DDGS) oil DDGS, re-
spectively. Diets were formulated to contain corn, soybean meal, animal 
protein meal, and 1 of the 3 DDGS sources at either 5, 7, and 9% (moder-
ate inclusion rate) or 8, 10, and 12% (high inclusion rate), respectively 
in the starter (1 to 14 d), grower (15 to 25 d), and finisher (26 to 33 d) 
periods. Apparent MEn and digestible amino acid values of the 3 DDGS 
sources used in formulation were determined from previous research at 
our laboratory. One thousand five hundred (25 per pen; 0.09 m2 per bird) 
broiler chicks were randomly distributed to 60 floor pens (10 replicates 
per treatment). Dietary treatments were provided as a 3 × 2 factorial ar-
rangement with DDGS source (L-DDGS, M-DDGS, and H-DDGS) and 
inclusion rate (moderate and high) being the main factors. Diets vary-
ing in DDGS source did not alter BW gain of broilers throughout ex-
perimentation or 1 to 14 and 1 to 33 d feed conversion. Broilers fed diets 
formulated to the moderate inclusion rate of DDGS (P ≤ 0.001) grew 
faster and more efficiently from 1 to 25 and 1 to 33 d than birds provided 
diets containing the high inclusion rate of DDGS. Significant interactions 
(P ≤ 0.02) were noted for 1 to 25 d feed conversion, carcass yield, total 

breast meat yield, wing yield, and abdominal fat percentage. Broilers fed 
diets containing H-DDGS with the moderate inclusion rate had superior 
1 to 25 d feed conversion, carcass yield, total breast meat yield, and less 
abdominal fat compared with the other dietary treatments. These data 
indicated that increased inclusion rate of DDGS had a more pronounced 
effect than DDGS source on growth performance and processing yields 
of broilers from 1 to 33 d of age. 

Key Words: broiler, distiller’s dried grains with solubles, ether extract

M87 Effects of a phytogenic feed additive on performance in male 
turkeys Leopold Jungbauer*, Karola Renate Wendler Delacon Biotechnik 
GmbH, Steyregg, Austria
The objective of this study was to investigate the effects on performance 
of male turkeys of a phytogenic feed additive (Biostrong 510, Delacon 
Biotechnik GmbH, Austria) added at different dosages during the first 35 
days in a 92 day feeding trial. A total of 270 male Big 6 Aviagen turkeys 
were randomly allotted to three dietary treatments. Each treatment was 
replicated nine times with ten turkeys per replication. Birds were fed a 
corn-soy basal diet without additives (Control) or the basal diet supple-
mented with 150 mg/kg Biostrong 510 from day 1 to 92 (T1) and 300 
mg/kg from day 1 to 35 followed by 150 mg/kg through day 92 (T2). 
Dietary nutrient levels met the breeder’s recommendations. Diets were 
fed in mash form and were available ad libitum. Data were analyzed by 
GLM procedure of SAS for Windows and Tukey test. 

On day 92 control birds had a body weight of 9,980 g. The addition of 
Biostrong in T1 significantly (P=0.033) increased body weight by 3.3%. 
The increased dosage during the first 35 day in T2 additionally enhanced 
body weight by 196 g (1.9%) compared to T1 (P=0.188). 

Daily weight gain (DWG) of birds in the control was 96.1 g/d. The ad-
dition of Biostrong in T1 and T2 significantly increased DWG by 4.4% 
(P=0.013) and 5.4% (P=0.004), respectively. Feed conversion ratio tend-
ed to be improved (P=0.092) from 2.33 feed/gain (control) to 2.30 feed/
gain in T1 and T2.Daily feed intake was slightly increased through the 
addition of BSG from 224 g/d to 231 g/d in T1 and 232 g/d in T2. 

From day 1 to 35 no significant differences between the groups were ob-
served. Significant effects of Biostrong on DWG were found from day 36 
to day 63. From day 64 to 92 DWG was significantly enhanced from 164 
g/d in the control to 168 g/d in T1 (P=0.192). The addition of Biostrong in 
T2 tended to increase DWG compared to T1 (P=0.080) and significantly 
increased DWG compared to the control (P=0.004) 

Overall, the addition of Biostrong510 in turkey diets significantly im-
proves growth rate and final body weight. From this trial it can be con-
cluded that increasing the dosage of Biostrong 510 during the first 35 
days in turkey diets shows slightly better effects compared to the standard 
dosage. 

Key Words: Turkeys, Biostrong, Performance, Phytogenic

Physiology/Pathology/SCAD III

T88 Evaluation of markers for enteric inflammation after oral 
administration of dextran sodium sulfate in chickens Vivek Kuttappan*, 
Eduardo Vicuna, Olivia Faulkner, Juan Latorre, Anita Menconi, Jessie 
Hargis, Amanda Wolfenden, Guillermo Tellez, Billy Hargis, Lisa Bielke 
University of Arkansas, Fayetteville, AR
Gut inflammation is a cardinal event occurring in various gastrointes-
tinal diseases regardless of etiology. A potential mechanism of action 
for antibiotic growth promoters and probiotics is alleviation or attenu-
ation of such inflammation. In vivo inflammation models and markers 
to quantify changes in inflammation, such as tight junction function, are 
necessary tools in the search for methods to reduce enteric inflammation. 

Dextran sodium sulfate (DSS) and markers were evaluated for induction 
and assessment of enteric inflammation in broilers. An initial study com-
pared the effects of DSS by oral gavage (OG) for 2d and drinking water 
(DW) administration of DSS for 3d. At 3d of age, birds were randomly 
assigned to either an OG group (control or no DSS, 0.45g, 0.67g, and 
1g of DSS/day/bird), or DW group (control, 1% and 1.25% DSS). All 
chicks received an OG of fluorescein isothiocyanate dextran (FITC-d; 
3-5 kDa) 2.5h before killing and blood samples were collected for pas-
sage of FITC -d. Increasing the dose of DSS elevated mortality and de-
creased BWG in all groups. Plasma FITC-d levels showed an increasing 
trend with higher DSS dosage, however increases were only marginal 
with DW administered DSS compared to control. In another experiment, 
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feed withdrawal was evaluated for its effects on DSS-related morbidity, 
Salmonella Hiedelberg (SH) infection, and FITC-d passage after oral ga-
vage in 3 day old chicks. Blood, duodenum, ileum, ceca and cecal tonsils 
were collected to determine serum opacity as well as FITC-d concentra-
tion, recovery of FITC-d from different regions of GIT, and SH recovery. 
DSS with feed challenge affected (P<0.05) serum opacity and FITC-d 
levels. The amount of FITC-d remaining in cecal tissue of control birds 
was higher (P<0.05) than that of DSS treated birds, suggesting difference 
in gut passage. In addition, DSS increased SH recovery in cecal tonsils. 
In conclusion, DSS when administered by OG with feed could induce 
leaky gut, which changes serum opacity, migration of FITC-d from GIT, 
and increased recovery of SH from cecal tonsils. Further studies to refine 
markers and determine their relation to GIT functionality are warranted.

Key Words: dextran sulfate sodium, FITC-d, Salmonella, serum opacity, 
gut inflammation

T89 Actigen, Natustat, or BMD administered in the feed for the 
Reduction of Necrotic Enteritis caused by Clostridium perfringens in 
Broiler Chickens Greg Mathis*1, Brett Lumpkins1, Ted Sefton2, W.D. King2 
1Southern Poultry Research, Inc., Athens, GA; 2Alltech, Inc., Nicholasville, 
KY
This study assessed the feeding of Actigen, Natustat, or BMD on perfor-
mance and reduction in Necrotic Enteritis (NE) of broilers subjected to 
a Clostridium perfringens (CP) challenge. Actigen is composed of man-
nose rich fractions from the cell wall of a specific strain of yeast (MRF). 
Natustat is an all natural blend product containing organic minerals, plant 
extracts, and at least one yeast-derived mannoligosaccharide. BMD is 
Bacitracin methylene disalicylate a Type A medicated article of a class of 
feed additives referred to as antibiotic growth promoters. A 42 day floor 
pen trial was run on built-up litter. The trial used a randomized complete 
block design. The data was analyzed with a P value of 0.05 to determine 
the level of significance. Cobb X Cobb 500 male broiler chicks were 
vaccinated for coccidia at hatch and then randomly assigned to 40 pens 
(8 blocks). Each pen contained 50 chicks/pen with 0.93 sq. ft per chick. 
A three phase dietary program was used based on commercial feed for-
mulation standards; starter (ST) d0-20, grower (GR) d20-35, and finisher 
(FIN) d35-42. Bird weights and feed consumption were measured on d 
20, 35, and 42. Treatments were 1. and 2., no feed additives, 3. Actigen 
(ACT) (800 g/t), 4. Natustat (NAT) (908 g/t),and 5. BMD (50 g/t). On 
d18, 19, and 20 all birds except T1 (no additive no CP) were dosed with 
a C. perfringens at 1.0 X 108-9. On d20, five pre-selected birds were ex-
amined for the degree of NE lesions. A moderate NE infection developed 
with 18 % NE mortality in the T2 (no additive, CP challenged group). 
All feed additives reduced the clinical effects of the C. perfringens with 
significantly lowering NE mortality (ACT 12%, NAT 8 %, and BMD 
6%). The performances on d20, 35, and 42 for all feed additive birds both 
weight gain and FCR were significantly improved compared to T2. On 
d42 there was no significant weight gain difference among feed additive 
treatments. FCR for ACT and BMD were not significantly different. This 
study demonstrated the benefit of feeding Actigen, Natustat, or BMD. All 
of the feed additives reduced NE, and improved performance, leading to 
improved bird health and economic return. 

Key Words: Actigen, Natustat, BMD, Enteritis, Clostridium

T90 Evaluating factors influencing the effectiveness of a necrotic 
enteritis challenge model in broiler chickens Mojtaba Yegani*1, Greg 
Page2, John Brennan2, Ewen McMillan2 1Nutreco Canada, Burford, ON; 
2Nutreco Canada, Guelph, ON
Necrotic enteritis (NE) challenge models have been used as an impor-
tant tool in investigating the efficacy of different technologies against this 
disease in broiler chickens. Reproducibility of NE in these models can 
be influenced by a wide array of factors including diet composition and 
characteristics of the model. The objective of this study was to evaluate 

the impact of dietary factors (Nicarbazin and pork meal) and inoculum 
characteristics (Clostridium perfringens (CP) strain, incubation time of 
inoculum, and duration of inoculum administration) on growth perfor-
mance, ileal CP counts, and NE-related lesions and mortality in chal-
lenged birds. Non-vaccinated (coccidiosis) Ross 308 male broiler chicks 
were randomly assigned to 64 pens (18 birds per pen) in a half fractional 
factorial arrangement (25-1) with 4 replicates per treatment in a 20 day 
study. Dietary Nicarbazin reduced growth (-19.8%; P < 0.001), increased 
FCR (+10.5%; P < 0.001), D17 lesion scores (+0.55; P = 0.005), D17 
ileal CP counts (+1.15 Log10CFU/g; P = 0.034), and total mortality 
(+4.0%; P = 0.038). Dietary inclusion of pork meal reduced growth per-
formance (-5.9%; P < 0.001), increased D20 lesion scores (+0.30; P = 
0.067), D17 and D20 ileal CP counts (+1.05-1.18; P < 0.050), and tended 
to increase NE-related mortality (+1.9%; P = 0.091). Using a highly 
pathogenic CP strain only significantly reduced body weight (-2.6%; P = 
0.027), increased FCR (+2.2%; P = 0.012), D17 ileal CP counts (+1.36; 
P = 0.012), and NE-related and total mortality (+15.5-16%; P < 0.001). 
Incubating inoculum for 5 or 8 hours had no impact (P > 0.100) on ileal 
CP counts, NE lesion scores or NE-related mortality. Administering in-
oculum over 2 successive days reduced NE-related and total mortality 
(P < 0.001). Results of this study demonstrate that identifying influential 
factors related to diet or inoculum is of critical importance to ensure the 
repeatability of the model in inducing NE in challenged birds. 

Key Words: Necrotic enteritis, lesion scores, mortality, growth perfor-
mance

T91 Necrotic enteritis development when using a Clostridium 
perfringens isolate containing the toxin genes TpeL and NetB Ken 
Macklin*1, James Krehling1, Matthew Bailey2, Nathan Frazier1, Edwin 
Moran1 1Auburn University, Auburn, AL; 2Purdue University, West 
Lafayette, IN
Necrotic enteritis (NE) is an important gastrointestinal disease effecting 
broilers worldwide. Traditional models for experimental induction of the 
disease involve traumatizing the intestine. This is performed either by 
having a concurrent coccidia challenge or by feeding the birds a diet con-
taining either difficult to digest or abrasive feedstuffs. In recent years two 
genes (netB and tpeL) in Clostridium perfringens have become implicit 
in either causing the disease or in increasing the pathogenicity of the Cl. 
perfringens isolate. The objectives of this study was to determine if a Cl. 
perfringens isolate containing both netB and tpeL genes can induce NE. 

To determine if Cl. perfringens can induce NE, 720 male Ross 708s were 
weighed and randomly distributed into 36 battery pens (20/pen). Birds in 
these pens were feed a standard corn-soy diet with no antibiotics added 
to the feed. On day 13, three birds per pen were removed with the re-
maining birds and the feed being weighed. Also at this time cages were 
blocked into one of four treatments (9 replicates/treatment). The treat-
ments were: oral challenge with 109 cfu of the selected Cl. perfringens 
isolate (HI), oral challenge with 106 cfu of the Cl. perfringens (LO), chal-
lenge with water (sham), and no challenge (NC). Cages were blocked to 
minimize cross contamination between the challenge groups. Birds were 
challenged on days 14, 15 and 16 with the above-mentioned treatments. 
On day 20, birds and feed were weighed; birds were then euthanized, 
necropsied and NE lesions scored. Collected data was then analyzed us-
ing GLM and any significant differences (P<0.05) were further separated 
using Tukey’s Multiple Comparison Test.

There were no significant differences in mortality, though the HI treat-
ment had 4 mortalities while the other 3 treatments had one each. Though 
not statically significant, adjusted feed conversion ratio (AFCR) was 1.60 
for both HI and LO treatment while sham and NC had AFCR of 1.57 
and 1.56, respectively. Treatments HI (50.70%) and LO (42.12) had sig-
nificantly (P<0.01) more birds with typical NE lesions then either sham 
(6.06) or NC (3.13). The results from this study show that induction of 
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mild NE is possible on a corn soy diet when birds are challenged with a 
netB, tpeL containing Cl. perfringens. 

Key Words: Necrotic enteritis, Clostridium perfringens, Chicken

T92 Cell death in healthy hens, leukocytes that challenge 
interpretation of the standard differential count Paul Cotter* Cotter 
Laboratory, Arlington, MA
Many types of dead or dying cells were identified by light microscopy of 
Wright stained peripheral blood films from healthy hens. Granulocytes 
and lymphocytes had features suggestive of apoptosis, autophagocyto-
sis, oncosis, pyroptosis, and necrosis. Dead, dying or atypical cells were 
associated with polymicrobial bacteremia, the presence of multiple mi-
crobes in blood. The objectives are to illustrate examples of atypical 
cells. The importance of these observations relates in part to the use of 
blood analysis as a stress measure, especially in determining and inter-
preting heterophil/lymphocyte (H/L) ratios. Methods: differential counts 
using a minimum of 200 cells sorted into categories: small and medium 
lymphocytes, typical, variant, and classic heterophils, monocytes, baso-
phils, blast cells, and eosinophils. Cyanophils, a recently described avian 
granulocyte were also included, and some atypical forms were detected. 
When an atypical leukocyte was found, it was further sorted as, injured 
or dying, and assigned to the categories as stated above. Results: Atypi-
cal heterophils with pyknotic nuclei, azure cytoplasmic backgrounds, and 
degraded granules were common. Swollen (oncosis) heterophils having 
intact or degraded nuclear membranes and cytoplasmic membrane (bleb-
bing) were frequent. Granulocyte nuclei could be condensed (pyknotic) 
fragmented (karyorrhexis) or partially dissolved (karyolysis). These ob-
servations indicate the existence of a degenerative series beginning with 
nuclear condensation, progressing to fragmentation, and finally passage 
into dissolution. Some granulocytes appeared to undergo death via liq-
uefaction of cytoplasmic granules, but they retained an intact nucleus. 
Conclusion: These observations imply the complexities of standard 
differential counts. Moreover, atypical forms suggest the occurrence of 
cryptic abnormal physiologic events. Lastly, PMB is more widespread 
than realized, and is associated with atypical leukocytes and cyanophils.

Key Words: atypical leukocytes, cyanophils, poly-microbial bacteremia

T93 Comparison of Reovirus challenge viruses S-1133 and Variant 
Group-1 in two commercial broiler flocks with different maternal 
immunity levels Kalen Cookson*1, John Dickson1, Jonathan Schaeffer1, 
Holly Sellers2 1Zoetis Global Poultry, Durham, NC; 2University of Georgia, 
Athens, GA
A significant increase in reovirus tenosynovitis cases occurred in several 
broiler producing geographic regions in the United States starting in the 
winter of 2011-12. Sequencing of the S1 gene has demonstrated that this 
group of reoviruses, known as Variant Group-1 (VG-1), are less than 50% 
homologous to commercial vaccine strains such as S-1133. While in ovo 
studies have shown limited efficacy against VG-1, a comparison of broil-
er flocks with different maternal antibody profiles has not been reported.

Study Design: 400 Cobb-500 chicks from 2 breeder flocks were raised 
separately on fresh shavings until 5 days of age, when birds were wing-
banded, bled, challenged and co-mingled 25 per flock into floor pens. 
Four rooms, each containing 2 replicate pens, were devoted to the fol-
lowing challenge treatments: None (saline foot pad injection), S-1133 via 
foot pad (FP), VG-1 (FP) and VG-1 via intra-tracheal inoculation (IT). 
Body weights and foot pads were measured every 3 days until birds were 
posted at 21 days. Serum was tested for reovirus antibodies using Idexx 
ELISA. Statistical analysis (p≤ 0.05) was only applied between flocks 
within each challenge treatment.

Results: Flock A had a 5-day ELISA geometric mean titer (GMT) of 
1,539 compared to 1,038 for Flock B. Flock A had significantly higher 
21-day weight gain (4.3%) than Flock B after VG-1 IT challenge. Foot 

pads were thicker in challenged groups but no differences were seen be-
tween flocks or reovirus strains. At necropsy, the most notable findings 
were digital flexor tendon swelling and hydropericardium. Tendon swell-
ing incidence increased in the following order: S-1133→VG-1 (FP)→VG-1 
(IT). The incidence of swelling was also consistently higher in Flock B. 
The incidence of hydropericardium in FP reovirus groups was low (8-
12%) compared to VG-1 IT challenged groups (40-46%).

Discussion: Flock A reovirus GMT was approximately 50% higher than 
Flock B. Flock A’s higher weight gain after VG-1 IT challenge was the 
only significant finding between flocks. While there have been numer-
ous field reports of vertical shedding of VG-1, the high incidence of hy-
dropericardium (43%) and tendon swelling (80%) in the IT challenged 
group shows that VG-1 is also quite infectious via horizontal exposure. 
VG-1 by foot pad caused 100% higher incidence of tendon swelling than 
S-1133 (54% vs. 27%). However, Flock A had lower rates than Flock B 
(by 31% and 14%) against S-1133 and VG-1, respectively. In conclusion, 
a properly chosen autogenous vaccine may be the most effective way to 
protect against VG-1 challenge, but this study suggests that higher “clas-
sic” antibodies can also provide a moderating benefit.

Key Words: Reovirus, Variant, Broilers, Protection, ELISA

T94 Single immunization with a synthetic protein constructed from 
conserved amino acids in the hemagglutinin stalk does not confer 
protection against challenge with H5N1 Highly Pathogenic Avian 
Influenza virus Kateri Bertran*1, Arik Ryvkin2, Mariana Sá e Silva1, 
Jonathan M. Gershoni2, David E. Swayne1 1Southeast Poultry Research 
Laboratory USDA/Agricultural Research Service, Athens, GA; 2Tel Aviv 
University, Tel Aviv, Israel
Avian influenza (AI), especially high pathogenicity AI (HPAI), is an eco-
nomically devastating disease that has a profound impact in the poultry 
industry. To date, vaccination of infected flocks is one of the most ef-
fective tools in controlling and managing HPAI outbreaks, but current 
vaccines have limited cross protection, and thus, need to match to hemag-
glutinin subtype of circulating field isolates. The development of a uni-
versal cross neutralizing highly protective AI vaccine would represent a 
striking achievement in controlling AI. In this study, a synthetic peptide 
vaccine candidate based on a reconstituted conserved region of stalk re-
gion of the hemagglutinin antigen H5 was tested in vivo. Chickens were 
immunized with maltose binding protein (MBP)-C300 recombinant re-
constituted from a Vietnam 2004 H5N1 HPAI virus (clade 1) and chal-
lenged with two Egypt 2010 H5N1 HPAI viruses (clade 2.2.1). Protection 
was assessed by examining for serological response and any reduction in 
morbidity and mortality or oropharyngeal and cloacal shedding following 
challenge with H5N1 HPAI viruses. No clinical protection was achieved 
among vaccinated birds, which experienced 100% mortality with a mean 
death time of 2.6 to 5.2 days post-challenge, similarly to those in sham 
vaccinated birds. The present study indicates that a single vaccination 
with a recombinant reconstituted conserved epitope from the surface of 
the hemagglutinin H5 does not confer protection against challenge with 
H5N1 HPAI virus. However, further experiments are planned to assess 
the impact of a second or third immunization with the vaccine to confer 
protection against H5N1 HPAI virus challenge, or the potential use of 
these vaccines to protect against low pathogenicity AI (LPAIV) viruses.

Key Words: Avian influenza, H5N1 HPAIV, Vaccine

T95 Role of Poultry in the H7N9 Influenza Outbreaks in China Mary 
Pantin-Jackwood USDA-ARS, Athens, GA
The outbreaks of H7N9 influenza in China in spring 2013 resulted in 
many human cases with a high fatality rate. Poultry were suspected as 
the source of infection based on sequence analysis and virus isolations 
from live poultry markets (LPM). The original source of the virus from 
poultry farms is unknown but the LPM system served as an amplifier of 
the virus, with 77% of human cases having known contact with live poul-
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try at a retail markets. What was not clear was which species of birds in 
these LPM’s were most likely to be infected and shedding sufficient lev-
els of virus to infect humans. Intranasal inoculation of chickens, turkeys, 
Japanese quail, pigeons, Pekin ducks, Mallard ducks, Muscovy ducks, 
and Embden geese with 106 EID50 of the A/Anhui/1/2013 H7N9 virus 
resulted in infection but no clinical signs. Virus shedding in quail and 
chickens was much higher and prolonged than in the rest of the species. 
Quail effectively transmitted the virus to direct contacts but pigeons and 
Pekin ducks did not. In all species virus was detected at much higher 
titers from oropharyngeal swabs than cloacal swabs. The HA gene from 
samples collected from infected chickens and quail were sequenced to 
examine for changes in the virus after passage in these species. We deter-
mined that the inoculum had virus subpopulations that were selected after 
passage in birds. The H7N9 virus outbreak clearly had an important poul-
try component based on the sequence analysis and epidemiology of the 
virus, and these experimental studies corroborate that poultry species are 
important reservoirs of the virus. The high viral shedding from chickens, 
turkeys, quail and Muscovy ducks create a likely source of infection for 
humans; however under the right circumstances (stress, immunosuppres-
sion), all species examined could be a source of the virus. The high levels 
of viral replication in the upper respiratory tract and much lower levels in 
the intestinal tract is characteristic of poultry-¬-adapted influenza viruses, 
and consequentially testing of bird species should preferentially be con-
ducted with OP swabs for best sensitivity. As the H7N9 virus continues to 
circulate in poultry changes, including both mutations and possible reas-
sortment with other influenza viruses, are expected to occur. Continuous 
monitoring of influenza viruses in poultry is essential for prevention of 
future outbreaks.

Key Words: H7N9 Influenza

T96 Histopathological and morphometric changes induced by a 
dextran sodium sulfate (DSS) model in broilers A. Menconi*SC1, X. 
Hernandez-Velasco2, V. Kuttappan1, E. Vicuna1, J. Hargis1, G. Tellez1, 
O. Faulkner1, A. Wolfenden1, L. Berghman3, B.M. Hargis1, L. Bielke1 
1University of Arkansas, Fayetteville, AR; 2Universidad Nacional 
Autonoma de Mexico, Mexico City, Mexico; 3Texas A&M University, 
College Station, TX
Oral administration of DSS is commonly used as an inducer of enteric in-
flammation in rodents. However, there is a dearth of knowledge regarding 
appropriate dosage, timing or age-responses in broilers for this potential 
inducer of inflammation without necrosis. The present objective was to 
evaluate clinical parameters and enteric histological changes induced by 
DSS when administered via drinking water (DW) in two experiments. In 
both experiments, day-of-hatch chicks were distributed into non-treated 
control or 0.75% DSS in DW. In Exp 1, chicks received DSS from d3-11. 
At d6, 9, and 11 (3, 6, and 8d of treatment), chicks were weighed, and 
sections of duodenum and ceca were formalin fixed. Addition of 0.75% 
DSS in DW caused depression, anemia, and watery bloody diarrhea, plus 
significantly (P<0.05) decreased BW at all times. Histological manifesta-
tions of the ceca included alteration of epithelial structure, loss of crypt 
architecture, inflammatory cell infiltration, hemorrhage in lamina propria 
and epithelial cells, which corresponded with gross lesions of atrophy 
and blood-filled ceca. Shortened duodenal villi at d11, reduced epithelial 
cell height at d6, 9, and 11, and increased goblet cell density at d9 and 
d11 were observed in response to DSS administration (P<0.05). In Exp 
2, birds received DSS from d10-16, and were sampled on d13 and 16 (3 
and 6d of treatment). Similar changes were found in ceca of treated birds. 
There was no significant change in the duodenal villus height and goblet 
cell density by d6, suggesting that 6d of treatment was not sufficient for 
reproduction of symptoms. However, there was a significant decrease in 
duodenal epithelial cell height at d16, which corresponded to a signifi-
cant decrease in BW. These findings indicate that DW administration of 
DSS caused generalized mild and non-necrotic enteritis in broilers, and 

that this compound may be useful in enteric inflammation modeling for 
poultry.

Key Words: dextran sodium sulfate, enteric inflammation, chickens

T97 Evaluation of Progeny Protection against a Novel Reovirus 
Strain associated with Lameness and Poor Performance. Ivan 
Alvarado*1, Phil Stayer2, Erin Riley2, David French2, Holly Sellers3 1Merck 
Animal Health, Athens, GA; 2Sanderson Farms, Laurel, MS; 3University of 
Georgia, Athens, GA
Since summer 2011, an increase in clinical manifestations associated 
with early Reovirus infection have been observed in broiler breeder and 
commercial broiler flocks. Affected broiler flocks are characterized by 
suboptimal body weight, poor uniformity, increased feed conversion 
and elevated condemnations at processing. Avian Reovirus strains iso-
lated from diagnostic samples have been characterized by sequencing the 
Sigma C gene in two unique molecular groups, which differ significantly 
from commercial vaccines. 

In this study, the level of maternal antibodies in one day old progenies 
from broiler breeders vaccinated with traditional (live and inactivated) or 
traditional and autogenous inactivated vaccines containing a molecular 
variant group 1 Reovirus isolate (MG1) was evaluated. Likewise, the lev-
el of protection against clinical manifestations associated with a MG1 by 
maternally derived antibodies in progenies from breeders vaccinated with 
traditional and an autogenous MG1 inactivated vaccine was determined. 
Progenies from breeders vaccinated with and without the autogenous 
vaccines were kept in isolation units during the duration of the study. At 
12 days of age, challenged groups were inoculated in the footpads with 
10 4 EID 50 of a MG1 per bird (isolate identified as 94594 strain). Protec-
tion parameters included body weight (1 and 42 days of age), lameness 
and mortality (recorded daily) and measurement of hocks/tendons at 12 
and 42 days of age. A significant increase in antibody titers (ELISA) was 
observed in broiler breeders vaccinated with an autogenous inactivated 
vaccine and their progenies. 

Key Words: Reovirus, Sigma C gene, Lameness, Autogenous vaccine

T98 Processing measure of novel reovirus infection in US broilers 
Randi Clark*UG1, Phil Stayer2, Erin Riley2, Robert Wills3 1William Carey 
University, Hattiesburg, MS; 2Sanderson Farms, Laurel, MS; 3Mississippi 
State University, Mississippi State, MS
A house of Ross 708 broilers was diagnosed with a novel reovirus in-
fection during their fourth week of life and grown to final processing 
age at nine weeks. The typical clinical presentation of this novel reovi-
rus includes swollen hocks and splay legs due to tenosynovitis and viral 
arthritis, especially in commercial broilers, but little has been reported 
about the effects seen at processing. This study was conducted to see 
what lingering effects of novel reovirus infection would be present at 
processing. Six samples, of five minutes each, were taken on the evis-
cerating line during processing of affected and unaffected houses of the 
same farm. Samples were spaced throughout the entire lot to cover the 
full length of the house. The observer recorded occurrences of fibrosed 
tendons, acute and chronic ruptures, and skips in the line throughout the 
five minute intervals. Results showed that the affected house presented a 
slight increase in acute and chronic ruptures, but no significant elevation 
in fibrosed tendons was noted. However the trim from each house was 
weighed separately and the affected house yielded 1,000 more pounds of 
trim than sister unaffected houses. The average weight from the affected 
house was also a pound lighter than all other houses from the farm.

Key Words: reovirus, tenosynovitis, viral arthritis, processing, ruptures
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T99 Evaluation of chicken induced pluripotent stem cells as an in-
vitro system for avian infectious bronchitis virus Brian Jordan*, HaJung 
Roh, Rachel West, Franklin West, Steven Stice, Mark Jackwood The 
University of Georgia, Athens, GA
Avian infectious bronchitis virus (IBV) is a highly contagious gamma-
coronavirus that causes a mild to moderate but economically significant 
upper respiratory tract infection in commercial poultry. IBV virions are 
formed from four structural proteins, with the spike (S) surface glyco-
protein being the major antigen and source of genetic variability. Spike 
is also responsible for attachment and infection, but relatively little is 
actually known about the functional interaction of the virus and host cells 
at infection. IBV can only be propagated in live chickens, chicken emby-
ronated eggs, or primary cell culture, making more intricate biochemical 
assays designed to elucidate cellular protein functions difficult or impos-
sible to perform. Lack of a continuous cell line for propagation of IBV 
also restricts our abilities to develop cell culture adapted vaccines from 
virulent field strains. To this end, we sought to characterize the ability of a 
novel chicken induced pluripotent stem cell line (ciPSC) to support prop-
agation of virulent IBV field serotypes. This cell line was developed for 
transgenic chicken production, and exhibits many characteristics of early 
chicken embryo cells, which support IBV growth in-ovo. The ciPSCs 
were infected with multiple serotypes of virulent IBV and all serotypes 
could infect and replicate in culture, as evidenced by time course studies 
using qRT-PCR analysis of culture media. Electron microscopy (EM) of 
culture media post infection showed fully formed viruses and fluorescent 
antibody analysis (FA) with serotype specific IBV antisera showed cells 
in culture infected with IBV. The FA test was also used to identify sialic 
acid, the most likely IBV receptor, on the surface of ciPSCs. Finally, IBV 
was passaged in cultured cells for 10 passages to evaluate adaptability. 
Interestingly, IBV was not detected past the 4th passage. Since replication 
was detected in previous experiments, inability to passage IBV indicates 
that a problem may be occurring during the release or re-infection pro-
cess of IBV in ciPSC culture.

Key Words: ciPSC, Infectious Bronchitis Virus, Cell Culture, Sialic Acid, 
Passage

T100 Previous infection with a mesogenic strain of Newcastle Disease 
Virus prevents infection with a Highly Pathogenic Avian Influenza 
virus in chickens Mar Costa-Hurtado*, Claudio L Alfonso, Patti Miller, 
Eric Shepherd, Diane Smith, Mary Pantin-Jackwood Southeast Poultry 
Research Laboratory USDA/ARS, Athens, GA
Avian influenza virus (AIV) and Newcastle disease virus (NDV) are two 
of the most important viruses affecting poultry worldwide. Co-infections 
of poultry with AIV and NDV are a problem from both the clinical point 
of view and the diagnosis of these viruses, but little is known on the inter-
actions between these two viruses when infecting poultry. AIV and NDV 
can produce from mild to moderate upper respiratory diseases in their 

low pathogenic forms (lentogenic or mesogenic NDV and low pathoge-
nicity AIV), to severe systemic diseases with high mortality in their more 
virulent forms (velogenic NDV and highly pathogenic AIV). Our former 
co-infection studies have shown that previous infection of chickens with 
mesogenic and velogenic NDV strains can affect HPAIV replication in 
tissues, but the clinical outcome depended on the timing of the infections 
and the virulence of the NDV strain.

To further evaluate the dynamics of AIV-NDV co-infections, two and 
four-week-old specific pathogen free (SPF) white leghorn chickens 
were co-infected with a mesogenic strain of NDV(mNDV) (Pigeon 84) 
and with highly pathogenic (HP) AIV (A/chicken/Jalisco/CPA-12283-
12/2012 H7N3) by simultaneous or sequential inoculation. We observed 
that previous infection of chickens with mNDV can prevent infection 
with HPAIV 3 days later, consequently protecting against disease and 
mortality due to HPAIV. Similar protection was observed in both age 
groups. These results suggest that when mNDV has replication advantage 
is able to interfere with a second virus infection, most likely by inducing 
an antiviral state due to the activation of innate immune mechanisms that 
prevent host cells from being infected by a second virus.

In conclusion, previous infection with mNDV can interfere with HPAIV 
infection; however the timing of the infections will determine the out-
come observed. 

Key Words: Highly Pathogenic Avian Influenza, Newcastle disease virus, 
virus interference, co-infection

T101 Evaluation of homologous inactivated influenza vaccine for 
protection of chickens against the H7N9 virus isolated in Anhui, China 
during 2013 Darrell Kapczynski* USDA-ARS, Athens, GA
The recent outbreak of H7N9 in humans in China in 2013 has resulted in 
approximately 30 % mortality. The genetic composition of these H7N9 
viruses appears to be solely of avian origin. Although few isolation of 
these viruses have been demonstrated on poultry farms, the correlation 
between live bird market shut downs and reduced human infections in 
China underscores a linkage between poultry and humans. In response 
to the outbreak, vaccine efficacy trials were recently performed to de-
termine if inactivated H7N9 vaccine could increase resistance of birds 
to clinical disease and shedding of virus. A homologous H7N9 vaccine 
was formulated into an inactivated emulsion and injected at various doses 
into 3 week old SPF birds. Birds were challenged at 6 weeks of age with 
10^8 EID50 per bird delivered via intranasal route. Results demonstrate 
that at the highest dose, 512 HA units, demonstrated 100 % protection. In 
contrast, birds receiving less antigen or sham vaccination demonstrated 
10 % mortality. All vaccine groups demonstrated improved weight gain 
compared to sham vaccinated birds. Taken together, these results indicate 
that the homologous vaccine can provide protection to poultry against 
this recent H7N9 virus.

Key Words: avian influenza, vaccine, H7N9, poultry

Metabolism & Nutrition IV

T102 Broiler growth and carcass performance: The efficacy of a 
6-phytase and Rovabio in the presence of high dietary copper Robert 
Shirley*1, Cody Flores2, Mallori Williams2, Rocky Latham2, Joesph Klein2, 
Alfonso Mireles3, Jason Lee2 1Adisseo USA, Alpharetta, GA; 2Poultry 
Science Department, Texas Agrilife Research, Texas A&M System, College 
Station, TX; 3Foster Farms, Livingston, CA
This trial evaluated if 250 mg/kg of dietary copper (via CuSO4·5H2O) 
affects the efficacy of a 6-phytase (Phyzyme®) and carbohydrase (Rova-
bio® T-FLEX AP 10%; NSPase) in 0 to 41 day-old, male Cobb 500 broil-
ers. The experimental design consisted of nine dietary treatments. A posi-
tive control (PC) diet was formulated with no supplemental Cu beyond 

what was in the trace mineral premix, nor any phytase or carbohydrase. 
The negative control (NC) diet was similar to the PC; however, by ma-
nipulating the level of soy oil and sand, it contained -88 kcal AME/kg in 
the starter (0-14 days-of-age; DOA) and grower (14-28 DOA) phases, and 
-132 kcal AME/kg in the finisher phase (28-41 DOA); inorganic phospho-
rus and limestone were adjusted with phytase addition. The NC diet was 
used to create 7 additional treatments, where 500 U phytase, 250 ppm of 
Cu and 0.05% NSPase were supplemented alone or in combination. Each 
treatment was replicated 15 times, with 19 broilers per replicate. At 14, 28 
and 41 DOA, birds were weighed and feed consumption was determined 
to calculate average body weight (BW) and feed conversion ratio (FCR; 
adjusted for mortality). Meat weight and yield were determined from 5 
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broilers per pen on days 42 and 43. Treatments were equally blocked by 
day and processed following an eight hour feed withdrawal. Heat stress 
was observed in the 28 to 41-d period. Comparing the NC to the PC, 
lowering dietary energy reduced 28-d BW (p =0.028), increased FCR in 
the finisher phase and the overall 41-d grow out (p<0.001), and reduced 
both fat pad weight and yield (p<0.048). Individual supplementation of 
Phytase improved FCR in the 0-41 DOA period when compared to the 
NC (p=0.05), while Cu and NSPase supplementation resulted in numeri-
cal improvements. Compared to the NC, supplementation of Phytase, Cu, 
and NSPase in all combinations brought FCR back to that of the PC for 
the entire 0-41 grow out (p<0.001). Evaluating the main effects and in-
teractions for the three ingredients (excluding the PC), Cu improved 28-d 
BW (p=0.036); however, it had no effect on BW or FCR in the starter 
or finisher phase. Phytase and NSPase improved the FCR in the finisher 
phase by 28.8 and 18.3 points, respectively (p<0.001), while the respec-
tive improvements for the two ingredients over the entire 41-d period 
were 4.9 (p=0.001) and 3.1 (p=0.008) points. The combination of Cu 
and NSPase improved FCR in the grower phase and the 0 to 28-d period 
(p<0.025); however, it had no apparent effect in the starter or finisher 
phase. These results demonstrate that the efficacy of Phytase and NSPase 
in low energy diets is not compromised when Cu is supplemented at high 
levels in the feed.

Key Words: Phytase, Carbohydrase, Broiler, Dietary energy, Copper Sul-
fate

T103 The efficacy of a next generation microbial phytase on 
performance and bone ash of broiler chicks fed non-phytate phosphorus 
deficient corn-soybean meal based diets Megharaja Manangi*1, Beaver 
Wuelling1, Nasser Odetallah1, Mercedes Vazquez-Anon1, Arne Solbak2 
1Novus International, Inc., St. Charles, MO; 2Verenium Corporation, San 
Diego, CA
A 19 d experiment was conducted to evaluate the effect of supplemen-
tation of a next generation microbial phytase (CIBENZA® PHYTA-
VERSE™; phytase-A) and to compare against a modified E. coli phytase 
(phytase-B) in broiler chicks fed non-phytate phosphorus (npp) deficient 
corn-SBM diets. A total of 512 Ross-308 male broiler chicks were as-
signed to 8 treatments with 8 cages/treatment and 8 chicks/cage. Treat-
ments consisted of 0.23% npp, T1 (-ve control); 0.28% npp, T2; 0.33% 
npp, T3; 0.38% npp, T4; 0.45% npp, T5 (+ve control); T1+250 units of 
phytase-A/kg diet, T6; T1+500 units of phytase-A/kg diet, T7; T1+500 
units of phytase-B/kg diet, T8. Diets were formulated to have 0.93% Ca. 
All the diets were pelleted at 850 C and crumbled. Incremental levels of 
npp for T1 to T5 to set up the response curve to estimate phosphorus (P) 
equivalency values were achieved using dicalcium phosphate. End of the 
trial outcome indicated that chicks fed 250 and 500 units of phytase-A 
had similar weight gain and feed intake compared to the +ve control (T5) 
(P>0.05). Chicks fed phytase-B at 500 units/kg diet had lower (P<0.05) 
weight gain and similar (P>0.05) feed intake compared to the +ve control 
(T5). The feed conversion ratios for T6 (1.248) and T7 (1.251) were simi-
lar (P>0.05) to the +ve control (1.258), whereas for T8 the FCR (1.290) 
was significantly (P<0.01) lower compared to T6 and T7 but similar to 
the +ve control (P>0.05). The response in T1 to T5 for % tibia ash was 
linear (P<0.01) and for gram of ash per bone it was both linear and qua-
dratic (P<0.01). The P equivalency values based on % tibia ash for phy-
tase-A for 250 and 500 units/kg diet were 0.072 and 0.116%, respectively, 
and for phytase-B for 500 units/kg diet it was 0.094%. The P equivalency 
values based on gram of ash/bone for 250 and 500 units of phytase-A 
were 0.078, and 0.132%, respectively, and for 500 units of phytase-B it 
was 0.09%. In summary, the next generation microbial phytase showed 
significant improvement in utilization of phytate bound P as reflected in 
improved performance and tibia ash at tested levels. 

Key Words: Phytase, Broiler

T104 Superdoses of a novel microbial phytase improve broiler 
performance while reducing phytate and increasing inositol 
concentration in the gizzard C.L. Walk*, T.T. Santos, M.R. Bedford AB 
Vista Feed Ingredients, Marlborough, United Kingdom
An experiment was conducted to evaluate the influence of a novel micro-
bial phytase on performance, tibia ash and the content of phytate, phy-
tate esters and inositol in the gizzard of young broilers. Male, Cobb 500 
broilers (n = 1,920) were fed one of eight experimental diets: positive 
control (PC) formulated to meet or exceed nutrient recommendations, 
PC plus dicalcium phosphate (PC+DCP) formulated to provide Ca and P 
at 0.10% above the PC, PC plus 500 U/kg microbial phytase A (PC+500 
A), negative control (NC) with Ca and P reduced from the PC by 0.16 
and 0.15%, respectively, and the NC plus phytase A at 500 (NC+500 A), 
1,000 (NC+1,000 A), or 1,500 (NC+1,500 A) U/kg or phytase B at 1,000 
U/kg (NC+1,000 B). Diets were fed in crumbled form to 20 birds/pen and 
8 replicate pens/diet from d 0 to 21. On d 21, 4 birds/pen were euthanized 
for collection of right tibias and gizzard digesta was pooled for determi-
nation of tibia ash and gizzard phytate. In general, broilers fed the NC 
diet had reduced (P ≤ 0.05) feed intake (FI), BW gain (BWG) and tibia 
ash compared with broilers fed diets supplemented with phytase. Phytase 
supplementation of the NC diet improved (P ≤ 0.05) BWG and tibia ash 
such that it was comparable with the PC. Feed conversion ratio (FCR) 
was improved (P ≤ 0.05) in broilers fed the NC+1,000 A or NC+1,500 A 
compared with broilers fed the PC, PC+DCP, or NC. Phytase supplemen-
tation reduced (P < 0.05) phytate concentration in the gizzard. Inositol 
concentration in the gizzard was higher (P < 0.05) in birds fed NC+1,000 
A or NC+1,500 A compared to all other diets and this was strongly cor-
related with FCR (R = -0.53; P < 0.05) rather than tibia ash (R = 0.20; 
P > 0.05). Improvements in FCR associated with superdoses of phytase 
A may be attributed to phytate destruction and the provision of inositol.

Key Words: broiler, feed efficiency, inositol, phytase, phytate

T105 Supplementation of broiler diets with a mixed enzymes and 
direct fed microbial combination improves growth performance and 
feed efficiency in broilers Ajay Awati*1, Karin Van de Belt2, Jan Dirk 
van der Klis2, Yueming Dersjant-Li3 1Danisco Animal Nutrition, Dupont 
Industrial Biosciences, Marlborough, United Kingdom; 2Schothorst Feed 
Research, Lelystad, Netherlands; 3Danisco Animal Nutrition, Dupont 
Industrial Biosciences, Leiden, Netherlands
This study determined the response of broilers fed a feed supplemented 
with mixed enzymes (xylanase, amylase and protease) and direct fed mi-
crobial (DFM, containing three Bacillus strains) under commercial pro-
duction settings. Two dietary treatments including a control and a test diet 
(control diet supplemented with the test products) were used in a com-
pletely randomized block design, with five replicate pens per treatment. 
A total number of 7000 day-old male broilers (Ross 308) were distributed 
over 10 floor pens (700 broilers per pen) with fresh wood shavings as 
bedding material. Pelleted diets were fed at ad libitum in three phases (0-
10, 10-21 and 21-42d) and water was freely available. During the starter 
and grower phase (0-21d) additive supplementation reduced feed con-
version ratio (FCR) and improved calorie conversion efficiency. In the 
finisher phase, feed intake and body weight gain of the broilers fed the 
supplemented diet was significantly increased. Performance data at 42 
days showed significantly increased feed intake, body weight gain and re-
duced water to feed ratio in the test group compared to the control (Table 
1). The estimated production efficiency factor (PEF) was 6.4% higher in 
the test group compared to the control. In conclusion, this study showed 
that using xylanase, amylase, and protease enzymes in combination with 
Bacillus DFMs in a broiler diet resulted in improved growth, feed ef-
ficiency and production efficiency under commercial production settings.

Key Words: broilers, exogenous enzyme, DFM, feed efficiency, growth
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T106 Effects of limestone particle size and dietary Ca level on apparent 
P and Ca digestibility in the presence or absence of a 6-phytase Seon-
Woo Kim*1, Roselina Angel1, Wenting Li1, Encarna Jimenez-Moreno1, 
Monika Proszkowiec-Weglarz1, Peter Plumstead2 1University of Maryland, 
College Park, MD; 2DuPont Industrial Biosciences, Marlborough, United 
Kingdom
Phytate P utilization by broilers can be enhanced by phytase enzymes, 
but is affected by diet Ca level, Ca source and solubility, mainly through 
the formation of Ca-phytate chelates. The present study evaluated ef-
fects of limestone particle size and Ca level on apparent ileal digestibility 
(AID) of P and Ca in the presence or absence of a 6-phytase derived from 
Buttiauxella spp., expressed in Trichoderma reesei. The design was a fac-
torial arrangement of 2 limestone particle sizes from the same limestone 
source (pulverized <0.037 mm (PL) and un-ground (UL) 0.42 mm mean 
particle size); 3 Ca levels (0.6, 0.8, 1.0%) and 2 phytase levels (0 and 
1000 FTU/kg). The treatments (Trt) were replicated 9 times (3 birds/rep-
licate). A corn SBM basal diet was mixed with no inorganic P or Ca. The 
UL or PL and phytase were then added to achieve the Trt diets. Starting 
at 26 d of age, broilers were fed the Trt for 32 h. There was a Ca level x 
particle size x phytase interaction on P and Ca AID, thus data were ana-
lyzed separately based on phytase inclusion using 2 factors (particle size, 
Ca level). In diets with no phytase, P AID was greater (P < 0.01) in UL 
(28.22%) than in PL (22.52%) diets but Ca level had no effect (P=0.062). 
In diets with phytase, there was a particle size x Ca level interaction with 
no effect of Ca level on P AID in diets with UL but an effect (P<0.01) 
when PL was used. The P AID was 64.8, 62.8, 64.1% and 65.5, 57.4, 
50.9% for UL and PL diets containing 0.6, 0.8, and 1.0% Ca, respectively 
(P<0.01). In diets without phytase, Ca AID was affected by Ca level (P < 
0.01) but not particle size. In diets with phytase, a particle size x Ca level 
interaction resulted from a greater effect of Ca level on Ca AID when 
diets contained UL vs. PL. In summary, the impact of Ca level on P AID 
was dependent on particle size and phytase inclusion.

Key Words: limestone particle size, calcium, phosphorus, phytase, broiler

T107 Evaluation of high concentration phytase feeding on 
performance and bone mineralization of broiler chickens Neva 
Nachtrieb*1, Elizabeth Bobeck2, Peter Ader3, Joshua Jendza4, Michael 
Persia1 1Iowa State University, Ames, IA; 2Iowa State University, Madison, 
WI; 3BASF-SE, Lampertheim, Germany; 4BASF, Florham, NJ
Phytate has been ubiquitous in poultry diets in the US despite the fact that 
it is a known anti-nutrient. A 2 x 5 factorial including nutrient density, 
control v. low (-0.153% nPP, -0.133% Ca, -70.5 kcal/kg, -0.016% lys, 
-0.001% met and 0.004% cys) and 5 concentrations of fungal phytase (no 
phytase, 1000, 2000, 3000 and 5000 FTU/kg). Diets were fed to 8 repli-
cate floor pens of 18 Ross 308 broiler chicks from hatch to 35 d of age. At 
14, 28 and 35 d all birds were weighed and 3 randomly selected birds per 
replicate pen were euthanized for fat-free tibia ash (FFTA) determination. 
Feed intake and feed conversion ratio (FCR) were determined for the 
0-14, 0-28 and 0-35 d periods and FCR was corrected for mortality and 
euthanized birds. Analysis of variance was determined (P≤0.05) and Stu-
dent’s t-test was used to separate means if significance was found. From 
0-14 days there were significant main effects for both nutrient density and 
phytase as body weight gain (BWG) was increased with reduced dietary 
density and by both 1000 and 2000 FTU/kg. Over both the 0-28 and 0-35 
d periods, all phytase diets resulted in BWG greater than those diets with-
out phytase. Feed intake was significantly increased over the 0-14 d peri-
od with reduced nutrient density possibly resulting in the increased BWG 
noted over this time although feed intake and FCR were not different over 
any other period measured. The significant interaction at 14 d and near 
significance (P=0.07) at 35 d for FFTA indicate that birds on the control 
diet did not increase FFTA with phytase supplementation when bird fed 
the low density diet increased FFTA with phytase supplementation. The 
increased BWG with high phytase treatment across both high and low 

nutrient diets (main effect) in combination with the interactions noted at 
both 14 and 35 d for FFTA (Ash not increased in control diet) suggests 
that the increased BWG is not associated with increased P metabolism.

Key Words: bone ash, broiler, performance, high concentration phytase

T108 Growth performance and tibia measurements of broiler 
chickens fed diets added with levels of phytase above the comercial 
recommendations Sergio Gomez-Rosales*1, Maria de Lourdes Angeles1, 
Jose Vicente Alvarez2, Alejandro Diaz Alonso3 1INIFAP, QUERETARO, 
Mexico; 2Universidad Antonio Narro, Ajuchitlan, Mexico; 3VIMIFOS SA 
de CV, El Salto, Mexico
An experiment was carried out to evaluate the productive parameters, the 
diameter of the epiphysis and diaphysis and weight of the tibia of broilers 
fed increasing units of a commercial phytase. Six hundred one day old 
male B308 chicks were assigned to six dietary treatments: 1) Positive 
control corn-soybean meal diet with normal levels of nutrients; from 2 
to 6) a negative control low Ca, P and energy diet was added with 0, 
500, 1000, 2000 and 3000 units of phytase/kg of diet. Broilers were fed 
for 42 d with prestarter (7 days), starter (14 days), grower (14 days) and 
finisher (7 days) diets. There were four replicate pen per treatment with 
25 broilers per pen. At the end of the trial, three broilers from each pen 
were slaughtered and the tibia measurements were recorded. Data was 
subjected to ANOVA and polynomial contrasts were used to analyze the 
increasing units of dietary phytase on the variable responses. The final 
body weight, daily weight gain and feed intake were lowest (P < 0.05) in 
broilers fed the negative control diet without added phytase compared to 
the rest of the treatments. The final body weight, daily weight gain and 
feed intake showed a moderate increment from 0 to 500 units of phytase, 
and after that a plateu was observed (quadratic response, P < 0.05). The 
feed conversion ratio showed a cubic pattern (P < 0.05) in response to the 
increasing units of phytase, being lowest from 0 and 500 units, sharply 
increasing at 1000 units and then showing a slight drop in broilers fed up 
to 3000 units of phytase/kg of diet. The diameter of the diaphysis and the 
weight of the tibia were also lowest (P < 0.05) in broilers fed the nega-
tive control diet without added phytase. The increasing units of dietary 
phytase cause a cubic response (P < 0.05) on the diameter of the diaphy-
sis and the weight of the tibia; the highest values were observed at the 
highest inclusión rate of phytase. It is concluded that in broilers chickens 
fed low-Ca, P and energy diets, the addition of 500 units of phytase was 
enought to improve the growth performance; however, further benefits 
were observed in the diameter of the diaphysis and the weight of the tibia 
with the addition of 3000 units of phytase/kg of diet. 

Key Words: Phytase, Broiler chickens, Growth performance, Tibia mea-
surements

T109 Phytate degradation and phosphorus digestibility from four 
different corn genotypes in broiler diets with and without phytase 
Christoph-Johannes Ingelmann*1, Maren Witzig1, Wolfgang Schipprack2, 
Margit Schollenberger1, Imke Kühn3, Markus Rodehutscord1 1University of 
Hohenheim, Institute of Animal Nutrition, Stuttgart, Germany; 2University 
of Hohenheim, Institute of Plant Breeding, Seed Science and Population 
Genetics, Stuttgart, Germany; 3AB Vista Feed Ingredients, Darmstadt, 
Germany
The objective of this study was to evaluate different corn genotypes in 
respect to their precaecal phosphorus (dpc P) and phytate (dpc IP6) di-
gestibility in broilers fed diets with and without added phytase. 

Four corn genotypes grown under similar conditions but differing in their 
contents of inositol 1,2,3,4,5,6-hexakisdihydrogen phosphate (6.7-11.0 g 
IP6/kg DM) and total-P (2.6-3.6 g P/kg DM) were added to a basal diet 
(2.2 g P/kg DM) in exchange for corn starch at a level of 434 g/kg DM. 
The total P content of the four experimental diets was approximately 3.5 
g P/kg DM and the Ca:P ratio adjusted to 1.6:1. TiO2 was included as 
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indigestible marker. 900 broilers were fed a standard starter diet till d20 
and thereafter distributed equally to 10 treatments. Each treatment diet 
was fed in pelleted form with 0 or 500 FTU/kg of a modified E. coli 
6-phytase (Quantum Blue) to 6 replicates, 15 broilers each. At d28 broil-
ers were asphyxiated by CO2 exposure and chymus collected from the 
terminal ileum.

Based on difference with the basal diet, the dpc P of the four corn geno-
types varied from 39 to 59 %. The two genotypes which contained most 
fat and IP6 returned lower in dpc P and dpc IP6 contents than the other 2 
(P≤0.05). Phytase application improved dpc P by 20 to 26 and dpc IP6- by 
14 to 25 percentage points, with differences between genotypes not being 
significant.

The results showed differences in dpc P and dpc IP6 between corn geno-
types that were markedly reduced in the presence of the phytase tested. 
Differences in IP6- degradation between genotypes can either be related 
to their different IP6-concentration or to differences in other nutrients 
such as total fat. 

Key Words: broiler, corn genotype, phosphorus digestibility, phytate deg-
radation, phytase

T110 Performance Evaluation of Broilers Fed Poultrygrow 250™ 
(a protease enzyme) in a Standard Commercial Grade or Reduced 
Density Diet Brett Lumpkins*1, Greg Mathis1, Robert Gauthier2, Ludovic 
Lahaye2 1Southern Poultry Research, Inc., Athens, GA; 2Jefo, Saint-
Hyacinthe, QC
In recent years feed additive enzymes have gained great popularity 
and some enzymes, such as phytase, have become as common as corn 
or soybean meal in poultry diets. The potential of using feed enzymes 
has drawn much interest to the development and use of other enzymes 
with our current interest focused towards proteases. The objective of this 
study was to evaluate the potential of Poultrygrow 250™ in broiler diets 
based on live performance and carcass and breast yield of broilers. A 42 
d broiler floor-pen study was conducted using Cobb 500 male chicks that 
were fed one of the following 4 treatments: T1) positive control (com-
mercial grade diet without protease), T2) positive control+ Poultrygrow 
250™ (1/4lb/ton), T3) negative control (positive control minus 10kcal/lb 
and 5% AA in starter and grower and 6.5% AA in the finisher) and T4) 
negative control + Poultrygrow 250™ (1/4lb/ton). The diets for T2 and 
T4 were reformulated to account for the uplift of Poultrygrow 250™ in 
order to match the nutrient matrix of the positive and negative control 
diets, respectively. A randomized block design with 12 replications of 20 
birds per pen was used. Feed and water were available ad libitum. Bird 
weights and feed consumption (kg) by pen were recorded at study initia-
tion, Days 19, 35, and 42. After the 42 d grow out period, 4 birds from 
each pen were randomly selected for processing to measure carcass and 
breast yield. The data was analyzed statistically using SAS software with 
a P value of 0.05 to determine the level of significance. During the starter 
period (0 to 19 d of age) there was no difference (p > 0.05) in BWG 
between any of the treatments. The inclusion of Poultrygrow 250™ in 
the negative control diet improved the FCR of T4 to values similar to 
T1. At 35 d of age the birds fed diets with Poultrygrow 250™ (T2 and 
T4) had improvements (p<0.05) in FCR compared to T1 and T2, respec-
tively. Furthermore, T2 had the greatest BWG and most improved FCR 
(p<0.05) with theT3 fed birds having the least improvement in perfor-
mance. The improvements seen in performance at D35 carried through 
to D42, once again with the inclusion of Poultrygrow 250™ providing 
a significant improvement (p<0.05) when compared to their respective 
diets. Birds fed T2 had the greatest observed BWG and FCR compared 
to the other treatments. There was no difference (p>0.05) in carcass char-
acteristics between treatments. Breast weight of T3 birds was the lightest 
compared to the other 3 treatments, which were similar to one another. In 
conclusion, the use of Poultrygrow 250™, when formulated into a com-

mercial grade diet, has the potential to improve BWG and FCR in birds 
grown to market weight. 

Key Words: Poultrygrow 250, protease, enzyme, carcass yield, broiler

T111 Potential of proteases to hydrolyze various soy qualities in 
vitro Mikkel Klausen*1, Katrine Pontoppidan1, Murtala Umar Faruk2, 
José Otávio Berti Sorbara3, Nelson Ward4 1Novozymes A/S, Bagsvaerd, 
Denmark; 2DSM Nutritional Products, Saint Louis cedex, France; 3DSM 
Nutritional Products, Sao Paulo, Brazil; 4DSM Nutritional Products, 
Parsippany, NJ
Toasting is necessary to obtain a good quality soybean meal (SBM) with 
low trypsin inhibitor content (TIA) allowing optimal animal perfor-
mance. On the other hand extensive toasting reduces protein solubility 
(KOH index) and the availability of protein for utilization. Commercial 
SBM differ in quality and although most fall within recommended TIA 
and KOH range, differences exist that may interfere with animal perfor-
mance.

The aim was to investigate the in vitro efficiency of the porcine pancreatic 
proteases trypsin and chymotrypsin (PTN) and exogenous proteases on 
various soy qualities. In experiment 1, soy whiteflakes were autoclaved 
at 125°C for 10 (WF10) or 40 minutes (WF40) and used as substrate. In 
experiment 2, soy whiteflakes (WF) and the same whiteflakes after indus-
trial toasting (SBM) were used as substrate. Substrates were incubated 3 
hours (pH 7, 40°C, 500 rpm) with increasing levels of protease. Resulting 
supernatants were analyzed in a colorimetric o-phthaldialdehyde based 
assay to determine effect of proteases on the level of soluble free amino 
ends.

Experiment 1 showed the pancreatic proteases (PTN) to be effective on 
WF40 but not on WF10. A microbial protease product, RONOZYME® 
ProAct, was similar in performance on the two autoclaved whiteflake 
samples, but with slight activity suppression by WF10 at low protease 
dosage presumably due to high trypsin inhibitor level. Experiment 2 
showed that RONOZYME® ProAct efficiently hydrolyzed protein from 
both non-toasted WF and the toasted SBM. The hydrolysis of non-toasted 
WF protein was more efficient possibly due to better solubility of the 
protein fraction, and again a slight suppression of activity was seen at low 
protease dose. Another protease product (Protease PG) showed very lim-
ited effect on both substrates and increasing the dosage did not promote 
protein hydrolysis.

It was concluded that addition of an effective microbial protease to the 
feed would have the potential to assist the pancreatic proteases in hy-
drolyzing protein in soy products with trypsin inhibitor levels exceeding 
recommendations.

Key Words: Enzymes, Protease, In vitro, Soybean, Trypsin inhibitor

T112 Comparison of energy upgrading of corn-soy based diets in 
broilers by 2 thermostable NSP-enzymes Kurt Van de Mierop*1, Ronny 
Mombaerts1, Anne Goderis1, Greg Mathis2 1Nutrex nv, Lille, Belgium; 
2Southern Poultry Research, Inc., Athens, GA
This trial was set up to study the efficacy of 2 thermostable NSP-enzymes 
in pelletized corn-soy based diets on broiler performance. Four treat-
ments were studied: a positive control (pos. ctr.) group with high nutrient 
levels, a negative control (neg. ctr.) group with a lower energy content 
(ME -100 kcal/kg) and corresponding lower digestible amino acid levels, 
a neg. ctr. diet + a thermostable bacterial endo-1,4-β-xylanase (100 mg/
kg) and a neg. ctr. diets + a inherently thermostable fungal endo-1,4-β-
xylanase product at its advised dosage. The enzymes were added as pow-
der before pelletizing at approximately 90 °C for all feeds. Weight gain, 
feed intake and mortality were recorded. The reduced nutrient values in 
the neg. ctr. diet led to a significant (p<0.05) increase in feed conversion 
ratio (FC) and significantly (p<0.05) lower weight gain (BWG). Birds fed 
the bacterial endo-1,4-β-xylanase had a significantly lower FC (p<0.05) 
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and a significantly higher BWG (p<0.05) compared to neg. ctr group. 
The birds fed the fungal endo-1,4-β-enzyme group performed numeri-
cally better than the neg. ctr. group, but there was not statistically signifi-
cant difference to the neg. ctr. group. In this trial, neither of the enzyme 
treated groups was able to achieve the same performance of the posi-
tive control group with respect to FC and BWG. However, the bacterial 
endo-1,4-β-xylanase did lower mortality (p>0.05) compared to the other 
treatments. This study shows that the bacterial endo-1,4-β-xylanase was 
able to significantly (p<0.05) improve broiler growth and feed conver-
sion when fed a corn-soy diet with reduced energy and protein levels, 
while the fungal endo-1,4-β-xylanase was unable to generate significant 
performance improvement.

Key Words: enzyme, xylanase, AME-uplift, thermostability

T113 Elimination of the cage effect and viscosity reduction by 
xylanase products demonstrated in vitro Ninfa Rangel Pedersen*1, Inge 
Knap2, Jonas Ravn1, Helle Juel Martens3, Dan Pettersson1 1Novozymes 
A/S, Bagsvaerd, Denmark; 2DSM, Kaiseraugst, Switzerland; 3Copenhagen 
University, Fredriksberg C, Denmark
Plant cell wall fibers are anti-nutritional since the monogastric digestive 
tract lack fiber degrading enzymes making monogastrics unable to access 
nutrients, e.g. starch and protein, trapped within intact plant cell walls 
(cage effect). Improved digestion of feed ingredients can be achieved 
by supplementation with exogenous fiber degrading enzymes capable of 
solubilizing and degrading the plant cell walls.

Soluble fibers dissolve in the gut, forming viscous solutions and trap 
nutrients, slowing down digestion rate and feed passage and may cause 
bacterial overgrowth and consequently diarrhea.

The fiber degrading enzymes used are mainly xylanases and b-glucanas-
es. 

The objective of this study was to evaluate the capacity of a xylanase 
(RONOZYME WX), a xylanase and –b-glucanase product (RONO-
ZYME Multigrain) and a b-glucanase-xylanase-pectinase product 
(RONOZYME VP) to reduce viscosity in feed ingredients and eliminate 
the cage effect. For viscosity measurements the patented viscosity pres-
sure (ViPr) assay was used; a robotic system capable of pressure sensing 
during aspiration and dispensing of solutions. 

Fluorescence in the blue and blue green spectral regions, induced by UV, 
is emitted by phenolics covalently bound to cell walls. Cell wall degrada-
tion was monitored indirectly as a decrease in fluorescence due to hydro-
lysis of the arabinoxylan rich cell walls into soluble oligomers. 

Viscosity measurements were conducted on arabinoxylan, b-glucan, 
rhamnogalacturonan, galactan and mannan. RONOZYME WX reduced 
arabinoxylan viscosity and RONOZYME Multigrain and RONOZYME 
VP decreased the viscosity of ß-glucan. RONOZYME VP also decreased 
the activity of galactan and mannan.

Using fluorescence microscopy, cage effect elimination in cereals was 
observed for both WX and Multigrain. SBM has no cage effect but deg-
radation of its structural NSP and non-structural soluble oligosaccharides 
may increase digestibility and energy utilization.

Conclusion: RONOZYME WX, RONOZYME Multigrain and RONO-
ZYME VP have the ability to decrease viscosity in feed ingredients in 
vitro. This is corroborated by in vivo data published on the enzyme medi-
ated decrease of wet litter incidence in poultry. RONOZYME WX and 
RONOZYME Multigrain also reduced the cereal cell wall cage effect. 

Key Words: Cage-effect, xylanase, Viscosity, antinutritional factors, En-
zymes

T114 Effects of nutrient variability in corn associated with geographical 
location and xylanase inclusion on broiler growth performance Helen 
Masey O’Neill*1, Mallori Williams2, Joseph Klein2, Tryon Wickersham3, 
Jason Lee2 1A.B. Vista Feed Ingredients, Marlborough, United Kingdom; 
2Poultry Science Department, Texas Agrilife Research, Texas A&M System, 
College Station, TX; 3Animal Science Department, Texas Agrilife Research, 
Texas A&M System, College Station, TX
The use of exogenous xylanase has shown to improve performance of 
broilers when included in corn-soybean meal based diets. However, corn 
quality and nutrient variability may vary the response to xylanase inclu-
sion. The objective of this study was to determine the effect of the source 
of corn and xylanase addition on broiler performance and the interaction 
between these two factors. Six samples of corn were obtained from 6 
different regions of the USA (IA, MN, ND, NE, SD, TX) to represent the 
variability in corn available to feed manufacturers. Corn and soy-based 
diets were fed in three dietary phases: starter (d 0-18), grower (day 19-31) 
and finisher (day 32-41). In the starter, grower, and finisher phases, diets 
contained 3000, 3025, 3075 kCal/kg; 1.25, 1.15, 1.05 % available lysine; 
0.95, 0.87, 0.80 % Ca and 0.45, 0.41, 0.38 available P, respectively.  The 
twelve treatments were derived using corn source as the variable, with 
each corn diet being fed either with or without xylanase at 16,000 BXU/
kg. The diets were fed to 2160 broilers with 10 replicates, each containing 
18 birds per treatment from 0-41d of age. Dietary samples of all treat-
ments were collected and analyzed to confirm nutrient content and xyla-
nase recovery. All broilers were weighed and feed consumption recorded 
on days 18, 31, and 41 for the determination of average body weight 
(BW) and feed conversion ratio (FCR). Day 18 BW was affected by corn 
source and varied between 724 and 764g (P=0.001). For day 31 BW there 
was an interaction of corn source with xylanase (P<0.01) with the effect 
of xylanase being inconsistent.  The effect of xylanase on FCR during the 
grower phase depended on corn source (interactive term, P=0.021). How-
ever, xylanase inclusion reduced (p=0.026) FCR during the finisher phase 
compared to the diets without xylanase inclusion; those fed diets contain-
ing xylanase had a mean FCR of 1.943 compared to those without, at 
1.992. There was also a main effect of corn. None of these effects carried 
over to differences in cumulative FCR. This is evidence that the effect of 
xylanase may take time to develop and that it may be independent of corn 
source, especially in older birds.

Key Words: broiler, xylanase, performance, corn source

T115 Trends in protein production of poultry in Mexico to 2025 and 
utility of the econometric design. José Ortega-Sánchez de Tagle*1, Ariel 
Ortiz1, Mariano González-Alcorta2 1FES-Cuautitlán, UNAM, Cuautitlán 
Izcalli, Mexico; 2Universidad Autónoma de Chapingo, Chapingo, México, 
Mexico
Trends of the Mexican Poultry Industry 2025

The Mexican poultry in 2012, accounted for 0.77% of total gross product 
(GP), 19.7% of the agricultural GP and 40.9% of livestock GP.

The Mexican poultry sector participates with 63% of livestock produc-
tion, 34.6% is chicken production, 27.9% egg production and 0.10% tur-
key production.

From 1994 to 2012 the consumption of agricultural inputs, has grown at 
an annual rate of 2.8%, and it is noteworthy that the poultry processing 
industry is the main vegetable protein into animal protein.

Mexican imports of poultry meat have been gradually increased. In 2012 
it imported 14.2% more than the previous year, but twice in the last 15 
years, which means that the annual growth rate from 1996 to 2010 is 10.2 
percent.

In Mexican food, the poultry sector plays an important role, as 6 out of 
10 people included in your diet poultry (chicken egg), this is due in part 
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to the egg and chicken prices have reduced in real terms over the last 
decade.

In Mexico per - capita consumption of chicken has increased from 15.83 
kg in 1994 to 25.8 kg. in 2012, for 2013, it is estimated that chicken con-
sumption reaches 25.9 kg.

The main consumer of egg in the world is Mexico. The Mexican per 
capita consumption is 20.8 kg egg, almost an egg a day. In second place 
is China with 20.4 Kg thirdly Singapore with 18.8 kg; Japan fourth with 
16.3 kg, and the fifth United States with 15.5 Kg

But the important question is whether this trend will keep 2025 and rel-
evant activities or strategies, this is obtained by econometric modeling 
technique, and the variables that can positively or negatively alter this 
trend.

Approaches to econometric forecasting

Generally speaking, there are four approaches to economic forecasting 
based on time series: (1) unlecuacionals regression models, (2) regression 
models of simultaneous equations, (3) autoregressive integrated moving 
average (ARIMA) And (4) autoregressive vector models (VAR). They 
all are used.

The importance of this research is to conduct a retrospective investigation 
and analysis of the seasonality of the price of broiler and egg in Mexico 
and build a mathematical model for prediction of prices and production 
supported by price deflation model for accurately calculating profits., and 
integrate the Econometric Formulation Multiplying system to compare 
the economic and biological optimum levels of metabolizable energy, 
crude protein, digestible methionine and lysine, and to determine the 
sensitivity of the NOE as a function of prices and the coincidence of the 
NOB estimated with econometric models versus the values   reported by 
NRC (1994).

Key Words: Broiler, poultry, nutrition, econometric, formulation

Environment Management III / Metabolism & Nutrition V

T116 Evaluation of the efficacy of smectite clays, yeast cell walls 
and activated beta glucans on the toxicological effects of aflatoxins, 
fumonisins, and T-2 toxin in broiler chickens Coen Smits*, Anna-
Katharina Oudshoorn, Yanming Han Nutreco Research & Development, 
Boxmeer, Netherlands
A mycotoxin toxicity experiment was carried out with broiler chickens 
to evaluate the efficacy of an anti-mycotoxin additive (AMA) consisting 
of smectite clays, yeast cell walls and activated beta glucans. The study 
was conducted by Instituto SAMITEC (Brazil). The aflatoxins (B1, B2, 
G1 & G2), fumonisins (B1 & B2), and T-2 toxin used in the study were 
produced by fungi of Aspergillus parasiticus, Fusarium moniliforme, and 
Fusarium sporotrichioides, respectively. A total of 300 1-day-old male 
chicks were used in five dietary treatments with six replicates each (10/
pen). The treatments included (1) control, (2) control + AMA (0.5%), (3) 
control + 2.8 ppm of Aflatoxins, 100 ppm of fumonisins, and 1.5 ppm 
of T-2 toxin, (4) Treatment 3 + AMA (0.25%), and (5) Treatment 3 + 
AMA (0.5%). The birds received feed and water ad libitum. At day 21, 
the birds were slaughtered to determine the relative liver weight, total 
plasma proteins, and sphinganine/sphingosine ratio. Compared to the 
control animals, the mycotoxins significantly and severely reduced 21-
day body weight (-69.34%), feed intake (-65.42%), and total plasma 
proteins (-44.44%), while increasing the relative liver weight (+72.72%) 
and the sphinganine/spingosine ratio (+492.22%). However, addition of 
the AMA significantly improved all the parameters above, with the ef-
ficacy more pronounced at 0.5%. Compared with birds with mycotoxins 
alone, AMA at 0.5% increased 21-day body weight (+29.20%), feed in-
take (+28.47%), and plasma protein (+53.88%), while significantly de-
creased relative liver weight (-12.21%) and the sphinganine/spingosine 
ratio (+40.15%). It was concluded that the AMA, consisting of smectite 
clays, yeast cell walls and activated beta glucans, significantly decreased 
the deleterious effects in broiler chickens fed a feed highly contaminated 
with aflatoxins, fumonisins, and T-2 toxin.

Key Words: Broiler chickens, aflatoxins, fumonisins, T-2 toxin, anti-my-
cotoxin additive

T117 Supplementation of broiler diet with a mixed enzymes and direct 
fed microbial combination improves litter quality and reduces foot 
pad lesion score Yueming Dersjant-Li*1, Karin van de Belt2, Jan Dirk van 
der Klis2, Ajay Awati1 1Danisco Animal Nutrition/Dupont, Marlborough, 
United Kingdom; 2Schothorst Feed Research B.V, Lelystad, Netherlands
This study determined the response of broilers fed a diet containing 
mixed enzymes (xylanase, amylase and protease) and direct fed micro-

bial (DFM, containing three Bacillus strains) under commercial produc-
tion settings. Two dietary treatments including a control and a test diet 
(control diet supplemented with test products) were used in a completely 
randomized block design with five replicate pens per treatment. A total 
number of 7000 day-old male broilers (Ross 308) were distributed over 
10 floor pens (700 broilers per pen) with fresh wood shavings as bedding 
material. Pelleted diets were fed at ad libitum in a three-phase feeding 
program and water was freely available. The test treatment significantly 
improved litter dry matter content and litter score. This was associated 
with low water to feed ratio and high ileal digesta DM content in the 
test group. As a result, a reduced foot pad lesion score was found in the 
test group (Table 1). Moreover, the supplementation of the enzymes and 
DFM combination reduced Ca (P=0.057) and soluble P (P<0.05) con-
tent in the litter on dry matter basis. Numerically lower C. perfringens 
population was observed in the ileal (log 7.2 vs 8.3) and cecal (log 8.8 
vs log 9.7) digesta of broilers fed the test diet when compared to the con-
trol. In conclusion, this study showed that supplementation of xylanase, 
amylase, and protease enzymes in combination with Bacillus DFMs to 
broiler diet resulted in improved animal welfare parameters as indicated 
by improved litter quality and reduced foot pad lesion score in broilers 
under commercial production settings.

Table 1. Effect of enzymes and DFM combination on litter composition 
and foot pad lesion score in broilers produced under commercial produc-
tion settings1 

Control Control 
+additive SEM P

Water/feed-ratio 0-42d 1.84a 1.79b 0.01 0.016

Ileal digesta DM, % d41 16.6 17.3 0.58 0.39

Litter quality score, d 21 5.3b 6.5a 0.41 0.026

Litter dry matter, % 
d 41 45.5a 50.3b 1.31 0.006

Litter Calcium, % on 
DM basis d 41 13.58 12.62 0.34 0.057

Litter soluble P, % n 
DM basis d 41 2.32b 1.84a 0.19 0.04

Foot pad lesion score2, 
d 41 2.47a 2.06b 0.14 0.04

1a,b,: Means in a row without a common superscript differ significantly 
( P<0.05);
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2 Scored from 0 (no evidence of foot pad dermatitis) to 4 (severe foot pad 
dermatitis) 

Key Words: broilers, exogenous enzyme, DFM, litter quality, foot pad le-
sion score

T118 Reduction of ammonia volatilization using a Bacillus spore-
based direct- fed microbial Jacob Lum*, Matthew Faulkner, Jose Vicente, 
Ross Wolfenden Pacific Vet Group USA, Fayetteville, AR
Ammonia volatilization from poultry litter often leads to a high con-
centration of atmospheric ammonia that negatively impacts bird perfor-
mance, increases susceptibility to respiratory diseases in poultry, and is 
also harmful to farm workers and the environment. Litter amendments 
for reducing ammonia volatilization, such as aluminum sulfate treatment, 
can only be applied when the house is empty, reducing their effectiveness 
and increasing down time of the house. Direct-fed microbials (DFM) 
are naturally occurring beneficial microorganisms shown to have posi-
tive effects on animal health and performance when given in appropriate 
quantities. DFMs have been shown to improve overall bird gut health 
and performance, reduce incidences or food safety associated pathogens 
and necrotic enteritis, and can be easily and continuously administered 
via feed. In this research a Bacillus spore-based DFM (Sporulin®; Pacific 
Vet Group, USA Inc.) was shown to reduce ammonia volatilization from 
feces of treated birds. Broiler chicks were raised in isolator units and fed 
a diet containing 106 spores/g for two weeks, after which the feces was 
collected and analyzed for ammonia volatilization, spore concentration, 
and water content. Feces from the treatment group were found to have 
a >75% (P≤0.01) reduction in total ammonia volatilization over a 48H 
time period as compared to the control group. The fecal water content 
of the treatment group was reduced 30% (P≤0.01) as compared to the 
control group, likely explaining part of the reduction in ammonia volatil-
ization. A 3 log increase in fecal spore concentration was also seen in the 
treatment group (P≤0.01), possibly contributing to the lower ammonia 
emissions. This research indicates that some DFM, such as Sporulin, can 
provide a potent and continuously administered method of controlling 
ammonia volatilization in poultry litter.

Key Words: direct fed microbial, Bacillus, probiotic, ammonia, litter

T119 Efficacy of multi-strain direct-fed microbial on bacterial 
chondronecrosis and osteomyelitis and performance of broiler chickens 
under commercial conditions G. Raj Murugesan*, R. E. Windham, J. F. 
Sanders, Ruben Beltran Jr. BIOMIN USA, Inc., San Antonio, TX
Lameness and leg disorders in broiler chickens increasingly affect the 
producers economically. Most of the lameness issues are attributable to 
bacterial origin, a condition known as bacterial chondronecrosis and os-
teomyelitis (BCO) or femoral head necrosis. Direct-fed microbial (DFM) 
organisms are used as feed additives to reduce pathogen colonization, gut 
integrity and improve performance in chickens. Published data indicate 
the efficacy of DFM in lowering the incidence of BCO in broiler chicks 
raised in research settings. Three experiments were conducted to evalu-
ate the effectiveness of a multi-strain DFM on BCO and performance in 
broiler chickens raised under commercial conditions. All the trials used 
the same trial design with two treatment groups, a standard (STD) and 
DFM fed. Both the groups were fed diets formulated per industry stan-
dard. Experiments 1 and 2 evaluated the efficacy of DFM either along 
with or following an antibiotic treatment from d 1-52. In experiment 
1, each group consisted of two houses of 30,000 chicks and the DFM 
was applied through water on d 1-3, 7, 13-15, 21, 27-29, 35-37, 43 and 
50, while the antibiotic was fed through diet from d 1-14. Experiment 2 
evaluated the efficacy of DFM from d 14-50 using the same intermittent 
schedule as the experiment 1, but following the antibiotic treatment from 
d 1-14. Each of the STD and DFM groups consisted of three houses of 
24,000 chicks. Experiment 3 evaluated the prophylactic effect of DFM 
till d 38 at which time the symptoms of BCO were usually observed. 

Each group consisted of 3 houses of 48,000 chicks and the trial period 
was from d 1-47. Body weight gain (BWG), feed conversion ratio (FCR), 
livability data were determined and the incidence of BCO was observed 
from d 1-52 in experiments 1-2 and from d 1-47 in experiment 3. Overall, 
DFM fed groups increased BWG and livability in comparison with STD 
groups. The efficacy of DFM was higher in reducing the incidence of 
BCO when the DFM was fed from d 1 compared to d 14. However, there 
were no significant differences observed in performance when the DFM 
was fed either along with or following antibiotic. Prophylactic treatment 
of DFM reduced the incidence of BCO by 30%, while increasing BWG 
by 8%. These results indicate that the multi-strain DFM used was effec-
tive in lowering the incidence of BCO and there by increased the perfor-
mance of broiler chickens under commercial conditions.

Key Words: Broiler, Direct-fed microbial, Bacterial chondronecrosis and 
osteomyelitis, Performance

T120 Lactose and Caprylic acid feed supplementation reduces 
Clostridium perfringens populations in broiler chicks fed organic feed. 
J. Allen Byrd* USDA-ARS, Food and Feed Safety Research Unit, College 
Station, TX
Organic poultry farming is one of the fastest growing segments of the 
poultry industry. The increase demand of organically grown poultry has 
led to the increased concern of increases in foodborne pathogens on these 
products. With the increase demand for poultry and poultry product that 
are raised on organic feedstuffs, this study was conducted to evaluate the 
effects of lactose (LO), caprylic acid (CA), or both for reducing Salmo-
nella Typhimurium and Clostridium perfringens in chicks fed organically 
certified feedstuffs. One hundred commercial day-old non-vaccinated 
chicks were randomly divided into four groups of 25 birds each: control 
(no LO or CA), 2.5% LO, 0.7% CA or a diet containing 2.5% LO and 
0.7% CA. Water and feed were provided ad libitum. On day 3, birds were 
inoculated with 6.0 log CFU of Salmonella Typhimurium by crop gavage. 
On days 17, 18 and 19 birds were inoculated with 7.0 log CFU mixture 
of four Clostridum perfringens strains by oral gavage. On day 21, twenty 
birds from each group were euthanized, Salmonella populations in the 
cecum, Clostridium populations in the small intestine were enumerated, 
necrotic enteritis lesion scores and weigh changes were determined. The 
study was replicated three times. Feed intake and body weight did not 
differ between the groups. LA supplementation consistently increased 
(P < 0.05) Salmonella populations recovered from the LA only treated 
birds versus the controls. CA or CA +LO supplemented birds were not 
significantly different than the non-supplemented control birds for Sal-
monella. No differences in Necrotic enteritis lesion scores were observed 
in chickens supplemented with any treatment. Clostridium perfringens 
counts in the small intestine of CA, LO, and LA + CO supplemented 
birds were significantly lower than those of control birds on day 23. The 
results suggest that prophylactic LO or CA supplementation through feed 
can reduce Clostridium perfringens concentrations in the gastrointestinal 
tract of chicks and may be a useful treatment for reducing Clostridium 
perfringens carriage in chickens fed organic feedstuffs.

Key Words: Broilers, Clostridium, caprylic acid, lactose, organic

T121 Effects of feeding Diamond V Original XPC™ and bacitracin or 
virginiamycin to broilers during a necrotic enteritis challenge Jonathan 
Broomhead*1, Don McIntyre1, Greg Mathis2, Brett Lumpkins2 1Diamond V, 
Cedar Rapids, IA; 2Southern Poultry Research, Inc., Athens, GA
Research was conducted to investigate the effects of feeding Original 
XPC (a Saccharomyces cerevisiae fermentation product) alone, or in 
combination with virginiamycin (VIR) or bacitracin methylene disalicy-
late (BMD) during a necrotic enteritis (NE) challenge caused by Clos-
tridium perfringens. Cobb chicks (n=448) were divided into 7 treatments 
at 1 d of age, with 8 replicate pens per treatment and 8 birds per pen. 
The treatments were: 1) non-treated, non-infected (NC), 2) non-treated, 
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infected (PC), 3) XPC treated, infected (XPC), 4) VIR treated, infected 
(VIR), 5) XPC plus VIR treated, infected (XPC-VIR), 6) BMD treated, 
infected (BMD) and 7) XPC plus BMD treated, infected (XPC-BMD). 
Additives were fed from 1 to 28 d, with dietary inclusion rates of VIR, 
BMD and XPC at 22, 55 and 1250 g/metric ton, respectively. At 14 d, 
all birds received 5000 oocysts of Eimeria maxima via oral inoculation. 
At 19, 20, and 21 d, birds in all treatments except NC were inoculated 
with 108 cfu of C. perfringens. On 21 d, 6 hr after the final dose of C. 
perfringens was administered, all birds were weighed and 3 birds per pen 
were euthanized and intestines scored for NE lesions. The challenge (PC 
vs. NC) increased (P < 0.05) mortality, NE lesions, and feed conversion 
(FCR; 14-21 d and 0-21 d) and decreased (P < 0.05) body weight gain 
(BWG; 14-21 d) significantly. During the week of the challenge (14-21 d) 
lesion scores and FCR were lower and BWG greater in all treated groups 
compared (P < 0.05) to PC. Lesion scores, 14-21 d BWG and 0-21 d 
FCR were statistically similar (P > 0.05) between NC and XPC-VIR, in-
dicating a beneficial additive effect of combining XPC and VIR. Overall, 
XPC, VIR or BMD reduced NE lesions and the negative performance 
effects of the C. perfringens. The combination of XPC and VIR resulted 
in the best performance and lesion reduction during the NE challenge.

Key Words: broilers, Original XPC, Clostridium perfringens, necrotic en-
teritis

T122 Efficacy of a feed additive blend containing coated butyrate, 
mannobiose and either medium chain fatty acids or essential oils in 
reducing Salmonella enteritidis transmission in broilers chickens Coen 
Smits*, Alfredo Corujo Fernández, Petra Roubos, Yanming Han Nutreco 
Research & Development, Boxmeer, Netherlands
This experiment was set up to study the effect of blends of coated butyr-
ate, mannobiose in combination with essential oils or medium chain fatty 
acids on transmission of Salmonella enteritidis. The experiment was per-
formed with 1500 male broilers at the Nutreco Poultry Research Centre 
in Spain. The animals were randomly distributed in 30 floor pens (50 
birds/pen). The treatments included (1) control, (2) a blend of butyrate, 
mannobiose and essential oils (1.5 kg/tonne from 0 to 42 days, (3) as (2) 
but given at a higher dose of 3.0 kg/tonne in from 0-21 days and at 1.0 kg/
tonne from 22-42 days, (4) as (2) but the essential oils were substituted by 
medium chain fatty acids, (5) as (4) with the dosing of treatment 3. The 
essential oils contained encapsulated thymol and cinnemaldehyde. There 
were 6 replicates per treatment. Three birds were infected per pen by oral 
gavage with 1 ml inoculum (Salmonella enteritidis 106 cfu/g) at days 7 
and 8 and served as seeder birds, with the other birds not infected. In 
total ten non-infected birds were randomly selected from each pen at day 
21, 30 and 44 to determine the individual Salmonella status in the caeca. 
The results demonstrated that all treatments 2, 3, 4 and 5 with either es-
sential oils or medium chain fatty acids had a lower Salmonella preva-
lence at day 21, 30 and 42 days compared to the control pens. The most 
pronounced and significant effect was found with the blend of butyrate, 
mannobiose and medium chain fatty acids. Furthermore, the reduction of 
colonization was more pronounced when a higher dose was used in the 
starter phase, than using the same dose all over the experimental period. 
It can be concluded that the transmission of Salmonella enteritidis may 
be effectively reduced by a combination of coated butyrate, mannobiose 
and medium chain fatty acids. 

Key Words: Broiler chickens, Salmonella, transmission, feed additives

T123 Improved layer performance by dietary supplementation of 
a mixture of medium chain fatty acids Katrien Deschepper*1, Renato 
Costa1, Rob Goedegebuure1, Ine Kempen2, Johan Zoons2 1Nuscience, 
Drongen, Belgium; 2PDLT, Geel, Belgium
With the ongoing genetic improvements in commercial layers to breed 
for longer production cycles, the importance of maintaining a good lay-
ing persistency and a good egg quality is increasing. Production and egg 

quality are affected by the health and immune status of the hen. There-
fore, the effect of a gut stabilizing mixture of activated medium chain 
fatty acids (MCFA) (Shellbiotic) on layer performance was examined. 

The experiment was carried out with Lohmann Brown hens that were 
housed in enriched cages (20 hens/cage, 108 cages). From 59 weeks on-
wards, one group received a dietary supplementation of 1kg/ton Shellbi-
otic. During this trial hen day production, mortality, egg weight and egg 
quality parameters (second grade eggs, broken eggs and dirty eggs) were 
measured until 85 weeks of age. Also the effect on the albumen quality 
was measured by determining the Haugh Units at the beginning and at 
the end of the trial. The eggs used for this analysis were 3 days old and 
stored in the cold storage.

The control group started off at a higher laying percentage (1.45 %) but 
decreased stronger than the Shellbiotic group. After two weeks, week 
61, the production curves cross, resulting in a higher laying percentage 
for the Shellbiotic group which stays maintained until week 85. Besides 
influencing the layer performance, adding Shellbiotic affected the outer 
quality traits of the eggs. The percentage of 2nd grade eggs was higher for 
the control group (+0.87%). This difference can mainly be explained by a 
higher percentage broken and dirty eggs (respectively 0.23% en 0.25%). 
Egg weight and mortality were not affected. The improved egg produc-
tion together with the effects on the outer quality of the eggs resulted in 
3 additional first grade eggs. Shellbiotic also succeeded in limiting the 
decrease in albumen quality (expressed in Haugh units) with 4% and thus 
maintaining higher albumen qualities at the end of the production cycle. 

This trial indicates that both laying persistency and egg quality in com-
mercial layers can be improved by supplementing the feed with a specific 
mixture of activated MCFA’s. 

Key Words: Shellbiotic, Laying Persistency, MCFA, Egg quality, Albu-
men

T125 Effects of Two Xylanase Enzyme sources on Laying Hen 
Performance fed low density diets from 22-52 wks of age Sheila 
Purdum*, Dana Didde, Brett Kreifels, Pamela Eusebio, Kathy Hanford 
University of Nebraska, Lincoln, NE
Two hundred and forty Hy-Line W-36 laying hens were fed experimental 
diets during 2 dietary production periods (22-42 wks) and (42-52 wks) of 
age. Six experimental diets included a positive control (Diet 1) to meet 
breed nutrient recommendations (2900 kcal/kg) and a negative control 
(2820 kcal/kg) (Diet 2), a negative control supplemented with Enzyme 
A added at 0.30 lb/ton (Diet 3); negative control supplemented with En-
zyme B added at 0.5 lb/ton (Diet 4); 1.0 lb/ton (Diet 5) or 1.5 lb/ton 
(Diet 6). Enzymes A and B were primarily xylanase source enzymes (plus 
some activity of amylase and protease) from 2 different companies. At 
42 weeks of age, diets were reformulated to dramatically lower nutrient 
density, dropping from 17% to 15% protein; .80% to .67% TSAA; 0.94 to 
0.74% lysine; and 0.40 to .34% NPP; dietary energy stayed at 2900 kcal/
kg (Diet 1) or 2820 kcal/kg (Diets 2-6). Each diet was fed to 9 replicate 
cages with 4 hens/cage. Data were analyzed by repeated measures analy-
sis for a randomized complete block design. Diet had little to no effect on 
feed intake (FI), wt. gain or feed efficiency during period 1; FI was lower 
for Diet 2 only during period 2 (diet x time effect at p< .05). Enzyme sup-
plementation partially recovered feed intake during period 2 compared to 
the negative control diet 2.  Egg production (EP) showed a trend (p>.09) 
during period 1 and then became significant during period 2 (p<.008) 
such that hens fed Diet 2 showed a sharp decline in EP during period 2 
after diet nutrient density was reduced. This decline was overcome with 
supplementation of either Enzyme A or B during period 2. There was no 
dose response difference for EP between Diets 4,5 or 6. Egg wt (EW) did 
not differ by diet during period 1, but did show a significant interaction 
effect (diet x time) such that during period 2; hens fed the negative con-
trol diet (Diet 2) actually had a slightly greater egg weight, perhaps due 
to less total EP. There were no benefits of Enzyme supplementation on 
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egg weights during this study. Egg yolk color as determined by a standard 
color fan, indicated slightly higher scores for Diets 2, 4, 5 and 6; negative 
control diets with more corn and less supplemental fat in the rations. In 
summary, hens did not respond to decreased dietary ME until the second 
period of production (42-52 wks of age) when diet nutrient density was 
also drastically reduced. At this time, enzyme supplementation from 2 
different sources helped improve feed intake and egg production equiva-
lent to the positive control diet in the high producing laying hen. 

Key Words: Enzymes, Xylanase, Laying Hen, Low Density Diets, Me-
tabolizable Energy

T126 Effects of essential oil, probiotic and ionophore on intestinal 
traits Albaraa Sarsour*, Edgar O. Oviedo-Rondón, Kayla Claasseen, 
Manuel J. Da Costa Prestage Department of Poultry Science, North 
Carolina State University, Raleigh, NC
The mechanisms of action of feed additives (FA) such as essential oils 
(EO) and probiotics (P) should be better understood, especially when 
combined with ionophores (I) in broiler diets. One experiment was con-
ducted to evaluate the possible interactive effects of EO, P and I on broil-
er intestinal traits. Corn-soybean meal diets with DDGS were formulated 
for starter (0-14d), grower (14-35d) and finisher (35-42d) phases. The 
specific EO blend containing benzoic acid (Crina Poultry Plus) was added 
at 300 ppm. The P containing Lactobacillus acidophilus and Lactobacil-
lus casei (Primalac) was added at 500 g/ton. The I, monensin, (Coban-90) 
was added at 90 g/ton.  A total of 720 Ross 708 d-old male chicks were 
identified and placed in 72 floor pens with reused litter. BW, intestinal 
length, pancreas weight, and cecal pH were recorded at 42d of age. Mu-
cus digesta content was quantified using a colorimetric procedure. Data 
from 9 treatments,with 8 replicate pens (10 chicks each), were analyzed 
as a RCBD with a 2x2x2 factorial arrangement of treatments with EO, P 
and I as main factors for 8 treatment combinations, plus a positive control 
with growth promotant antibiotic (BMD) and I (GPA+I), that was used 
for orthogonal contrasts. Only one three-way interaction effect (P<0.05) 
was observed on ileal mucus (μg/g) production. The EO reduced mucus 
production in diets with or without I, compared to treatments without FA 
or diets with P. Broiler cecal pH was affected (P<0.05) by the interac-
tion IxEO. Broilers fed EO without I, had higher pH than those fed diets 
containing both FA. Pancreas (g/100g) was reduced (P=0.09) by using P. 
Broiler intestinal relative length (cm/kg) was reduced (P<0.05) by using 
EO, P or I compared to GPA+I. It was concluded that FA significantly af-
fected broiler gut development and physiology in different ways. Mucus 
production was enhanced by P and reduced by EO, and modifications 
on microbial profiles may cause changes in cecal pH in broilers fed EO.

Key Words: essential oil, probiotic, ionophore, broiler, gut traits

T127 The effect of feeding a commercial essential oil product to 
broilers challenged with Clostridium perfringens Alaeldein M. 
Abudabos*1, Abdullah H. Alyemni2 1King Saud University, Riyadh, Saudi 
Arabia; 2ARASCO for Feed, Riyadh, Saudi Arabia
The aim of the present study was to investigate the influence of a com-
mercial essential oil blend (EO), CRINA® Poultry (CP), as an alterna-
tive to in-feed antibiotic, enramycine®, on growth parameters of broilers 

during pre- and post-challenge with Clostridium perfringens (C. per-
fringens). The birds received treatments from 0 to 30 days as follows: 
T1 = positive control (+CONT): without medication or bacterial chal-
lenge; T2 = negative control (-CONT): without medication but with C. 
perfringens challenge; T3 = antibiotic with addition of enramycin with 
C. perfringens challenge (ENRA); and T4 = with addition of CRINA® 
Poultry to feed with C. perfringens challenge (CP). Overall, feed intake 
(FI), body weight gain (BWG) and feed conversion ratio (FCR) was not 
significantly different among the four treatments (P>0.05). On the other 
hand, EO supplementation caused some changes in the intestinal mu-
cosa morphometrics, birds which had received EO had longer ileal villi 

as compared to +CONT or ENRA groups (P<0.05). The performance of 
the birds which had consumed CP was similar to all other treatments. 
The results from this study indicated that CP under the condition of this 
experiment had no influence on broilers performance but it had a positive 
effect on mucosal morphometrics.

Key Words: Broilers, Crina®Poultry, Performance, Intestinal mucosa 
morphometrics

T128 Supplementing organic broiler diets with fish meal, naked 
oats, or sunflower seed meal to meet bird requirements with limited 
use of synthetic methionine Heather Burley*1, R. Michael Hulet2, Paul 
H. Patterson2 1The Pennsylvania State University, Westminster, MD; 2The 
Pennsylvania State University, University Park, PA
This study evaluated fish meal (FM), naked oats (OAT), and sunflower 
seed meal with hulls (SSM) for their methionine (Met) contribution to or-
ganic broiler chicken diets where synthetic Met inclusion is limited. A to-
tal of 1,392 mixed sex Cobb x Ross 708 broilers were fed 6 diets (8 pens/
diet; 29 birds/pen) from 0-44d. Three diets included FM, OAT, or SSM 
and 4 kg/metric ton synthetic Met. Another three diets were corn and ex-
peller soybean meal (SBM) based and included unlimited synthetic Met 
(control) (CON), 4 kg/metric ton synthetic Met (U.S. National Organic 
Program currently allowed level) (CS2), or no synthetic Met (CS0). For-
mulated Met levels for all starter, grower, and finisher diets were 0.51, 
0.45-0.49, and 0.42 percent, respectively. Growth and feed intake (FI) 
were monitored throughout and processing yields determined at 44d. 
Data analysis used a one-way ANOVA and Duncan’s test for mean com-
parisons and P ≤ 0.05 was deemed statistically significant. Birds fed FM 
and OAT did not differ from the CON in BW at 44d or overall BW gain; 
however, these parameters and male bled carcass, thigh, drum, wing, car-
cass shell, and sum of parts wt were lower for SSM versus CON birds. 
The OAT and CON fed birds did not differ for any parameters (except for 
female and mixed sex birds having lower fat pad wt/percent and females 
having lower carcass shell percent). The CON, CS2, and CS0 diets were 
least to most expensive ($/ metric ton), respectively, with FM, OAT, and 
SSM diet prices in between the CON and CS2 (except for OAT grower 
and OAT and SSM finisher diets, which were lower in price than the 
CON). The FM birds did not differ in processing yields, but had lower 
overall FI and feed conversion, versus the CON, and also had the lowest 
cost per kg bled wt, breast wt, and sum of parts wt versus all other diets. 
Costs for the OAT and SSM birds were between the CS2 (least) and CS0 
diets (most). Thus, FM and OAT can economically meet organic broiler 
needs with limited synthetic Met without reducing bird performance; 
however, SSM is not a viable option for this purpose.

Key Words: organic, broiler, methionine, fish, oats

T129 Effects of Adding Different Dietary Levels of Black Cumin 
(Nigella sativa L.) Seed on Productive Performance of Laying Hens Dr. 
Sherif Hassan*, Dr. Abdulaziz AL Qail King Faisal University, Al-Hassa, 
Saudi Arabia
The present study was conducted to evaluate the effect of adding different 
dietary levels of black cumin (Nigella sativa L.) seed (0.0, 1.0, 2.0, 4.0 
%) on productive performance of laying hens over a 8-wk trial period. 
Two handrad 52 wk old Hysex laying hens with similar body weight 
and laying rate were randomly distributed among 4 treatments with 5 
replicates with 10 hens each. Body weight, body weight gain, mortality 
rate, feed intake, feed conversion ratio, egg production, egg weight, egg 
mass, egg specific gravity, haugh units, and yolk color were measured. 
Results showed that body weight gain for hens fed a layer diet contaion-
ing 2.0% black cumin seed was significantly lower than those fed 1.0% 
black cumin seed. Feed intake was significantly lower for hen fed a layer 
diet contaioning 4.0% black cumin seed than those fed both 0.0 and 2.0% 
black cumin seed. Feed conversion ratio was significantly lower for hen 
fed a layer diet contaioning 4.0% black cumin seed than those fed both 
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0.0 and 1.0% black cumin seed. Hens fed a layer diet contaioning 1.0% 
black cumin seed showed significantly the lightest egg yolk color com-
pared to the other treatments. Egg weight per hen increased significantly 
for hens fed a layer diet contaioning 4.0% black cumin seed compared to 
those fed 1.0% black cumin seed. Results concluded that adding black 
cumin seed into layer diets at a level of 4.0% can improve the productive 
performance of laying hens. 

Key Words: Black Cumin Seed, Egg Production, Egg Weight, Laying 
Hens, Productive Performance

T130 An Electron Microscopic Study of the Effect of Adding Dietary 
Baker Yeast (Saccharomyces cerevisiae) on the Ability of E. coli to 
Attach and Efface the Intestinal Cells of Broiler Chicks Challenged 
with E. coli Dr. Sherif Hassan*, Dr. Abdulaziz Al-Aqil, Dr. Mohammed 
Shathele King Faisal University, Al-Ahasa, Saudi Arabia
To evaluate the effects of adding dietary baker yeast (Saccharomyces 
cerevisiae) on the ability of E. coli to attach and efface the intestinal cells 
of boiler chicks challenged with E. coli, 240 broiler chicks of 1 d old were 
used from 1 to 35 d of age. Chicks were randomly distributed among 
four treatments with three replicates of 20 chicks each. Chicks were fed 

either 0.00% yeast and unchallenged with E. coli (negative control), 
0.00% yeast and challenged with E. coli (positive control), 0.75% yeast 
and challenged with E. coli, or 1.00% yeast and challenged with E. coli. 
Chicks were challenged with 1.9 x 109 colony forming units of E. coli 
in 1.5 mL at 7 d of age by oral gavage. Three chicks from each replicate 
were sacrificed at 7, 14, 21, and 28 d post challenge and specimens of the 
gastrointestinal tract were collected for E. coli enumeration and adhe-
sion assay by scanning and transmission electron microscopy. Results 
showed that the cecum of all challenged chicks were the only segment 
of the gastrointestinal tract that showed observable lesions. Challenged 
chicks fed 1.00% yeast showed drastic diminishing in bacterial enumera-
tion compared to the other treatments. At 21 d post-challenge, about 87% 
of positive control chicks showed both cecal attachment and effacement, 
while 37% and 16% of challenged chicks fed 0.75% and 1.00%yeast 
showed cecal attachment, respectively. Results obtained from the present 
study suggest that adding 1.00% yeast to broiler diet resulted in a signifi-
cant reduction in bacterial attachment and may enhance the productive 
performance of chicks via the inhibitory effect of yeast against E. coli 
pathogenic bacterium.

Key Words: Broiler, Electron microscopy, Escherichia coli, Saccharomy-
ces cerevisiae, Yeast

Metabolism & Nutrition VI

T131 Nucleotide supplementation in the diet of broiler breeders and 
their effect on hatchability and subsequent progeny performance 
Melina Aparecida Bonato*1, Lúcio Francelino Araújo2, Glycon Duarte 
Santos1, Troy Lohrmann3, Ricardo Luís Carmo Barbalho1 1ICC Industrial 
Comércio Exportação e Importação Ltda., São Paulo, Brazil; 2Faculdade 
de Zootecnia e Engenharia de Alimentos - USP (Campus Pirassununga-
SP), Pirassununga, Brazil; 3Quality Technology International, Inc., Elgin, 
IL
This study was aimed to evaluate the effects of nucleotide supplementa-
tion on broiler breeders diets regarding egg hatchability and on progeny 
performance. The nucleotides were derived from a yeast source (Hilyses/
ICC). Two trials were conducted, the first trial with 80 broiler breeder 
females (Cobb), from 25 to 45 weeks of age, were distributed in a com-
pletely randomized design (CRD), with 2 treatments, with (5 kg per MT) 
or without nucleotide rich product called Hilyses. Each treatment con-
sisted of 10 replications, with 4 breeders in each (4 birds/m2). Breeders 
were inseminated when they were 35 and 45 weeks old. Eggs were col-
lected and incubated from the 3rd day until the 10th day post insemination. 
Egg production (EP%), egg fertility (EF%) and hatchability of incubated 
eggs (HIE%) and fertile eggs (HFE%) were evaluated. In a second trial, 2 
groups of 150 male chicks; one group originated from breeders fed nucle-
otide supplemented diets, and other group originated from the breeders 
not given dietary nucleotides, were distributed in CRD, 10 replications 
with 15 straight run chicks in each. All broiler groups received the same 
growout diets over a 42 day grow out period (1 to 21, 22 to 35 and 36 to 
42d). Study criteria included BWG, FI and, F/G at 21 and 42 days. The 
data were analyzed using the GLM (SAS) and means were compared 
by Tukey (P=0.05). Nucleotide supplementation in the diet of broiler 
breeders improved (P<0.05) EP (1.6%), EF (1.7%), HIE (4.1%) and HFE 
(2.3%). Offspring from 35 week old breeders fed diets supplemented with 
5% nucleotides had improved (P<0.05) BWG (3.45kg vs 3.30kg) and 
F/G (1.61 vs 1.66) versus chicks from breeders not supplemented dietary 
nucleotides. Progeny from 45 week old breeders fed dietary nucleotides 
also had better (P<0.05) BWG (3.46kg vs 3.24kg) and FC (1.60 vs 1.70) 
versus broilers hatched from breeders whose diet was not supplemented 
with nucleotides. In summary, this study demonstrated that supplementa-
tion of nucleotides to broiler breeders increases the number of live chicks 
by 6% and appears to have a positive carryover effect on their progeny 
performance for both body weight gain and feed conversion.

Key Words: egg production, broilers, feed conversion

T132 The effect of sexual maturity and egg production on protein 
turnover in broiler breeder pure lines Karen Vignale*1, Justina Caldas1, 
Judith England1, Nirun Boonsinchai1, Phiphob Sodsee1, Erik Pollock2, 
Craig Coon1 1University of Arkansas, Fayetteville, AR; 2University of 
Arkansas Stable Isotope Laboratory, Fayetteville, AR
Protein turnover in skeletal tissue for broiler breeders has been shown to 
increase at sexual maturity and then decline with increased egg produc-
tion (Ekmay et al., 2012). The authors believe the increased protein deg-
radation rate at sexual maturity is to provide amino acids for egg produc-
tion. The objective of the present study was to evaluate protein turnover 
in two broiler breeder pure lines during sexual maturity transition and 
throughout production. Protein turnover was determined in two broiler 
breeder pure lines (Line 1 (L1) and Line 2 (L2)) at 22, 27, 32, 37, 44 
and 50 weeks of age. A complete randomized design with a 2x6 facto-
rial arrangement (2 lines, 6 ages) provided 12 treatments. There were 5 
replicates per treatment and each hen represented a replicate. Analysis of 
variance was performed using JMP software. Five hens at each age were 
given an intravenous flooding-dose of 15N-Phe (150 mM, 40% APE) at 
10 ml/kg. After 10 min, birds were slaughtered and the breast and leg 
muscle excised and frozen in liquid nitrogen. Excreta was also collected 
and frozen. The acid-soluble fraction (2% perchloric acid) containing 
free amino acids from muscle was separated from the protein precipitate. 
The ratio of 15N:14N of each fraction was determined via GCMS. Quan-
tification of 3-methylhistidine in both muscle and excreta was also deter-
mined via GCMS. All birds were scanned for body composition before 
sampling. No statistical differences were found for the breast fractional 
synthesis rates (FSR) between lines and ages. There was a significant age 
effect on fractional breakdown rate (FBR). FBR in breast skeletal tissue 
increased from 22 wk of age (15.69%) to sexual maturity (19.64%). The 
rate significantly increased again from week 27 (first egg) to week 33 
(peak) (19.64% (L1), 21.62% (L2) and 28.63% (L1),28.7% (L2) respec-
tively; P. value < 0.0001) and remained the same at week 37, then it de-
creased significantly at week 44 ( 14.45% (L1) and 15.92% (L2); P. value 
< 0.0001) and again at week 50 ( 4.84% (L1) and 4.74% (L2); P. value 
<0.0001). There were no significant differences for leg FSR rate between 
lines and ages. Leg FBR statistically increased from week 27 to week 37 
(18.69% (L1), 18.51% (L2) and 24.82% (L1), 24.19% (L2), respectively; 
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P. value < 0.0001) and then it significantly decreased at week 44 (6.98 
% (L1) and 7.69 % (L2) and again at week 50 (2.58 % (L1) and 2.69 % 
(L2); P. value < 0.0001). FBR in legs peaks at a lower rate at wk 33 and 
does not show a plateau from 33 wk to 37 wk. There is a large increase in 
FBR during the transition for the pullet to sexual maturity with increases 
in FBR through peak egg production, which is related to a decreased in 
lean mass body content during this period of time.

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

T133 Performance and Carcass Characteristics of Broiler Breeders 
Progeny Fed Canthaxanthin and 25-Hydroxycholecalciferol LUCIO 
ARAUJO*1, Cristiane Araujo1, Rafael Hermes2, Isaac Bittar2 1University 
of Sao Paulo, Pirassununga, SP, Brazil; 2DSM Nutritional Products, Sao 
Paulo, SP, Brazil
This research was conducted to evaluate performance and carcass char-
acteristics of progeny from broiler breeders (Cobb 500) fed Canthaxan-
thin and 25 - Hydroxycholecalciferol (25-OHD3). The breeder hens were 
fed either a basal diet or the basal diet supplemented with Canthaxanthin 
(6 ppm) and 25-OH-D3 (69 mg/ton) from 25 to 62 wks. Breeders (80) 
were reared in a floor pen facility and randomly distributed in 10 rep-
licates/treatment. Each pen was equipped with one nest, 1 bell drinker, 
and 1 female trough feeder on the slats. Each pen contained 4 females 
and males were reared separately. Hens were artificially inseminated with 
50 μL of diluted semen 2 d prior to egg collection. Chicks were hatched 
at 3 different ages (35, 45, and 62 wk). From each hatchery batch, 300 
chickens were placed into 20 pens (5 pens/treatment and 15 birds/pen) 
in a 2x2 factorial design, being: breeders fed or not to canthaxanthin and 
25-OH-D3 (CTX-25D3) and progeny fed or not CTX-25D3 until 21days 
of age. After that, birds were fed a common diet. Broilers growth was 
weekly registered and at the end of trial, 2 birds/pen were sacrificed and 
carcass characteristics measured. Data ANOVA in a factorial design were 
performed, considering statistical significance when P<0.05. There were 
not effect (P>0.05) on feed intake and legs yield between treatments. The 
best weight gain was observed on interaction between use of CXT-25D3 
on breeders and progeny diets at 35, 45, and 62 wks (2,981; 2,994; and 
2,989, respectively). The supplementation of CTX-25D3 on breeders di-
ets improved (P<0.05) feed conversion on progeny at 35 and 62 wks, 
when compared to the control treatment (1.69 vs. 1.72; 1.67 vs. 1.75, 
respectively). At 45 wk the best feed conversion was observed on interac-
tion between treatments by use of CXT-25D3 on the breeders and prog-
eny diets (1.65). Broilers progeny presented the best carcass and breast 
meat yield at 35 (71.59% and 22.79%), 45 (72.34% and 22.94%) and 62 
(72.23% and 23.03%) wks, respectively, on interaction between breeders 
and progeny fed CXT-25D3. In conclusion, results showed the impor-
tance of the maternal supplementation of antioxidants (canthaxanthin) 
and adequate levels of Vit D3 metabolites on the broilers progeny, mainly 
when this supplementation is followed in the starter growth phases. 

Key Words: broiler breeders, breast meat yield, canthaxanthin, 25-hy-
droxycholicalciferol

T134  Body composition, egg production and shell quality of eggs from 
four breeder genetic lines fed diets varying in calcium and non-phytate 
phosphorus content Phiphob Sodsee*, Karen Vignale, Justina Caldas, 
Nirun Boonsinchai, Monticha Putsakum, Judith England, Craig Coon 
University of Arkansas, Fayetteville, AR
The effect of calcium (Ca) and non-phytate phosphorus (NPP) level in 
four breeder genetic lines from 21 through 50 weeks of age was deter-
mined. Pullets (246 from each of purelines A, B, C and D) were individu-
ally caged and light stimulated at 21 weeks of age. Hens from each line 
were fed with one of six diets varying in Ca and NPP: 1) 2.25% Ca with 
0.25% NPP, 2) 2.50% Ca with 0.25% NPP, 3) 2.75% Ca with 0.25% NPP, 
4) 3.0% Ca with 0.25% NPP, 5) 3.25% Ca with 0.25% NPP, and 6) 3.25% 

Ca with 0.40% NPP. Daily allotted feed intake was increased for every 8 
percent increase in egg production going from 5% to peak. At peak feed 
intake the breeders consumed a minimum of 3.08 g Ca and 0.34g NPP 
and the maximum intake of 4.45g Ca and 0.55g NPP. Egg production 
and feed intake were recorded daily. Eggs were weighed 2 consecutive 
days a week. Body weight, body composition and egg quality parameters 
were measured monthly. Body composition was determined for 4 hens 
from each treatment (line x diet) using dual energy x-ray absorptiometry 
(DXA). Statistical analysis was done using two-way ANOVA with inter-
action from main factors (line and diet). Results showed that genetic line 
had a significant effect on all tested parameters. Level of Ca and NPP in 
the feed had no effect on egg production, age at first egg, mortality, or 
egg weight. However, hens fed diets 5 and 6 had significantly better egg 
shell quality compared to those fed diet 1, but not significantly better than 
from hens fed diet 2, 3, or 4 for shell:egg ratio, SWUSA, and %shell Ca. 
The % bone mineral content (%BMC) of hens decreased over the period 
of egg production whereas % body fat and %lean mass was stable. Both 
line and diet significantly affected %BMC. Shell quality corresponded 
to %BMC of hens. In conclusion, genetic line had significant effect on 
both egg production and shell quality. There was no significant difference 
in egg production and shell quality for breeder hens fed either 0.25% or 
0.4% NPP (NPP intake ranging from 0.34 to 0.55g with peak feed) with 
3.25% Ca in the diet.

Key Words: calcium, non-phytate phosphorus, shell quality, pureline 
breeder, dual energy x-ray absorptiometry (DXA)

T135 Use of Near Infrared Reflectance Spectroscopy (NIRS) compared 
to Table values as the source of information for determination of amino 
acids and apparent metabolizable energy (AME) for broiler feed 
formulation. CARLOS SOTO*1, ROB SHIRLEY2, ERNESTO AVILA3, 
JOSE ARCE4, FERNANDO ROSAS1, DON MCINTYRE5 1ADISSEO 
DE MEXICO S.A. DE C.V., GUADALAJARA, Mexico; 2ADISSEO USA, 
ATLANTA, GA; 3Universidad Nacional Autónoma de México, México D.F, 
Mexico; 4Universidad Michoacana de San Nicolas de Hidalgo, Morelia, 
Michoacan, Mexico; 5DAMOND V MILLS, CEDAR RAPIDS, IA
The following broiler trail evaluated the different strategies for feed for-
mulation in broiler production based on Table values for Total Amino 
Acids (TAA) or NIRS values either for TAA or Digestible Amino Acids 
(DAA). A total of 1400 Ross 308 mixed-sex broiler chickens were fed 
starter (1-21 days) and finisher (22-48 days) corn-SBM-CDDGS based 
diets. Four treatments were used: T1 based on TAA from Table values; T2 
based on TAA from NIRS values; T3 based on DAA from NIRS values 
and T4 based on DAA and apparent metabolizable energy (AME) from 
NIRS; only AME values for corn and SBM were used. Nutritional lev-
els used for this experiment were based on NRC requirements. Variables 
measured were body weight (BW; kg/bird), feed intake (FI; kg/bird), 
feed conversion ratio (FCR), mortality% (M), carcass yield% (CY), 
breast yield% (BY) and breast/carcass ratio (BCR). 

At 21 days of age, BW was heavier (P<0.05) in T3 and T4 (0.708 and 
0.698) compared to T1 (0.688). FCR was lower for T3 (1.524) compared 
to T1 (1.611). No differences were observed for FI and M. At 42 days 
of age, BW was heavier for T3 and T4 (2.296 and 2.296) than for T1 
(2.226). FI was higher in T3 (4.121) than T1 and T2 (4.032 and 4.039). 
No differences in FCR were detected. At 48 days of age, no differences 
were detected in BW, FI, FCR, M, CY, BY and BCR. T3 and T4 pre-
sented numerically higher BCR (p=0.13).

The improvements in broiler performance at 21 and 42 days-of age dem-
onstrate the benefits of broiler feed formulation that is based on DAA and 
AME information from NIRS. 

Key Words: Broilers, Digestible Amino Acids, Near Infrared Reflectance 
Spectroscopy, Apparent Metaboliable Energy
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T136 The effect of dietary electrolyte balance on ileal endogenous 
amino acid losses in 48-d old broiler chickens Sunday Adedokun*, Todd 
Applegate Purdue University, West Lafayette, IN
The objective of this study was to determine the effect of nitrogen-free 
diet formulated with different ratios of corn starch and dextrose and dif-
ferent levels of dietary electrolyte balance (DEB = Na + K – Cl-, mEq/
kg diet) on ileal endogenous amino acid (EAA) losses in 48-d old broiler 
chickens. Broilers were reared on deep litter for 43 d and fed corn-soy-
bean meal based diets (starter: d 0-14, grower: d 14-28; finisher: d 28-42) 
that were adequate in all nutrients and energy. On d 43, 240 broiler chick-
ens were individually tagged, weighed, sorted, and allotted to 4 diets with 
6 replicate pens/diet in a complete randomized design. Each experimental 
diet was fed for 5 d (d 43-48). All diets were nitrogen-free diets with 2 
ratios of corn starch-to-dextrose (0.31 and 1.04) and 2 levels of DEB 
(108 and 219 mEq/kg diet). Final BW and BW loss were not different 
(P > 0.05). Birds fed diets containing higher DEB consumed less (P < 
0.05) feed. Mineral (Na, K, Cl-) intake were different (P < 0.05). The high 
dietary dextrose level resulted in higher (P < 0.05) ileal dry matter digest-
ibility. Endogenous nitrogen, Arg, Leu, Phe, Val, Ala, Gly, and Pro secre-
tion into the gut increased (P ≤ 0.05) with increasing level of DEB. Iso-
leucine, Thr, Asp, Cys, Glu, and Tyr showed a tendency towards higher (P 
< 0.1) EAA losses with high level of DEB. There were no effects of corn 
starch-to-dextrose on ileal EAA losses. The ratio (DEB 108/219) of the 
mean of ileal EAA losses for the indispensable and dispensable AA was 
81 and 82%, respectively. The same values for the ratio of corn starch-to-
dextrose (0.31/1.04) for indispensable and dispensable AA were 99 and 
97%, respectively. Data from this study showed that ileal EAA losses in 
the ileum of 48-d old chicken are significantly affected by DEB and not 
by the ratios of corn starch-to-dextrose that were fed.

Key Words: broiler, corn starch, dextrose, endogenous amino acid, dietary 
electrolyte balance

T137 Effects of dietary lysine and methionine supplementation 
on growth performance and meat yield of male broilers Wei Zhai*1, 
E. David Peebles1, Wes Schilling1, Yves Mercier2 1Mississippi State 
University, Mississippi State, MS; 2Adisseo, Commentry, France
A trial was conducted to determine the effects of dietary lysine (Lys) and 
methionine (Met) supplementation on growth performance and meat 
yield of male Ross × Ross 708 broiler chicks. A completely randomized 
block design with 2 × 4 factorial arrangement of treatments was applied 
(10 blocks, 8 treatments/block, 12 chicks/pen). The diets, including 2 
Lys levels (100 and 120% of recommended levels) and 4 Met levels (80, 
100, 120, and 140% of recommended levels), were fed from 21 to 42 d 
of age. As recommended by NRC, the 100% Lys was set at 1.00% and 
100% Met level was set at 0.38%, respectively. Data were analyzed by 
ANOVA of SAS 9.3 using the GLM procedure. When the chicks were fed 
diets with 100% Lys, the FCR from d 21 to 41 was the lowest when the 
chicks were fed diets with 120% Met. However, when the chicks were 
fed 120% Lys diets, the FCR was linearly reduced as Met inclusion in 
the diets increased (P < 0.0001). Similarly, BW on d 41 was increased 
and then plateaued when the diets of the birds were supplemented with 
100% Lys and 100 or 120% Met; BW on d 41 increased linearly as Met 
supplementation in the diet was increased and when Lys was at 120% 
(P < 0.0001). Similarly, responses to Lys and Met supplementation were 
found in relative pectoralis major (breast fillet), and in wing and front half 
(P < 0.0001) yields. However, relative leg to carcass yield was decreased 
by an increase in Met supplementation (P < 0.0001). In conclusion, birds 
responded differently to dietary Met when Lys levels varied. In addition, 
the improvement in meat yield in response to Met supplementation was 
mainly due to improvements in relative front half rather than leg yields.

Key Words: broiler, growth, lysine, methionine, meat yield

T138 Digestible Thr to Lys ratio of male broilers from 21 to 35 days 
of age Z. Jiang*1, W. A. Dozier2, P. B. Tillman3 1Ajinomoto Heartland Inc., 
Chicago, IL; 2Auburn University, Auburn, AL; 3PTNS, Buford, GA
An experiment was conducted to ascertain digestible (dig) Thr to Lys 
ratio of male broilers from 21 to 35 d of age. Sixteen Hubbard × Cobb 
500 male broilers were randomly distributed into 64 floor pens (25 birds 
per pen; 0.09 m2/bird) at 1 d of age and fed a common starter diet until 20 
d of age. From 21 to 35 d of age, 2 diets consisting of corn, soybean meal, 
poultry by-product meal, and peanut meal were formulated to be surfeit 
in limiting amino acids and contained 0.49 or 0.77% digestible Thr. Di-
gestible Lys was formulated to contain 0.95% in both diets. The 2 diets 
were mixed in varying proportions to create 8 titration diets. Calculated 
digestible Thr to Lys ratio ranged from 0.512 to 0.806 in increments of 
0.04. Each treatment was represented by 8 replicate pens. Body weight 
gain, feed intake, feed conversion, mortality, carcass yield, total breast 
yield, and abdominal fat percentage were assessed. Male broilers fed gra-
dient concentrations of dig Thr displayed significant (P ≤ 0.02) quadratic 
responses for BW gain and feed conversion from 21 to 35 d of age. Di-
gestible Thr requirements were estimated using a quadratic broken-line 
model. Digestible Thr to Lys ratio for male Hubbard × Cobb broilers was 
estimated at 0.68 and 0.67 for BW gain and feed conversion. Progressive 
concentrations of dig Thr decreased (P ≤ 0.02) abdominal fat percentage, 
but did not affect carcass or total breast meat yields. These data indicate 
that dig Thr to Lys ratio for modern broilers from 21 to 35 d of age, based 
on growth performance, are higher than previously reported.

Key Words: amino acid, broiler, threonine

T139 Effects of dietary amino acid density, additional fat and 
xylanase levels on mineral utilization and bone traits of broilers Edgar 
O. Oviedo-Rondón*1, Carlos Bôa-Viagem Rabello2, Manuel J. Da Costa1, 
Juan Carlos Rios Alva3, Maria Carolina Diaz4, Craig Wyatt5 1Prestage 
Department of Poultry Science, North Carolina State University, Raleigh, 
NC; 2Universidade Federal Rural de Pernambuco, Recife, Pernambuco, 
Brazil; 3Universidade Estadual Paulista, FVMZ, Jaboticabal, SP, Brazil; 
4Universidad de Ciencias Aplicadas y Ambientales, UDCA, Bogota, 
Colombia; 5AB VISTA, Plantation, FL
Dietary amino acid density (AA), fat content and xylanase levels (X) may 
affect mineral utilization and bone strength. This study was conducted to 
evaluate the effects of AA, additional energy from fat post-pellet (FL) 
and xylanase levels in corn-soybean diets with DDGS on broiler calcium 
and phosphorus utilization and bone biomechanical properties. A total of 
2,112 d-old male Ross 708 broilers were placed in 96 pens. The 16 treat-
ments consisted of diets formulated with 2 AA densities (High and Low, 
10% difference), 2 FL (basal and additional fat to increase ME to 100 
kcal/kg) and 4 levels of X (0, 8000, 16000 and 32000 BXU/kg). Starter, 
grower and finisher diets were fed from 1 to 16, 17 to 35 and 36 to 49 d 
of age, respectively. Fresh feces were collected for 2 d in the starter and 
finisher phases. Celite was used as an inert marker. Apparent phosphorus 
(PD) and calcium (CaD) digestibility coefficients were obtained. At 16 
and 42 d of age, 3 and 2 broilers, respectively, were sampled to evalu-
ate femur, tibia and shank relative weights, length, density, ash and tibia 
strength (force, N; and Max stress, MPa). Data were analyzed as a CRBD 
with a 2×2×4 factorial arrangement of treatments. In the starter phase, 
three way interaction effects (P<0.001) were observed. Broilers fed Low 
AA, basal diets without additional FL and 8000BXU/kg had the best CaD 
and PD. Broilers fed High AA diets had longer, denser and stronger tibias 
with more ash than broilers fed Low AA. Even though, X inclusion in-
creased CaP and PD, tibia biomechanical properties were not significant-
ly affected. In the finisher phase, a quadratic effect of X (P<0.001) was 
observed both on CaD and PD. Levels of 8,000 and 16,000 BXU/kg im-
proved both parameters. Furthermore, a three-way interaction (P<0.001) 
was detected on PD. No significant effects of treatments were observed 
on tibia properties at 42 d of age. In conclusion, X inclusion improved Ca 
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and P utilization, and dietary AA density affected some bone parameters 
during early development.

Key Words: bone, broiler, calcium, phosphorus, digestibility

T140 Evaluating the effects of feeding OVN and US industry-
fed vitamin levels on growth performance, processing yields and 
profitability Leonel Mejia*1, Bradley Turner1, Nelson Ward1, Dave 
Burnham2, Marc de Beer1 1DSM Nutritional Products, Parsippany, NJ; 
2Nash Johnson and Sons Farms Inc, Rose Hill, NC
A randomized complete block design study evaluated the supplementa-
tion of Optimum Vitamin Nutrition (OVNTM) and US industry-fed vi-
tamin levels on growth performance, processing yields and economic 
return over feed cost of broilers during a 48-day grow-out period. One 
thousand four hundred and forty Ross 344 × Ross 708 day-old male 
broilers were allotted to 24 pens of 60 broilers each. The 4-phase diets 
were composed of corn, soybean meal and meat and bone meal with the 
inclusion of a phytase enzyme, and formulated to simulate commercial 
nutritional specifications. There were eight blocks with three randomized 
treatments. Fed across all dietary phases, the treatments were (1) Low 
25% of industry-fed vitamin levels; (2) Average industry vitamin levels; 
and (3) OVNTM levels. Industry vitamin levels were obtained from a 2011 
DSM survey that accounted for approximately 70% of the US broiler 
industry. Broilers had ad libitum access to feed and water. Broilers and 
feed were weighed on d 13, 28, 42 and 48, and BW gain, feed consump-
tion, and feed conversion ratio (FCR) were calculated. Additionally, at 
49 d of age, 10 broilers per pen were processed, and weights were mea-
sured and yields were calculated. Mortality was unaffected (P>0.05) by 
the dietary treatments. BW gain and FCR were improved (P<0.05) when 
broilers were fed Average and OVNTM levels. Vitamin levels had no ef-
fect (P>0.05) on feed consumption. Breast meat yield, a parameter more 
sensitive than growth performance, was optimized (P<0.05) when broil-
ers were fed OVNTM levels. Increasing vitamin supplementation levels 
in diets fed to commercial broilers optimized growth performance and 
processing yields. Based on an economic analysis of return over feed cost 

when the study was conducted, the most profitable diet was based on the 
OVNTM supplemented vitamin levels. 

Key Words: vitamin, breast meat yield, survey, return over feed cost

T141 Effects of 25-hydroxicolecalciferol (25-OH-D3) on performance 
and bone mineral deposition of broiler chickens Sergio Vieira*1, 
Catarina Stefanello2, Liliane Borsatti2, Silvana Rauber2, Rafael Hermes3 
1Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil; 
2UFRGS, Porto Alegre, Brazil; 3DSM Nutritional Products, Sao Paulo, 
Brazil
A study was conducted to evaluate the supplementation of 25-OH-D3 
in broiler feeds. A total of 704 slow feathering 1 d-old Cobb 500 male 
broilers were randomly distributed into 4 treatments with 8 replicates 
(22 birds each). Treatments were distributed in a factorial of diet type 
(Basal or low absorption - LA, which had 6% raw soybeans added) and 
supplemented with 25-OH-D3 at 69 mg/Ton of feed (SUP) or not supple-
mented (NS). The study lasted until 40 d when 3 birds per replicate were 
sacrificed and tibia, femur and middle toes were collected for mineral 
deposition evaluation. Animal performance was weekly registered. There 
was no interaction between factors on animal performance, but birds fed 
LA diets had lower (P<0.05) body weight gain (BWG) at 2.85 kg and 
worse FCR at 1.59 when compared to birds fed Basal diets (2.95 kg and 
1.55, respectively). The SUP treatment tended to increase BWG at 2.92 
kg (P<0.08) and had improved FCR at 1.52 (P<0.001) when compared 
to NS diet (2.88 kg and 1.62, respectively). It was not observed any sig-
nificant differences on tibia ash content. An interaction was observed for 
femur and middle toe ash contents, with LA-NS diet leading to reduced 
femur ash (2.32 g) and middle toe (55.4 mg) when compared to LA-
SUP (3.31 g and 100.7 mg, respectively). In conclusion, adding 6% raw 
soybeans was able simulate nutrient malabsorption since it led to losses 
in performance and bone ash; the effects of LA diet on bone ash were al-
leviated when 25-OH-D3 was supplemented.

Key Words: broiler, 25-OH-D3, mineral deposition
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P142 Mycoplasma gallisepticum isolates from chicken-flocks in 
Jordan and their relation to live vaccines Saad Gharaibeh*, Rashid Al 
Senadi Jordan University of Science and Technology, Irbid, Jordan
This study was conducted to investigate the circulating Mycoplasma gal-
lisepticum (MG) strains in Jordan and their relation to the live vaccines 
used in the field. MG was isolated from 15 different chicken flocks in 
Jordan between March, 2011 and April, 2013. Three isolates were from 
broiler-breeder flocks, one from a layer flock, and 11 from broiler flocks. 
Polymerase chain reaction for mgc2 gene on initial Frey’s broth cultures 
revealed presence of two different band-sizes in three flocks (one broiler-
breeder flock and two broiler flocks). Mycoplasma colonies on Frey’s 
agar medium were picked to grow pure cultures from each flock. Also, 
two different pure cultures generating different band sizes were grown 
from the flocks with dual bands. Sequencing of mgc2 gene revealed the 
presence of Jordan wild-type MG strain (Genbank # HQ143379) in 14 
out of the 15 flocks. This is in agreement with our previous study indicat-
ing the spread of wild-type MG strain in chicken flocks in Jordan. One 
broiler-breeder flock had F-strain like isolate although it was vaccinated 
with TS-11 strain. This is also with agreement with our previous study 
that suggested the spread of F-strain among unvaccinated flocks. Three 
flocks with dual bands all revealed sequences of mgc2 similar to 6/85 in 
addition to Jordan wild-type MG strain. The broiler-breeder flock was 
vaccinated with 6/85 vaccine but the two broiler flocks were not given 
any live vaccines against MG. It is known that 6/85 strain has little or no 
transmissibility from bird to bird and hence its presence in unvaccinated 
broiler flocks should be investigated. 

Key Words: Jordan, chicken, Mycoplasma gallisepticum, vaccine, se-
quence

P143 Serological and Morphometric profile in broilers from Táchira 
State, Venezuela. Carlos Perez*1, Maria Zambrano2 1University of Zulia, 
Maracaibo, Venezuela; 2Universidad del Zulia, Maracaibo, Venezuela
The aim of this study was to determine the serological and morphomet-
ric profile in broilers from two areas (A and B) in the State of Táchira, 
Venezuela. The area assessed is not traditional for poultry production. 
To determine the maternal antibody catabolism against Infectious Bur-
sal Disease (IBD), Newcastle disease (ND) and Avian Infectious Ane-
mia (AIA), 400 birds (15 birds/farm) were analyzed at 1, 3, 7, 9 and 14 
days of age. A total of 25 birds/farm ere necropsied at 14, 28, 35 and 42 
days of age in order to assess the lymphoid organs morphometry (spleen 
weight, thymus weight, bursa weight and bursa to body weight ratio). 
Antibody response to vaccination against IBD, ND and AIA were also 
recorded. These parameters were analyzed as immunity indicators and 
compared between the two areas in the study. The maternal antibodies 
did not exceed the 9 days of age in any . The bursal weight were affected 
during the third week of age in the A area (0.748g) and after the fourth 
week of age in the other group showing severe bursal atrophy (0.99g). 
The thymus and spleen kept their normal growth in relation to the body 
weight of birds in both areas. The serological response to vaccination 
against ND, showed low titles with high coefficient of variation (CV) 
(1017 and 108.6% for one zone and 736 and 115.5% for the other), which 
suggests errors in the vaccination process. The antibody titers and their 
CV for IBD at the 42 days of age, in the northern area (6435 and 29.1%), 
suggests field virus exposure for IBD. In summary the differences in the 
finals values found in both areas are probably associated to factors like 
differences in rearing methods, zone conditions, presence of the patho-
gens and immune response. 

Key Words: Morphometric, Broiler, Serology, Venezuela

P144 Altered nitric oxide production by peripheral blood 
mononuclear cells prior to and throughout autoimmune vitiligo 
development in Smyth line chickens Kristen Byrne*SC, Daniel Falcon, 
Gisela Erf University of Arkansas, Fayetteville, AR
The autoimmune vitiligo-prone Smyth line (SL) chickens, along with 
the parental Brown line (BL) and vitiligo-resistant Light-brown Leghorn 
(LBL) control chickens, serve as an animal model for human vitiligo. 
Vitiligo is an autoimmune disorder resulting in depigmented areas of the 
skin (feathers in chickens) due to autoimmune destruction of melanin-
producing pigment cells. While the role of pigment cell-specific immu-
nity has been well established, recent studies also suggest altered innate 
immune activities in SL vitiligo (SLV). The purpose of this study was to 
gain insight into innate immune function by examining spontaneous and 
induced nitric oxide (NO) production of peripheral blood mononuclear 
cells before and throughout the development of SLV. Blood was collected 
from SL (n = 16) and control (8 BL; 8 LBL) chickens at 3, 5, 7, 9 and 15 
wks of age. Peripheral blood mononuclear cells (PBMC) were isolated by 
density gradient centrifugation over Ficoll. Cells were then cultured for 
48 h with stimulation (lipopolysaccharide, LPS; peptidoglycan, PGN) or 
without (RPMI 1640 medium) after which NO production in the culture 
supernates was examined by Griess-reaction. Additionally, proportions 
among PBMC (include monocytes, lymphocytes and thrombocytes) 
were determined by immunofluorescent staining and flow cytomteric cell 
population analysis. Overall, PBMC from SL chickens that developed 
SLV (SL-vit; n = 10) had higher spontaneous and LPS- or PGN-induced 
NO production compared to non-vitiliginous SL-, BL- and LBL-controls 
(main effect, P < 0.005). After adjustments based on numbers of mono-
cytes in the PBMC cultures, NO production was found to be higher in 
unstimulated and LPS-stimulated monocytes from SL-vit compared to 
controls. When NO production by SLV-vit PBMC was examined with re-
spect to onset of SLV, spontaneous production was highest within 3 wks 
of onset; whereas, NO production induced by LPS tended to be highest 
in the weeks before onset and that of PGN near onset and after. Together 
these observations indicate heightened innate immune activities in SL 
chickens that develop autoimmune vitiligo compared to non-vitiliginous 
controls.

Key Words: vitiligo, Smyth line chicken, lipopolysaccharide, peptidogly-
can, innate immunity

P145 Arkansas vaccine virus transmitted to SPF chickens from 
vaccinated broilers does not provide protection from challenge Julia 
McElreath*UG, Brian Jordan, Deborah Hilt, Mark Jackwood The University 
of Georgia, Athens, GA
Avian Infectious Bronchitis Virus (IBV) is a gamma Coronavirus (CoV) 
that causes infectious bronchitis (IB), a highly contagious and economi-
cally significant upper respiratory tract disease in poultry. IBV has mul-
tiple serotypes, and nearly all poultry are vaccinated with at least one 
chicken embryo adapted, live-attenuated IBV serotype. The Arkansas-
DPI (Ark) serotype vaccine has been shown to provide inadequate pro-
tection from homologous challenge and continually circulate through a 
flock. Previous data from our laboratory shows that the Ark vaccine does 
not follow the typical replication pattern observed for most IBV vaccines, 
instead showing a very late single or multiple replication peaks through-
out the life of the bird. This led us to question whether the observed rep-
lication peaks were the result of a single infection of virus cycling in 
the bird, or if chickens are being re-infected by vaccine virus shed into 
the environment. To test this, we placed 200 Ark vaccinated broilers and 
65 non-vaccinated specific pathogenic free (SPF) chickens together in a 
colony house at 1 day of age. The birds were swabbed in the choanal cleft 
area twice a week for 28 days to monitor vaccine virus replication, and 
20 birds of each group were randomly selected to be challenged intraocu-
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larly and intranasally with virulent Ark virus on day 30. Necropsy was 
performed on day 35 and clinical signs, sera, and virus detection were 
analyzed. Vaccine replication was not detected in a significant number of 
broilers until day 24 post vaccination and SPF chickens until day 28 post 
vaccination. Following challenge, 14 of 20 SPF and 9 of 20 broiler chick-
ens tested positive for virus by qRT-PCR. These data demonstrate poor 
vaccine virus replication resulting in poor protection from challenge, 
which is consistent with previous studies. This trial also shows that Ark 
vaccine will spread to other chickens in a flock, indicating that multiple 
peaks of vaccine replication seen in previous trials may be the result of 
multiple infections of vaccine virus.

Key Words: Arkansas, Infectious Bronchitis Virus, Replication, Transmis-
sion, Broiler

P146 Evaluation of dextran sodium sulfate effects on broiler body 
weights J.K. Hargis*UG1, E.A. Vicuna1, V.A. Kuttappan1, A. Menconi1, X. 
Hernandez2, J.D. Latorre1, O.B. Faulkner1, A.D. Wolfenden1, G.I. Tellez1, 
B.M. Hargis1, L.R. Bielke1 1University of Arkansas, Fayetteville, AR; 
2Universidad Nacional Autonoma de Mexico, Mexico City, Mexico
One mechanism by which antibiotic growth promoters increase perfor-
mance parameters in poultry may be through control of enteric inflam-
mation. With the decreasing acceptance of growth promoters in poultry, 
alternatives must be sought to sustain growth and health of flocks, and 
research models capable of inducing and measuring changes in enteric 
inflammation need to be developed. Dextran sodium sulfate (DSS) has 
been successfully used to produce acute and chronic inflammation in ro-
dent models and may be a suitable candidate for poultry research. Exp 
1 evaluated the effects of 0.75% DSS in the drinking water (DW) from 
d3-11. This experiment showed significant (P<0.05) reduction in body 
weight (BW) by d9 (6d of DSS treatment), when compared to untreat-
ed controls. In Exp 2, DSS was provided in DW at concentrations of 
0.062%, 0.125%, 0.25%, and 0.5% from d7-16. There were no significant 
differences between controls and any treatment group, suggesting that 
lower doses were not effectively causing disease. Furthermore, in Exp 3, 
chicks were again evaluated at 0.75% DSS in DW from d10-14. After 4d 
of DW administration, DSS significantly reduced BW when compared 
to untreated control chicks. However, starting with older chicks requires 
a large amount of DSS to induce disease, and thus is not economically 
favored as an inflammation model. Thus, Exp 4 evaluated 0.5% DSS in 
DW of younger chicks from d3–9. Chicks treated with DSS had higher 
body weights than those of controls, suggesting a tight dose-response 
range for DSS in the DW. A final experiment with 0%, 0.75% or 1.5% 
DSS in DW from d10-16 was performed. Differences between control 
and 0.75% DSS groups were not observed until d16, which again is not 
economically favorable. The treatment group that received 1.5% DSS in 
DW showed significant BW differences compared to the control group 
by d13, but clinical signs were too severe to continue and the group was 
terminated before d16. Gross pathological lesions were induced by DSS, 
but consistent BW reduction was not achieved by DW administration. 
Further evaluation of different administration techniques and doses of 
DSS in chicks are warranted.

Key Words: dextran sodium sulfate, enteric inflammation, chickens

P147 Mycoplasma meleagridis in Wild Turkeys Patrick Black*, Dr. 
Naola Ferguson-Noel University of Georgia, Athens, GA
Avian mycoplasmas are pathogens that affect poultry worldwide. The 
commercial poultry industry has significantly reduced the prevalence 
of pathogenic avian mycoplasma although the rate of infection in non-
commercial poultry can be relatively high and these birds can serve as 
reservoirs of infection. Many non-commercial flocks and wild poultry 
are not routinely screened for pathogens as is common practice for the 
commercial industry. In this study we screened two groups of wild turkey 
poults (n= 17) from two different flocks for avian mycoplasma infection 

using serology (SPA, HI, ELISA), PCR and culture. The results were 
negative for M.gallisepticum, M.synoviae and M.iowae but the turkeys 
were infected with M.meleagridis. M.meleagridis is primarily a turkey-
specific pathogen although this mycoplasma species has been isolated 
from other avian species including chickens, peafowl, pigeons and quail. 
Severe clinical signs and lesions associated with M.meleagridis were ob-
served in these poults. There was a very high rate of airsacculitis, stunt-
ing, and abnormal feathering. M.meleagridis was isolated from the tra-
cheas, choanal clefts, foot pads and air sacs of affected turkeys. Moderate 
to severe air sac lesions were observed in all of the wild turkeys at 3, 5 
and 7 weeks of age. Wild turkeys and other non-commercial poultry may 
be significant sources of infection for commercial flocks.

Key Words: Wild turkeys, Mycoplasma meleagridis, Airsacculitis, My-
coplasmosis

P148 Chloroform treatment of egg yolk samples is not necessary to 
titer antibodies by ELISA test Merino Ruben*, Mireya Juarez, Rosalba 
Carreon Universidad Nacional Autonoma de Mexico, Mexico
Egg yolk is a suitable sample for titering antibodies against several avian 
infectious agents, including Mycoplasma, Salmonella, avian influenza, 
Newcastle disease and many others. Several egg yolk treatment proce-
dures have been described, including the use of chloroform, polyethylene 
glycol, soap solution, ammonium sulphate and others. However, these 
procedures are time consuming, increase the test costs and need waste 
treatment to comply with environmental regulations. In this study, egg 
yolk samples from 3 Mexican commercial brands (12 eggs each) bought 
at a supermarket were treated with chloroform (1 part sample + 1 part 
PBS + 4 parts chloroform) or diluted with PBS, centrifuged 20 minutes 
at 1500 rpm and tested in duplicate for antibodies against avian influ-
enza and Newcastle disease by ELISA (Affinitech LTD, Arkansas, USA) 
according to the manufactrurer’s directions. Prevention and control of 
both disease is carried out by vaccination in Mexico. Results showed no 
statistical difference in ELISA titers against avian influenza (1,571 vs 
3,509, 7,177 vs 12,042 and 7,148 vs 8,914) or Newcastle disease (8,715 
vs 10,015, 4,535 vs 5,004 and 8,312 vs 6,072), PBS or chloroform treat-
ments, respectively, in egg yolks from the same brand. These results 
show that not chloroform is needed when using egg yolk samples to test 
for antibodies by ELISA, reducing costs of testing, the hazard waste and 
inactivation labor associated with its disposal. Besides, egg yolk is a very 
suitable sample for serological test that reduces the animal handling and 
biosecurity risks in farms, by taking samples even in supermarkets and 
convenience stores, as well as in distribution centers and hatchery plants. 

Key Words: egg yolk, chloroform, ELISA test, avian influenza, Newcastle 
disease

P149 Detection of neutralizing antibodies against Mycoplasma 
synoviae by serum neutralization assay Vijay Durairaj*, Naola Ferguson-
Noel Poultry Diagnostic and Research Center, The University of Georgia, 
Athens, GA
Mycoplasma synoviae is a pathogenic avian mycoplasma that may ad-
versely affect the health status of poultry worldwide. M. synoviae causes 
synovitis and/or airsacculitis and can result in devastating economic loss-
es in broiler breeders, broilers, layer breeders and layers. Diagnostic as-
says used for early detection of M. synoviae outbreaks are a valuable tool 
in M. synoviae surveillance programs as the rapid and specific detection 
of M. synoviae infection is essential to prevent widespread epidemics. 
Serological tests are still considered first-line diagnostic tests due to their 
amenability high throughput testing and low cost. The main objective 
of this research was to develop a serum neutralization assay to detect 
neutralizing antibodies against M. synoviae infection.This assay was per-
formed in a 96-well plate, by adding a standard concentration of M. syno-
viae culture to diluted concentrations of serum. The plate was incubated 
in humidifying chamber at 370C and read ten days after the assay based 
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on color changing units. The absence or presence of neutralizing antibod-
ies in the serial dilutions of test serum was determined based on the pres-
ence or absence of the growth of the culture (visualized based on color 
change).This assay was employed to evaluate several field samples and 
the results were compared with current serological assays. The results 
of this assay are both qualitative and quantitative. Also titer values of 
this assay are based on specific neutralizing antibodies, this information 
will aid in the understanding the role of protective antibodies against M. 
synoviae in the pathogenesis of disease. This assay can be a useful ad-
dition to the currently available tests to detect M. synoviae outbreaks in 
chicken flocks. As the control of M. synoviae may involve several costly 
measures, including elimination of positive flocks, additional methods to 
confirm infection are valuable to the industry.

Key Words: Mycoplasma synoviae, antibodies, serum neutralization as-
say, diagnostic test, serological assay

P150 Newcastle disease B1 vaccine strain in wild Rock Pigeons in 
Atlanta, Georgia Andrea Ayala*SC1, Cassidy Becker1, Claudio Afonso2, 
Vanessa Ezenwa1, Patti Miller2 1University of Georgia, Athens, GA; 
2Southeast Poultry Research Laboratory, Athens, GA
From June to October of 2012, samples were collected from wild Rock 
Pigeons (Columba livia) in urban neighborhoods of Atlanta, Georgia to 
ascertain the prevalence of pigeon paramyxovirus serotype-1 (PPMV-1). 
PPMV-1 strains are a subset of avian paramyxovirus serotype-1 (APMV-
1) commonly isolated from pigeons, primarily affecting the neurological 
system. APMV-1 is highly contagious, and infection with a virulent strain 
causes Newcastle disease (ND) that is spread to other susceptible birds 
through contact with virus infected saliva and feces. While antibodies for 
APMV-1 were found in 66% of tested Rock Pigeons within the metro 
Atlanta area in a 2002 study, only 5.63% of the serum from 71 Rock 
Pigeons tested positive for hemagglutination inhibition for AMPV-1 in 
this 2012 study. Virus isolation of oral and cloacal swabs from 41 pigeons 
in SPF embryonating chicken eggs was performed. Swabs positive for 
hemagglutination underwent RNA extraction for RT-PCR. Data from se-
quencing cDNA using APMV-1 fusion gene specific primers underwent 
phylogenetic analysis and genotype identification. About 15% of the pi-
geons actively shed virus at the time of capture, which was identified as 
the APMV-1 B1 poultry vaccine, as opposed to the expected PPMV-1 
strains. Moreover, the presence of the APMV-1 strain vaccine strain was 
negatively correlated with pigeon condition, measured as the weight-to-
wing chord ratio and mean retrix growth bar width. Since the B1 vaccine 
is not normally used for pigeons these results suggest that improper vac-
cination practices in poultry and/or lack of biosecurity measures to pre-
vent contact with free-ranging, susceptible avian species may release live 
vaccines into the environment. The association between reduced weight 
and infection may be explained by unthriftiness and poor feed conversion 
in wild birds due to immunological energetic reallocation. The escape of 
live NDV vaccines into the environment need to be further studied as it 
may have far-ranging ecological and economic implications. 

Key Words: Newcastle disease virus, Rock Pigeons, Vaccine escape, 
NDV, Biosecurity

P151 Examples of atypical leukocytes associated with polymicrobial 
bacteremia Paul Cotter* Cotter Laboratory, Arlington, MA
Atypical leukocytes are commonly associated with polymicrobial bacte-
remias (PMB) occurring in apparently healthy poultry. Granulocytes and 
lymphocytes with features suggestive of apoptosis, autophagocytosis, 
oncosis, pyroptosis, and necrosis were present when multiple microbial 
types were found in peripheral blood films. Moreover, cyanophils, a re-
cently described avian granulocyte (Cotter, et al. 2012) are an indicator 
of PMB. When a cyanophil is present there is also PMB. Here cells found 
in commercial layers and broilers, illustrate PMB associated atypia, es-
pecially of leukocytes and cyanophils. Cells found in a commercial layer 

with a white blood cell count (TWBC) of 22,000/μL and a heterophil/
lymphocyte ratio of 0.5, determined by a standard 200 cell differential 
count, are used to illustrate the case. A 100-cell granulocyte differential 
count gave 7 typical, 5 variant, 0 classic, 33 ghost, and 17 dwarf hetero-
phils, 4 basophils, and 3 cyanophils; as well as other abnormal cells. Ab-
normal leukocytes found in a blood sample obtained from a lame broiler 
having a TWBC of 100,000/μL and an H/L ratio of 2.5 shared many of 
the features of the atypical cells found in the healthy animal. 

These observations illustrate some of the difficulties in the interpreta-
tion of peripheral blood differential counts. Abnormal cytology and un-
remarkable H/L ratios can be features of hematology in the presence of 
PMB.

Key Words: Atypia, Polymicrobial bacteremia, granulocyte, cyanophil, 
leukocyte

P152 Antibiotic sensitivity of strains of Escherichia coli causing egg 
peritonitis or salpingitis in commercial layers Viviana San Martín-
Díaz*, Eliana Icochea, Pablo Reyna, Rosa Gonzalez, Giovanna Cribillero 
Universidad Nacional Mayor de San Marcos, Lima, Peru
The present study aimed to assess the antibiotic sensitivity of strains of 
Escherichia coli isolated from laying hens with peritonitis delivered to 
the Avian Pathology Laboratory of the Universidad Nacional Mayor de 
San Marcos (LPA-UNMSM) in the period 2007-2012. Was evaluated the 
sensitivity of 122 strains of Escherichia coli. The analysis took into ac-
count only the antibiotics that were used at least in two of the six years 
studied. Sodium and calcium fosfomycin, showed high sensitivity, reach-
ing 100% in 2009 and 2010 . In combination with other antibiotics, the 
sensitivity decreased slightly, however, these values   remained above 50% 
in most of the years studied, except for the year 2012 when Fosfomicine, 
in all its combinations, showed a sensitivity of less than 50 %. Doxycy-
cline during the years 2007 and 2009 had a high sensitivity (50 to 67%), 
declining in recent years. However, in combination with antibiotics such 
as Ciprofloxacin or Tylosin reached sensitivities up to 100%. Ceftiofur 
sodium and Florfenicol showed sensitivities of over 50%. Amoxicillin, 
Sulfatrimetropim, Norfloxacin, Lincomycin, Enrofloxacin and Oxytetra-
cycline sensitivity levels were below 50 %. We conclude that during the 
years 2007 to 2012, the best antibiotic sensitivity of 122 strains of Esch-
erichia coli isolated from laying hens with peritonitis was obtained by 
Fosfomycin and Doxycycline with their respective combinations.

Key Words: susceptibility, sensitivity, Escherichia coli, peritonitis, laying 
hens

P153 Physical and serological assessment of oil emulsionated 
vaccines against Newcastle disease and avian influenza blended by 
three different methods Rodrigo Cascante*, Victor Madrigal, Elizabeth 
Rodriguez, Donaji Garcia, Daniel Marrufo, Eduardo Lucio Investigacion 
Aplicada, S.A. de C.V., Tehuacan, Puebla, Mexico
Many broiler companies in Mexico blend some concentrated vaccines 
against Avian Influenza (AI) and Newcastle disease (NCV) manufactured 
by different pharmaceutical companies. All of these are made in order to 
obtain a greater immune response performed by an antigenic diversity in 
a single subcutaneous application. The aim of this study is the homogene-
ity assessment in order to evaluate through physical and serological tests 
the blend of the emulsified vaccines against NDV and AI.

Physical tests like microscopy, oil phase dispersion and emulsion stabil-
ity were performed in a vaccine against NDV (NDv), a vaccine against AI 
(AIv) and a vaccine against NDV and AI (NDAIv), and as in 3 NDv and 
AIv different blends: blend 1 was manually stirred in a bottle (B1v), blend 
2 was manually stirred with ladle (B2v), and blend 3 was stirred mechani-
cally with an electric mixer (B3v). Seven SPF chickens groups were vac-
cinated: A (NDv), B (AIv), C (B1v), D (B2v), E (B3v), F (NDAIv) and 
G (NDAIv + B3v). Antibody titers were weekly (0 to 28 days) evaluated.
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Emulsion vacuoles were smaller and their homogeneity was greater 
in NDAIv and NDv unblended vaccines than AIv vaccine. Regarding 
blended vaccines, B1v vaccine had smaller, clumper and homogeneous 
vacuoles respect to B2v and B3v. Oil phase dispersion test showed that 
unblended and blended vaccines were water in oil emulsions; so, both of 
them had satisfactory emulsion stability at 37 and 4 °C. Serologic testing 
showed that groups F and G, had the highest antibody titers with lower 
coefficient of variation (CV), being the only groups with protective ti-
ters for both antigens at 14 days PV, that were statistically significant (p 
<0.05).

The small oil emulsion vacuoles, a greater homogeneity and stability are 
characteristics that provide a larger contact surface to obtain a rapid up-
take of the vaccine in the subcutaneous tissue with a faster seroconver-
sion to protective titers (14 days PV). The use of a NDV+AI unblended 
vaccine, allows higher antibody protective titers (14 days PV) with lower 
CV.

Key Words: Newcastle disease, Avian Influenza, Vaccines, Oil emulsion, 
Serological test

P154 Effects of probiotics and application methods on performance 
parameters of commercial broiler chickens undergoing an Eimeria 
infection Miranda Ritzi*SC1, Wael Abdelrahman2, Michaela Mohnl3, Rami 
Dalloul1 1Virginia Tech, Blacksburg, VA; 2Faculty of Veterinary Medicine, 
Suez Canal University and BIOMIN Holding GmbH, Herzogenburg, 
Austria; 3BIOMIN Holding GmbH, Herzogenburg, Austria
Coccidiosis is an inherent risk in the commercial broiler industry and 
inflicts devastating economic losses to poultry operations. Probiotics may 
provide a potential alternative to the prophylactic use of anticoccidials 
in commercial production.  This study evaluated the effects of probiotic 
applications (feed and water) on bird performance and resistance to a 
mixed Eimeria infection in commercial broilers. On day of hatch, 1008 
commercial male broilers (Cobb 500) were assigned to one of 6 treat-
ments (8 replicate floor pens; 21 birds/pen), including non-infected nega-
tive control (NEG), Eimeria-infected positive control (POS), anticoc-
cidial control (salinomycin, SAL), intermittent high dose water-applied 
probiotic (WPI), continuous low dose water-applied probiotic (WPC), 
and one feed-supplemented probiotic (FSP). On d15, all birds except 
those in NEG were challenged with a mixed inoculum of E. acervulina, 
E. maxima, and E. tenella. Measurements were taken on d7, 15, 21, 28, 
35 and 42. Fecal samples were collected from d20-d24 for oocyst counts, 
and lesion scores were evaluated on d21. Data were analyzed using the 
Fit Model platform in JMP 9.0 (SAS). Differences in experimental treat-
ments were tested using Tukey HSD following ANOVA with significance 
reported at P ≤ 0.05. Overall, NEG birds outperformed all other groups. 
For performance, the probiotic groups were comparable to the SAL treat-
ed birds, except during the 6 days immediately following the Eimeria 
sp. challenge, where the SAL birds exhibited better performance. WPC 
birds had lower duodenal and jejunal lesion scores, indicating a healthier 
intestine and enhanced resistance to Eimeria sp. Birds in the WPI treat-
ment shed fewer oocysts in the feces, though this was not a trend for all of 
the probiotic treatment groups. The results of this study suggest probiotic 
supplementation without anticoccidials can enhance performance and 
help alleviate the negative effects of a mixed Eimeria infection.

Key Words: Probiotic, Coccidiosis, Broiler, Performance

P155 Pathological aspects of NDV infection in the ICPI model 
Veridiana M B D Moura*1, Corrie C Brown2, Patti J Miller3, Claudio L 
Afonso3, Leonardo Susta3 1Federal University of Goiás, Goiânia, Brazil; 
2University of Georgia, Athens, GA; 3United States Department of 
Agriculture, Athens, GA
Newcastle disease (ND) is caused by virulent strains of Newcastle dis-
ease virus (NDV), and is a devastating disease of poultry worldwide. The 
intracerebral pathogenicity index (ICPI) is the internationally recognized 

system used to assess the virulence of NDV strains, with those scoring ≥ 
0.7 considered virulent. Although widely deployed, there is no detailed 
description of lesions and viral distribution occurring in chickens infected 
with the ICPI method. In this study, a medium-virulence (Anhinga, ICPI 
1.45) and one high-virulence (California, 1.75) NDV strain were used in 
order to evaluate pathology and viral replication (immunohistochemistry, 
IHC) in the nervous tissue and extra-encephalic sites (spleen) of chick-
ens inoculated with ICPI method. For both strain, results showed that 
virus replication in the brain occurred in two distinct spatial patterns: 1) 
surface oriented (ependyma, chorioid plexus, neurons surrounding the 
ventricular system, meninges, and 2) perivascular (neurons surrounding 
scattered vessels). Replication was also observed in the spleen, confirm-
ing systemic virus replication with both strains. In all cases, IHC stain-
ing increased with time after inoculation, and it was more intense and 
extensive with the California strain. Histologically, lesions were observed 
mainly in birds infected with the California strain and consisted of neuro-
pil vacuolization, focally extensive demyelination, and splenic necrosis. 
In conclusion, these results show that ICPI-inoculated chickens suffer 
from both local (encephalic) and systemic viral replication, and that in-
creased NDV replication in the brain is associated with a higher IPCI 
score, suggesting that viral replication in the brain is an intrinsic feature 
of the very virulent strains. This study is the first description of NDV 
pathology of chickens infected with the ICPI method, and offers a useful 
roadmap to better understand the biological meaning of the ICPI, and to 
serve in future detailed NDV neuropathogenesis studies. 

Key Words: Newcastle disease, Intracerebral pathogenicity index, Immu-
nohistochemistry, Pathology, Neuropathogenesis

P156 Derivation of chicken induced pluripotent stem cells partially-
resistant to Newcastle disease virus through multiple rounds of infection 
Leonardo Susta*1, Ying He2, Jessica McCabe2, Lu Yangqing2, Franklin D. 
West2, Steven L. Stice2, Ping Yu2, Claudio L. Afonso1 1Southeast Poultry 
Research Laboratory, USDA-ARS, Athens, GA; 2University of Georgia, 
Athens, GA
Newcastle disease (ND), caused by Newcastle disease virus (NDV), is 
a devastating disease of domestic poultry that causes severe economic 
losses both in developing and developed countries. Induced pluripotent 
stem cell (iPSC) technology is a system where adult cells, such as skin 
fibroblasts, can be reprogrammed into an embryonic state almost identi-
cal to embryonic stem cells. This technology has been widely used for 
mammalian species and enables the generation of transgenic animals 
with complex genetic modifications- introduction of transgenes, targeted 
gene deletions, point mutations and conditional ablations. Recently, iPSC 
approaches have been successfully applied to chicken and quail cells. 
Chicken induced pluripotent stem cells (ciPSCs) may potentially be uti-
lized to produce genetically or epigenetically modified cells that could be 
used to define mechanisms of resistance to important avian pathogens, 
including NDV. As these are novel cell lines, there is currently no in-
formation regarding the potential of ciPSCs to be infected by NDV. The 
aim of the present work was to assess the preliminary characteristics of 
the interaction between NDV and ciPSCs, and to establish a screening 
method to select ciPSCs resistant to NDV. Results showed that ciPSCs 
are permissive to NDV infection, with a lytic cycle dependent on the 
multiplicity of infection, and that are able to clear the virus quickly af-
ter infection. A selection system devised to harvest surviving cells after 
multiple rounds of infection demonstrated that ciPSCs rescued for nine 
consecutives cycles of NDV infection have a statistically significant de-
crease in NDV-induced lysis (> 40 folds), compared to never-infected 
ciPSCs. These results demonstrate that ciPSCs are amenable to undergo 
selection under NDV selective pressure, indicating that this system could 
be applied to study the mechanisms of stem cell resistance to other avian 
infectious agents.

Key Words: ciPSCs, NDV, ND, Resistance, Selection
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P157 Evaluation of TaqMan® Salmonella Enteritidis Detection Kit 
for the detection of Salmonella ser. Enteritidis in shell eggs Guodong 
Zhang*, Eve Thau, Eric Brown, Thomas Hammack U.S. Food and Drug 
Administration, College Park, MD
Salmonella ser. Enteritidis is the leading reported cause of Salmonella in-
fections. Most Salmonella ser. Enterritidis infections are associated with 
shell eggs and egg products. Rapid detection of Salmonella ser. Enter-
ritidis in shell eggs is essential for enforcing FDA’s final rule “Preven-
tion of Salmonella Enteritidis in Shell Eggs During Production, Storage, 
and Transportation” (codified at 21 CFR part 118). The objective of this 
project was to evaluate the effectiveness of TaqMan® Salmonella En-
teritidis Detection Kit for the detection of Salmonella ser. Enteritidis in 
shell eggs. Three Salmonella ser. Enterritidis (3 phage types) and one 
Salmonella ser. Heidelberg isolates were used in the study. A bulk pooled 
liquid eggs weighing 52 or 56 kg (approximately 1100 eggs) were used 
in each trial. They were inoculated with Salmonella at 1 to 5 CFU/L eggs. 
Twenty 1 L samples were withdrawn from the pooled eggs for both a new 
and the reference FDA’s BAM culture methods. Preenrichment samples 
were used for DNA extraction. Real time PCR was performed following 
the manufacturer’s instructions. A total of eight trials were conducted. 
All Salmonella ser. Heidelberg samples (positive or negative) by culture 
methods were negative by TaqMan® Salmonella Enteritidis Detection 
Kit. PCR results from the three Salmonella ser. Enterritidis phage types 
matched the results from the culture methods. Addition of another target 
for the genus of Salmonella would make the protocol more universal for 
monitoring and detecting Salmonella spp. in eggs and egg products.

Key Words: Salmonella, egg, detection, PCR

P158 An evaluation of the supplementation of 25-hydroxicolecalciferol 
on broiler meat quality. Catarina Stefanello*1, Liris Kindlein2, Sergio 
Vieira2, Liliane Borsatti2, Heitor Rios2, Rafael Hermes3 1Universidade 
Federal do Rio Grande do Sul, Porto Alegre, Brazil; 2UFRGS, Porto 
Alegre, Brazil; 3DSM Nutritional Products, Sao Paulo, Brazil
A study was conducted to evaluate the supplementation of 25-OH-D3 in 
broiler feeds and its effect on meat quality parameters. A total of 704 slow 
feathering 1 d-old Cobb 500 male broilers were randomly distributed into 
4 treatments with 8 replications (22 birds each). Treatments were distrib-
uted in a factorial of diet type (Basal or low absorption - LA, which had 
6% raw soybeans added) and supplemented with 25-OH-D3 at 69 mg/
Ton of feed (SUP) or not supplemented (NS). The study lasted until 40 d 
when 3 birds per replication were sacrificed and breast muscle, the right 
thigh and drumsticks were collected from each bird for meat quality eval-
uation. In general, carcass and commercial cut yields were not affected 
by the treatments, one exception was abdominal fat which was reduced 
(P<0.02) when birds were fed SUP diet (1.87 vs. 1.69%). Breast meat 
cooking losses after 24 h and 7 d storage were reduced (P<0.05) with 
SUP compared to NS fed birds, regardless of diet type (1.99 vs. 1.34% 
at 24h and 13.8 vs. 12.5% at 7 d). The SUP treatment increased the 24 h 
pH (P<0.05) (5.88 vs. 5.90 at processing time) but not at 24 h (P>0.05). 
Lipid oxidation of thigh meat after storage was reduced when birds were 
simultaneously fed Basal and SUP diets (TBARS = 0.75 vs. 0.96). An 
evaluation of black bone syndrome was done with tibiae after cooking 
the collected drumsticks, which indicated that the percentage of accept-
able bones were not significantly increased by 29 % when birds were fed 
LA - SUP diets. In conclusion, the diets supplemented with 25-OH-D3 
led to improvements in some meat quality parameters, which included 
appearance of tibiae bone.

Key Words: broiler, 25-OH-D3, meat quality, black bone

P159 Chemical additive to enhance antimicrobial effect of chlorine 
during pilot scale immersion chilling of broiler carcasses Mark 
Berrang*1, Brad Schambach1, Mark Harrison2, Richard Meinersmann1 
1USDA-Agricultural Research Service, Athens, GA; 2University of Georgia, 
Athens, GA
A prior laboratory scale study demonstrated the potential for T-128, a 
proprietary blend including propylene glycol and phosphoric acid, to en-
hance the antimicrobial efficacy of chlorine during immersion chilling 
of broiler parts. The objective of the current study was to test the addi-
tion of T-128 to chlorine to limit cross contamination of broiler carcasses 
with Campylobacter and Salmonella during immersion chilling in a pilot 
scale system. Two identical paddle agitated chill tanks were filled with 
75 L of tap water and 40 kg of ice. Chlorine was added to each tank to 
achieve 50-60 ppm free chlorine. T-128 at a concentration of 0.5% was 
added to one tank. Perforated paddles which rotate at a set speed kept 
carcasses separated in four different chill tank sections while allowing 
water and ice to mix freely. Six un-inoculated carcasses were placed into 
each of two non-contiguous sections of the chill tanks. Intervening sec-
tions were also filled with six carcasses, three of which were inoculated 
with approximately 6.0 log CFU antimicrobial resistant marker strains 
of Salmonella and Campylobacter the other three were un-inoculated 
companion carcasses. This allowed for cross contamination of compan-
ion carcasses by direct contact with inoculated carcasses and cross con-
tamination of separated carcasses by chill-waterborne transfer. After a 
45 min chill process, all carcasses were sampled by whole carcass rinse; 
rinsate was sampled for presence of the marked strains of Salmonella and 
Campylobacter. Three replications were conducted. After chilling, 94% 
of inoculated carcasses were positive for Salmonella in both the control 
and T-128 treated tanks. However, 83% of un-inoculated companion car-
casses were positive when chilled with chlorine compared to just 33% of 
those chilled with the addition of T-128. Separated carcasses were also 
less likely to be Salmonella positive when T-128 was included in the 
chill water (0.8% vs 33%). For Campylobacter, all inoculated carcasses 
(100%) chilled with just chlorine were positive while only 44% of those 
treated with T-128 were found to be positive. Fifty-five percent of un-in-
oculated companion carcasses chilled in chlorine alone were positive for 
Campylobacter while 17% of those in the T-128 tank were positive. For 
waterborne cross contamination, rates of Campylobacter detection were 
25% for the chlorine treatment and 0% for the T-128 treatment. Based on 
these data, it appears that the combination of 0.5% T-128 with chlorine is 
more effective than chlorine alone to prevent both carcass to carcass and 
waterborne cross contamination of broiler carcasses with Salmonella and 
Campylobacter during immersion chilling. 

Key Words: Broiler chilling, Campylobacter, Salmonella, cross contami-
nation

P160 Characteristics of a broiler meat consumer’s market Rodrigo 
Garófallo Garcia*, Carolina Obregão da Rosa, Erlaine Binotto, Clandio 
Favarini Ruviaro, Irenilza de Alencar Nääs Federal University of Grande 
Dourados - UFGD, Dourados, Brazil
Brazilian poultry production has undergone many changes in the late 
years, mainly due to intensive farming system and the highly competi-
tive dynamics of this market. These demands require understanding the 
behavior of final consumers to obtain information that can affect the ac-
tions throughout the chain. However, the eating and drinking habits have 
different characteristics from one region to another. This study proposed 
to determine the characteristics of the consumer market, in order to un-
derstand the consumer of a medium-sized town perception of the relevant 
aspects of broiler meat. A field survey was applied using a sample of 
2.000 consumers. The methodology of market research was used in the 
survey. Descriptive statistics were applied to data. The value given to 
broiler meat quality at the supermarket increases as the consumers’ salary 
increases (31%). The convenience of buying some specific meat cut was 
valued by consumer (43%) more than its price (10%). Besides the low in-
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come families leaving in the minimum wage all income classes presented 
a similar result, and 50% of the answers declared eating broiler meat once 
or twice a week. In general, the frequency of eating broiler meat decreas-
es when the salary increases, as the consumer has more options of eating 
others meats, such as beef. Those responding that occasionally eat broiler 
meat represented 5.82% of the total correlated to low income families 
while only 2.28% of the same answer was from families with high in-
come. Results indicated that broiler meat is the second meat, in order of 
preference of these consumers. There is a tendency for the purchase of 
products with quality, and not only according to the product’ price. The 
relationship between family income and the main relevant characteristics 
when buying poultry meat, proved to be a key aspect.

Key Words: poultry, agribusiness, consumer’s behavior, meat quality, 
poultry meat

P161 Welfare of broilers using phytotherapy during pre-slaughter 
Rodrigo Garófallo Garcia*, Ana Flávia Basso Royer, Irenilza de Alencar 
Nääs, Rodrigo Borille, Mayara Rodrigues de Santana, Fabiana Ribeiro 
Caldara, Kelly Cristina Nunes Federal University of Grande Dourados- 
UFGD, Dourados, MS, Brazil, Dourados, Brazil
Broilers pre-slaughter is considered a critical moment for contributing to 
the increased birds’ stress and the consequent reduction of welfare. The 
objective of this research was to evaluate the use of lemongrass (Cymbo-
pogon citratus Stapf) in the water diet during the pre-slaughter of broilers 
on their behavior, blood cortisol level, and surface temperature. The trial 
used 2,594 birds distributed in a randomized experimental design, in a 
factorial arrangement 3x2x2, with three different levels of lemongrass 
in the form of infusion (0; 1; and 5 g/L of water), two sexes and two 
strains (Ross® 308 and Cobb® 500), and four replicates. At 42 days when 
the birds had a water diet sample broilers were selected for determining 
blood cortisol, and thermal images were recorded. Videos footage were 
recorded for determining the birds’ behavioral ethogram. The blood cor-
tisol levels and the surface temperature of the birds were not influenced 
by the treatments (p > 0.05). The behavioral activities differed between 
levels of lemongrass (p ≤ 0.05), and the birds drinking 5 g/L of lemon-
grass presented more natural behaviors.

Key Words: behavior, blood cortisol, phytotherapy, surface temperature, 
broiler production

P162 Microbial contamination in poultry chillers estimated by Monte 
Carlo simulations Ronald Holser* USDA-ARS, Athens, GA
Recent bacterial outbreaks in fresh and processed foods have increased 
awareness of food safety among consumers, regulatory agencies, and 
the food industry. The risk of contamination exists in meat processing 
facilities where bacteria that are normally associated with the animal 
are transferred to the product. If the product is not stored, handled, or 
cooked properly the results range from mild food poisoning to potential 
life threatening health conditions. One strategy to manage risk during 
production is the practice of Hazard Analysis and Critical Control Points 
(HACCP). This approach has gained acceptance by the United States 
Food and Drug Administration and includes identification and control of 
hazards from raw materials through production and delivery of the fin-
ished product. In keeping with the principles of HACCP a key processing 
step to control bacterial growth occurs at the chiller. The risk of microbial 
contamination during poultry processing is influenced by the operating 
characteristics of the chiller. The performance of air chillers and immer-
sion chillers were compared in terms of pre-chill and post-chill contami-
nation using Monte Carlo simulations. Three parameters were used to 
model the cross-contamination that occurs during chiller operation. The 
model used one parameter to estimate the likelihood of contact and a 
second parameter to estimate the likelihood of contamination resulting 
from that contact. A third parameter was included to represent the influ-
ence of antimicrobial treatments to reduce bacterial populations. Results 

were calculated for 30%, 50%, and 80% levels of contamination in pre-
chill carcasses. Air chilling showed increased risk of contamination in 
post-chill carcasses. Immersion chilling with 50 mg/L chlorine or 5% 
trisodium phosphate added to the chiller water as antimicrobial treat-
ments reduced contamination to negligible levels in post-chill carcasses. 
Simulations of combination air/immersion chiller systems showed re-
ductions of microbial contamination but not to the extent of immersion 
chillers. This is attributed to the reduced exposure time to antimicrobial 
treatments. These results show the relation between chiller operation and 
the potential to mitigate risk of microbial contamination during poultry 
processing.

Key Words: contamination, poultry, probability, processing, risk

P163 Inhibition of Salmonella Typhimurium by Anaerobic Cecal 
Bacteria in Media Supplemented with Lactate and Succinate Arthur 
Hinton Jr*, Kimbery Ingram Russell Research Center, Athens, GA
The ability of anaerobic cecal microflora of broilers to inhibit growth of 
Salmonella Typhimurium in media supplemented with lactate and suc-
cinate was examined. Cecal cultures were prepared by collecting ceca 
of processed broilers from a commercial processing facility, inoculating 
broth media with 10 µl of cecal contents, and incubating media anaerobi-
cally at 35oC for 48 h. Media supplemented with 0, 50, 100, or 150 mM of 
lactate and succinate were inoculated with 0.1 ml of the cecal culture, 104 
cfu/ml of Salmonella, or the cecal culture and Salmonella Typhimurium. 
Media were incubated anaerobically at 35oC for 21 days, and aliquots of 
media were removed on Days 0, 7, 14, and 21 for analysis. Anaerobic 
cecal bacteria and Salmonella were enumerated, and cecal colonies were 
selected from agar and identified using the Biolog Bacterial Identifica-
tion System. Results indicated that on Day 7, significantly (P < 0.05) 
fewer Salmonella were recovered from media supplemented with 100 or 
150 mM of lactate and succinate and inoculated with cecal cultures and 
Salmonella than from media inoculated with Salmonella only. Addition-
ally, on Day 14 significantly fewer Salmonella were recovered from me-
dia supplemented with 50 mM lactate and succinate and inoculated with 
cecal cultures and Salmonella than from media inoculated with Salmo-
nella only. There was no significant difference in Salmonella recovered 
from media inoculated with cecal cultures and Salmonella or Salmonella 
only after 21 days of incubation in media not supplemented with lac-
tate and succinate. Cecal isolates included Arcanobacterium, Abiotropia, 
and Gemella from media with 0 mM lactate and succinate; Lactococ-
cus, Atopobium, and Peptostreptococcus from media with 50 mM lac-
tate and succinate; Bacteroides, Lactococcus, and Arcanobacterium from 
media with 100 mM lactate/succinate; and Lactobacillus, Lactococcus 
and Streptococcus from media with 150 mM lactate and succinate. Find-
ings indicate that cecal bacteria from processed broilers can utilize lactate 
and succinate to produce metabolites that inhibit growth of Salmonella. 
Understanding the anti-Salmonella activity of these bacteria may assist 
in identification of the bacterial isolates that may be included in effective 
probiotics.

Key Words: broilers, competitive inhibition, cecal bacteria, lactate, suc-
cinate

P164 The prevalence of Salmonella enterica serovars Heidelberg and 
Kentucky in the scalder water of a commercial poultry processing 
plant in the southeastern United States. Kellie Cicconi-Hogan*, Jean 
Guard, Kelli Hiett, Arthur Hinton, Kim Ingram, John Gamble, Michael 
Rothrock USDA-ARS, Athens, GA
The purpose of this study was to assess the presence of Salmonella en-
terica present in the water of scalder and chiller tanks from a commercial 
chicken processing plant in the southeaster United States. Three liters 
of scald and chill water were aseptically sampled three times daily for 
three consecutive days – at the beginning of the day before the first line 
of chickens had run though, midday, and then after the last line of chick-
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ens had run. Each sample was split into a ‘raw’ water sample and into 
the filtrate of water that had been filtered using cheesecloth and 0.8 μM 
Nalgene filter unit. Immediately after collection, each sample was tested 
for Salmonella on selective XLT4 and Brilliant Green Sulfa media. Addi-
tionally, DNA was extracted from the samples in order to more precisely 
identify the isolates that were present. Sequencing, PFGE testing and an-
timicrobial susceptibility testing (AST) were done to further characterize 
the isolates. Salmonella isolates were recovered only from the scalder 
water at midday and after the final line had run. None were isolated from 
the chiller water. Of interest were the identities of the serotypes recovered 
from the scalder water. In total, 45 isolates of Salmonella enterica serovar 
Kentucky and 11 isolates of Salmonella enterica serovar Heidelberg were 
found. Several isolates were found to be multi-drug resistant to various 
antimicrobials. There is a potential for a public health risk, as serovar 
Heidelberg has been know to cause food-borne illness in humans. Ad-
ditionally, due to the recent nationwide poultry-associated outbreak of 
the Heidelberg serovar, it will be important to understand the transmis-
sion and environmental dynamics that are optimal for the growth of this 
organism. 

Key Words: Salmonella enterica serovar Heidelberg, poultry, processing, 
scalder water, multi-drug resistance

P165 Development of a rapid serotyping method for Salmonella 
enterica ssp. Enterica Enteritidis using serotype-specific single-
nucleotide polymorphisms. Kellie Cicconi-Hogan*, Jean Guard, Laura 
Lee-Rutherford, Michael Rothrock USDA-ARS, Athens, GA
Salmonella enterica subsp. enterica serotype Enteriditis (S. Enteriditis) 
is the leading cause of salmonellosis worldwide, including the USA. 
Many S. enterica serotypes known to cause foodborne disease are as-
sociated with broiler meat contamination and are human zoonotic patho-
gens (Enteriditis, Heidelberg, Typhimurium). Environmental parameters 
that decrease survival of these Salmonella populations are important to 
identify. It is essential to rapidly pathotype the various types of Salmo-
nella to determine potential food safety-related issues, especially those 
that have accumulated genetic change that enhances virulence. Serology 
(O/H antigen testing) and molecular techniques (Premi® Test) have been 
developed to serotype S. enterica, but they are time-consuming and ex-
pensive. More rapid molecular based-methods need to be developed to 
address the food safety concerns of the poultry industry. The adenylate 
cyclase gene (cyaA) represents an ideal target for these assays due to its 
necessity in both energy production/metabolism and virulence of S. en-
terica serotypes. Primers were designed to target a 300-bp region of the 
cyaA gene, and 5 different SNPs were identified within this region that 
could distinguish between multiple S. enterica serotypes (Enteriditis, Ty-
phi, Typhimurim/Heidelberg, and Kentucky). Probes were designed to 
target these SNPs along the amplified cyaA amplicon, and qualitative and 
quantitative serotyping occurred using a Luminex MagPlex hybridiza-
tion protocol that we developed and optimized. The designed hybridiza-
tion protocol was found to be highly specific to only the target SNP, and 
thus the target serotype, when testing against an extensive panel of S. 
enterica serotypes. Additionally, the protocol effectively analyzed mixed 
cultures of several combinations of targeted and non-targeted serotypes. 
The distribution of these different serotypes, as well as the pathotypes of 
S. Enteriditis, were found to be differentially effected according to the 
culture conditions under which the strains were grown, indicating poten-
tial biases towards certain serotypes. These data contribute to a greater 
understanding of the survival of S. enterica serotypes under different 
cultural conditions and to the survival dynamics of separate serotypes 
and virulence types to one another. Expanding this method to include 
other serotype-specific SNPs within the cyaA gene will allow the poultry 
industry to rapidly determine how much Salmonella is present, which 
serotypes are present and which environmental parameters control the 
survival of the food safety related serotypes. 

Key Words: S. Enteriditis, single nucleotide polymorphisms, food safety, 
cyaA, serotypes

P166 Campylobacter jejuni and C. Coli on broiler carcass after 
chilling in poultry processing plants from Southern Brazil Gustavo 
Perdoncini*UG1, Yuli Melisa Sierra-Arguello1, Leonardo Moreira Lima2, 
Leonardo W. Isolan1, Michele Trindade2, Rafaela Bom Morgan2, Gabriel 
Luz da Silva2, Camila Cristina Gonsalves1, Vladimir Pinheiro do 
Nascimento2 1Federal University of Rio Grande do Sul, Porto Alegre, RS, 
Brazil; 2Federal University of Rio Grande do Sul, Porto Alegre, Brazil
Campylobacter is a zoonotic agent that represents an important pub-
lic health problem and which is nowadays recognized as an emerging 
foodborne pathogen, widely distributed in the poultry industry around 
the world. The incidence of reported human gastrointestinal infections 
is caused mainly by thermophilic Campylobacter in the European Union 
and The United States and has been continuously increasing in recent 
years, being poultry meat an important source of infection. Considering 
the importance of these bacteria for public health, the aim of this work 
was to evaluate the frequency and level of contamination by Campylo-
bacter spp. in poultry carcasses collected from poultry processing plants 
from Southern Brazil. Sampling was performed by convenience during 
the first 6 months of 2012. Fifty-four poultry carcasses were collected 
post-chiller from a federally inspected slaughterhouse and were rinsed in 
1% buffered peptone water. From each sample, 1 mL of rinsed water was 
transferred to 9 mL of Bolton broth, incubated at 41,5°C for 48 hours and 
streaked on mCCDA, followed by the same incubation conditions before, 
both under microaerophilia. Samples suspected of containing Campylo-
bacter spp. were first identified according to ISO 10272-1:2006 meth-
od, and then confirmed by the use of polymerase chain reaction (PCR). 
Campylobacter spp. was isolated in 40 (70,2%) out of 54 carcasses. The 
most prevalent species was C. jejuni (82%), followed by C. coli (8%). 
There were simultaneous identification of C. jejuni and C. coli in 10% 
of the samples. The results of the present study show a high prevalence 
of Campylobacter spp., isolated from carcasses, especially C. jejuni, and 
represent an important finding in terms of public health, because of in-
creased the risk of Guillain-Barré Syndrome. These findings indicate a 
need to improve the biosecurity in the farms as well as the adoption of 
measures during slaughter plants’ operations, in order to reduce the cross-
contamination. Further studies regarding the detection and reduction of 
contamination during the evisceration and chilling steps are strongly rec-
ommended. Finally, these data emphasize the importance of monitoring 
foodborne pathogens such as Campylobacter and the constant need to 
improve the production chain as to reduce carcass contamination.

Key Words: Broilers, Campylobacter, Cross-contamination, Processing 
plant

P167 Yolks color definition by supplementing yellow and red 
xanthophylls to hens’ diets Elisa Helena Giglio Ponsano*, Ligia Mara 
Sandeski, Thiago L. M. Grassi, Manoel Garcia-Neto, Marcos Franke Pinto 
Unesp Univ Estadual Paulista, Araçatuba, Brazil
Egg yolk color may be controlled both by the concentration and the type 
of xanthophylls added to diets, with the aim of meeting consumers de-
mand. The objectives of this work were to study how yellow and red 
xanthophylls present in laying hens` diets influence yolks colors and find 
the concentrations of these ingredients that meet the regional consumer 
desire. A factorial design 5 x 3 with 5 concentrations of yellow xantho-
phylls (lutein + zeaxantin 40%; 1.0, 1.25, 1.5, 1.75 and 2.0 mg/hen/d) 
and 3 concentrations of red xanthophylls (canthaxantin 10%; 0, 0.35, 0.7 
mg/hen/d) was used. After a 30 d period receiving corn basal diets and 
water ad libitum, 60 White Dekalbe hens were distributed to receive the 
15 dietary treatments in 4 replicates. Diets were provided daily at 110 g, 
during 21 d under 16 h light/8 h dark. Yolks colors were evaluated daily 
using the CIE L, a, b color space and the Roche color index. After the col-
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or stabilization, data were analyzed by ANOVA, regression analysis and 
Response Surface Methodology (MRS). Global acceptance for the Roche 
colors was evaluated with a 5 points hedonic scale and data were ana-
lyzed by Friedman and Dunn tests. Significance was established at 95% 
(P < 0.05). Regression analysis showed that the red xanthophylls content 
was the most important factor that defined L, a and b values for yolk 
color (P < 0.0001; square function), although its effect was significantly 
affected by the yellow xanthophylls contents (P = 0.0277; P < 0.0001; P = 
0.0002 for L, a, b, respectively), providing evidence for a synergistic ef-
fect and not for a saturation effect. MRS showed that the highest redness 
of yolks was reached with 1.5 mg/hen/d of yellow and 0.5 mg/hen/d of 
red xanthophylls. So, higher supplementations aiming at increasing yolk 
color would bring an unnecessary cost to the ration. The most accepted 
yolk color scored 9, which corresponded to mean color attributes L = 65; 
a = 16; and b = 64. MRS showed that these values could be reached with 
combinations of yellow:red xanthophylls like 1.0:0.15 or 1.5:0.1 mg/
hen/d or simply with the yellow xanthophylls at 2.0 mg/hen/d. So, it was 
concluded that both yellow and red xanthophylls are important to define 
yolks color; that high amounts of xanthophylls are unnecessary to bring 
changes to color; and that Brazilian consumer requires yolks color attain-
able with few amounts of red xanthophylls or only with the yellow ones. 

Key Words: lutein, zeaxanthin, canthaxanthin, corn, Response Surface 
Methodology

P168 Accurate adjustment of feed formulation for broiler chickens 
on performance and lipid composition of meat Marcos Franke Pinto*, 
Gabriela da Silva Ferreira, Manoel Garcia-Neto, Elisa Helena Giglio 
Ponsano, Camila Angélica Gonçalves, Iderlipes Luiz Carvalho Bossolani 
UNESP - Univ Estadual Paulista, Aracatuba, Brazil
Most consumers consider the fat of chicken meat undesirable for a 
healthy diet, due to the high levels of saturated fatty acids and choles-
terol. The purpose of this experiment was to investigate the influence 
of changes in dietary metabolizable energy level, associated with a pro-
portional nutrient density variation, on broiler chickens performance and 
on the lipid composition of meat. Males and females Cobb 500 broilers 
were evaluated separately. Performance evaluation followed a complete-
ly randomized design with factorial 6x3 arrangement - six energy levels 
(2,800, 2,900, 3,000, 3,100, 3,200 and 3,300 kcal/kg) and three slaughter 
ages (42, 49 and 56 days). Response surface methodology was used to 
establish a mathematical model to explain live weight, feed intake and 
feed conversion behavior. Total lipids and cholesterol were determined in 
skinned breast meat and in thigh meat, with and without skin. For lipid 
composition analysis, a 3x3x2 factorial arrangement in a completely ran-
domized design - three ration’s metabolizable energy levels (2,800, 3,000 
and 3,300 kcal/kg), three slaughter ages (42, 49 and 56 days) and two 
sexes - was used. The reduction in the diet metabolizable energy up to 
close to 3,000 kcal/kg did not affect live weight but, below this value, the 
live weight decreased. Feed intake was lower when the dietary energy 
level was higher. Feed conversion was favored in a direct proportion to 
the increase of the energy level of the diet. The performance of all birds 
was within the range considered appropriate for the lineage. Breast meat 
had less total lipids and cholesterol than thigh meat. Thigh with skin had 
more than the double of total lipids of skinned thigh, but the cholesterol 
content did not differ with the removal of the skin, suggesting that cho-
lesterol content is not associated with the subcutaneous fat. Intramuscular 
fat content was lower in the meat from birds fed diets with lower energy 
level. These results may help to define the most appropriate nutritional 
management. Despite the decrease in bird’s productive performance, the 
restriction of energy in broiler chickens feed may be a viable alternative, 
if the consumers are willing to pay more for meat with less fat.

Key Words: meat fat, cholesterol, subcutaneous fat, intramuscular fat, 
healthy diet

P169 Salmonella levels in broiler spleens and ground chicken Cagatay 
CELIK*, Yue Cui University of Georgia, Griffin, GA
Purpose: The prevalence of Salmonella in ground chicken (30.9%) 
was significantly higher compared to that on post-chill broiler carcasses 
(6.5%) (USDA-FSIS, 2011). Ground chicken is produced by mixing 
and grinding meat parts from different flocks. When Salmonella highly-
contaminated flocks are grinded, they can lead to cross contamination 
of ground chicken products. Salmonella can be internalized in chicken 
spleen. It has been hypothesized that presence and counts of this patho-
gen in spleen may indicate highly contaminated flocks and consequently 
higher levels of ground chicken contamination. The objective of this 
ongoing study is to determine Salmonella levels (presence and counts) 
in broiler spleens as predictor for Salmonella contamination levels in 
ground chicken. 

Methods: In cooperation with a broiler processing plant, 10 composite 
spleen samples (after USDA inspection and evisceration) and 10 25g grab 
samples of ground chicken samples were collected per flock. The spleen 
outside surface was sterilized via dipping in boiling water prior Salmo-
nella testing. Ground chicken samples were tested for Salmonella(counts 
and presence) following the USDA-FSIS methods. We plan to survey a 
minimum of 20 broiler flocks for this study.

Results: Sixty spleen composite samples and 60 ground chicken samples 
were collected and tested for Salmonella. Overall, 13.3% of spleen sam-
ples were Salmonella positive with a mean (log10 MPN/ sample) of 1.1 
(95% CI: 0.79 - 1.34); whereas31.7% of ground chicken samples were 
Salmonella positive with a mean (log10 MPN/ sample) of 1.4 (95% CI: 
0-3.12). 

Conclusion: Salmonella is present at a significant levels in spleen in-
dicating pathogen internalization in broilers. Salmonella prevalence and 
counts in ground chicken were highly variable which may indicate the 
variability in Salmonella status in different broiler flocks. This study will 
be helpful to identify intervention opportunities to reduce Salmonella 
prevalence in ground chicken products.

Key Words: Spleen, Ground Chicken, Salmonella, Internalization, Most 
Probable Number

P170 Sensory and Color Evaluation to Black Bone Syndrome in 
Broiler Chickens´ Drumsticks Ibiara Almeida Paz*1, Grace A. A. Baldo2, 
Marília C. F. Alves3, Irenilza A. Nääs4, Fabiana R. Caldara4, Rodrigo G. 
Garcia4, Edivaldo A. Garcia2, Marcia F. B. Martins2, Andrea B. Molino2 
1Universidade Estadual Paulista, Botucatu, Brazil; 2UNESP, Botucatu, 
Brazil; 3UEM, Botucatu, Brazil; 4UFGD, Dourados, Brazil
The goal was to evaluate the BBS in broilers drumsticks. Black bone 
syndrome (BBS) is caused by the darkening of the bone adjacent tissue 
by leakage of marrow contents during cooking. The experimental design 
was entirely randomized, with two treatments (refrigerated and frozen) 
and 50 repetitions. To evaluate the influence of BBS in the quality of the 
meat, the lightness of the bone (*L), appearance and sensory character-
istics of the meat were examined. The lightness was measured using the 
digital colorimeter positioned in the proximal epiphyseal growth plate. 
The quality of meat was evaluated after your cooking, by assigning scores 
for appearance (acceptable=without darkening, intermediate = little dark-
ened, and unacceptable = severe darkening). Twelve thighs refrigerated 
and 24 frozen were used for sensory analysis (adjacent muscle tissues’ 
appearance, odor, tenderness and flavor), assessed using hedonic scale (1 
= bad to 10 = very good) by trained evaluators. ANOVA and Tukey test 
(p<0.05) were applied t *L values, and the Wilcoxon test (p<0.05) was 
used for analyzing other characteristics. Confidence intervals were estab-
lish for BBS based on the values of *L (<37.5=BBS and >37.5=normal). 
The incidence of BBS was 35% with an increase of 16 percentage points 
when thighs were frozen. The taste was not influenced by the treatments. 
The appearance, flavor and tenderness were not affected by freezing or 
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refrigerated meat, only by the degree of BBS in that fit. To conclude that 
the freezing increases the indexes of BBS and bones with a lower lumi-
nosity have worse quality of meat.

Key Words: Bone quality, femur, meat

P171 WAY OF WALKING AND BODY ANGLE OF BROILERS 
Ibiara Almeida Paz*1, Marilia C. F. Alves2, Irenilza A. Nääs3, Grace A. A. 
Baldo1, Rodrigo G. Garcia3, Fabiana R. Caldara3, Marlon S. Amadori3, 
Marcia F. B. Martins1, Edivldo A. Garcia1, Andrea B. Molino1 1UNESP, 
Botucatu, Brazil; 2UEM, Botucatu, Brazil; 3UFGD, Dourados, Brazil
The gait score, the broiler walking ability, may be used to establish the 
pattern of welfare in poultry; however, there are doubts about the factors 
that influence this assessment. The purpose of this paper is to relate the 
le between the breast and the ground with the walking ability of males 
and females broiler from a commercial strain. The experimental design 
was completely randomized with two treatments (males and females) and 
7 replicates with 40 birds each. Were evaluated the le of the breast and 
condition of equilibrium (CE) in relation to the ground, spondylolisthesis 
(SPO), gait score (GS), body weight (BW) and percentage of breast (% 
B) in relation to carcass. The GS was split into five scores, where 1 = good 
and 5 = very bad. After the GS evaluation, broilers were photographed to 
assess and CE. For SPO assessment, the birds were considered only the 
carrier or not. Breasts with skin and bone were used to estimate breast 
percentage. The data were submitted to ANOVA and Pearson correla-
tion (p<0.05). In general, the characteristics evaluated were correlated. 
There was a negative correlation between GS (p<0.05) and when the GS 
increased the decreased, with similar results for males and females. There 
was no difference (p<0.05) between %B for the birds studied, regardless 
of gender and GS. We concluded that the birds’ walking ability may be 
influenced by the le between the breast and the ground, but not by the 
percentage of breast. 

Key Words: gait score, bone quality, meat

P172 Effect of broiler age on correlations of different bone parameters 
Alemu Regassa*1, Woo Kyun Kim2 1University of Manitoba, Winnipeg, 
Canada; 2University of Georgia, Athens, GA
A study was conducted to examine the correlation among different bone 
parameters in 14 and 21 day-old broiler chickens. A total of 18 day-old 
male broiler chicks were placed in battery brooders and fed a corn/soy-
bean starter diet for seven days and randomly assigned to six pens each 
containing three birds. The chicks were sacrificed on Days 14 and 21 
to collect femur bones for generation bone parameters data. Data were 
analyzed using Spearman’s correlation analysis. The analysis revealed 
that most of the parameters were strongly correlated on both Day 14 and 
21 with slightly declined or weaker correlations on Day 21 for the others. 
Parameters that were strongly correlated both on Day 14 and 21 include: 
total mineral density with trabecular density (r14 = 0.99, p14 = 0.0001; r21 
= 0.90, p21 = 0.0001), total bone area with trabecular area (r14 = 0.99, p14 = 
0.0001; r21 = 1.00, p21 < 0.0001), trabecular mineral content with cortical 
mineral content (r14 = 0.99, p14 < 0.0001; r21 = 0.96, p21 < 0.0001), and 
total mineral content with trabecular mineral content (r14 = 0.99, p14 < 
0.0001; r21 = 0.96, p21 < 0.0001). The correlations of total bone area with 
cortical thickness (r14 = 0.88, p14 = 0.0038; r21 = 0.80, p21 = 0.0095), tra-
becular mineral content with trabecular area (r14 = 0.87, p14 = 0.0051; r21 = 
0.79, p21 = 0.01), and trabecular density with cortical thickness (r14 = 0.89, 
p14 = 0.0024; r21 = 0.71, p21 = 0.03) showed a declining tendency with age. 
Total mineral density (r14 = 0.62, p14 = 0.1; r21 = 0.1, p21 = 0.79) and tra-
becular density (r14 = 0.66, p14 = 0.07; r21 = 0.19, p21 = 0.62) were not cor-
related with trabecular area on both Days 14 and 21. In conclusion, this 
study generated correlation data that provide valuable information how 
age of broilers influence the associations among the bone parameters.

Key Words: Bone parameters, Correlation, Age, Broilers, peripheral quan-
titative computed tomography

P173 Comparison of Poultry Guard Deep Litter Treatment litter 
to windrow and crust-out treated litter on litter quality parameters 
Jennifer Timmons*1, George Malone2, John Bower3 1University of Maryland 
Eastern Shore, Princess Anne, MD; 2Malone Poultry Consulting, Princess 
Anne, MD; 3Trinico Agriculture, Greensboro, NC
Litter amendments are commonly used to reduce ammonia concentra-
tions in the house. Some of these products may also have beneficial ef-
fects on litter quality. A six flock field study was conducted to evaluate 
litter quality parameters (LQP) of litter treated with Poultry Guard (PG) 
Deep Litter Treatment (DLT) compared to the LQP of windrow and crust-
out treated houses. The litter was one flock old at the start of the study. 
The design of the trial was a Randomized Complete Block with a facto-
rial arrangement of treatments (TRT) and 2 and 6 replicates per TRT (PG 
DLT, and crust-out, windrow TRT, respectively). One replicate of the PG 
DLT included flocks 1, 2, and 3 and the second replicate of the PG DLT 
included flocks 4, 5, and 6. The factors included three litter management 
techniques (PG DLT, crust-out and windrow) and two locations within 
the house (brood chamber, BC and tunnel fan end, TF). The PG DLT was 
whole house applied at 200 pounds/1,000 ft2 and incorporated into the 
litter prior to flocks one and four. The crust-out (CO) and windrow (WR) 
treated houses received a top dress layer of PG (100 pounds/1,000 ft2) in 
the brood chamber each flock. The dependent variables were LQP, cake 
score, and fuel usage. No interactions (P≥0.05) were detected therefore 
only main effects will be reported. The moisture content of the litter treat-
ed with PG DLT (23.1%) was lower (P ≤0.05) than the moisture content 
of the CO and WR treated litter (23.5% and 23. 8%, respectively). Similar 
results were detected with litter pH (7.72A, 7.71Aand 7.29B, CO, WR, and 
PG DLT, respectively). In addition, location did effect (P≤0.05) litter pH 
and moisture (pH: 8.1 and 7.21; moisture: 24.2% and 22.9%, TF and 
BC respectively). Fuel usage from the PG DLT house (773 gallons) was 
lower (P ≤0.05) compared to the fuel usage of the CO and WR houses 
(779 and 823 gallons, respectively). Litter management strategies did not 
have an effect on cake score. Results from this trial indicate that PG DLT 
may improve LQP compared to CO and WR treated litters. 

Key Words: amendment, litter, windrow, crust-out

P174 Effect of Various Monochromatic Led Light Colors and Bird 
Age on the Behavior and Fear Response in Ducks Shabiha Sultana*, Md. 
Rakibul Hassan, Ki Woong Kim, Kyeong Seon Ryu Chonbuk National 
University, Jeonju, Republic of Korea
Two studies were conducted separately to evaluate the effect of different 
monochromatic light emitting diode (LED) color on the behavior and 
fear responses of cherry valley ducks from hatch to 6 weeks of age. In 
experiment 1, a total of 200 1-day-old ducklings were used in the experi-
ment (two replications, 25 ducklings/pen), and lighting was set up as fol-
lows: white (W, control, 400–770 nm), yellow (Y, 600 nm), green (G, 520 
nm) and blue (B, 460 nm) LED lights. Ducks were subjected to 23L:1D h 
lighting with 20 lux light intensity. In Expt. 2, light treatments were pro-
vided as pure blue (PB, 440-450 nm), bright blue (BB 460-470 nm), sky 
blue (SB 480-490 nm), greenish blue (GB 500-510 nm), pure green (PG 
520-550 nm) and fluorescent white as control. In both experiments, video 
was recorded twice in a day (2 h in the morning and 2 h in the afternoon) 
and observed 5 consecutive days in a week. Duration of feeding, drink-
ing, sitting, walking, standing, preening, wing flapping, wing stretching, 
tail wagging, head shaking, body shaking, ground pecking, peck object, 
and social interaction behavior were recorded. At 3 and 6-weeks-of-age, 
10 birds per treatment were placed in an independent testing room to 
measure the tonic immobility (TI). In Expt 1, ducks reared in Y and W 
light were more active, as expressed by more walking, standing, ground 
pecking, drinking and social interaction activities than those of ducks un-
der the B light treatment (P < 0.05). Ducks showed more time sitting 
and preening under the B light color (P < 0.05). Feeding, sitting, stand-
ing and drinking behaviors increased, and walking and social interac-
tion behaviors decreased with age of the ducks (P < 0.05). Consistently 
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in experiment 2, birds spent numerically longer time feeding under the 
PG treatment than with other treatments. Walking and standing behavior 
were significantly decreased and sitting behavior was increased under the 
PB light (P < 0.05). In addition, ground pecking behavior was influenced 
by the W light. Thus, the results suggest that Y and W light activated the 
broiler’s movement and fear responses while PB decreased the move-
ment and they spent more time sitting. In addition, the TI test results 
indicated that PB and PG light reduced the fear response of the ducks.

Key Words: LED light color, behavior, tonic immobility, Ducks

P175 Effect of Dietary Concentrations of Energy and Protein on the 
Performance and Behavior of Ducks Shabiha Sultana*, Md. Rakibul 
Hassan, Ki Woong Kim, Kyeong Seon Ryu Chonbuk National University, 
Jeonju, Republic of Korea
The present experiment was conducted to evaluate the effect of dietary 
energy and protein on the performance and behavior of ducks. A total of 
600 d-old ducklings (56.31± 0.29 g) were divided into 3 × 2 factorial ar-
rangements (4 replicate pens/treatment; 25 ducks/pen) and were assigned 
to the diet containing (1–21 d, 2850, 2900 and 2950 kcal of ME/kg and 
22–42 d, 2950, 3000 and 3050 kcal of ME/kg) and CP (1–21 d, 21 and 
22% and 22–42 d, 18 and 19%) respectively. Video was recorded twice 
in a day (2 h in the morning and 2 h in the afternoon) and observed 5 con-
secutive days per week. Duration of feeding, drinking, sitting, walking, 
standing, preening, wing flapping, wing stretching, tail wagging, head 
shaking, body shaking, ground pecking, peck object, and social interac-
tion behavior were recorded. Ducks had ad libitum access to commercial 
pellet and water. Dietary interaction of 2950 kcal/kg ME and 22% CP 
containing diet did increase weight gain (1170.27 g) at first 21d. During 
the 22–42 d, weight gain (2082.98 g) was increased in 3050 kcal/kg ME 
and 18% CP containing diet (P < 0.05). Feed intake was reduced numeri-
cally with the energy content in the diet. Ducks fed diets with a lower 
energy and protein (2850×21 for 1-3 wks and 2950×18 for 4-6 wks) spent 
more time on feed intake and so less time is remaining for activity of 
ducks and thus reduced walking, ground pecking and social interaction 
behavior (P < 0.05). Drinking behavior (11.62 min/h) was increased and 
ground pecking behavior (3.81 min/h) was decreased with protein depen-
dent manner (p<0.05). Increasing the energy and protein contents in the 
diet resulted in decreased feeding time (5.12 min/h) and increased walk-
ing (4.62 min/h) and ground pecking (3.65 min/h) behavior of ducks. In 
this experiment, no significant effect of dietary energy and protein con-
tent on standing, preening, wing flapping, wing stretching, tail wagging, 
head shaking, body shaking behavior were found. Therefore, the present 
results suggest that 2950 kcal/kg ME and 22% CP for the starting period 
and 3050 kcal/kg ME and 18% CP for the finishing period is effective for 
enhancing growth performance without any adverse effect on behavioral 
needs of cherry valley ducks.

Key Words: Dietary energy, Protein, Performance, Behavior, Ducks

P176 Effects of color temperature (Kelvin) of LED bulbs on growth 
performance and carcass characteristics of broilers grown to heavy 
weights. Hammed Olanrewaju*, Joseph Purswell, Stephanie Collier, Scott 
Branton USDA-ARS, MISSISSIPPI STATE, MS
Light-emitting diode (LED) technology has been used in the poultry in-
dustry to minimize energy usage in broiler production facilities. However, 
limited data are available comparing efficacy of different wavelength of 
LED bulbs. The present study evaluated the effects of color temperature 
(Kelvin) of LED bulbs on growth performance and carcass characteris-
tics of broiler chickens grown to heavy weights. The experimental design 
was a randomized complete block design. Four treatments consisted of 3 
LED light bulbs (2700k, Warm [LED-1], 3500k, [LED-2,], 5000k, Cool 
[LED-3]) and incandescent light (ICD, control) from d 0 to 56 d of age 
along with 5 lx intensity starting from 22 to 56 d of age. A total of 960 
1-d-old Ross × Ross 708 chicks were equally and randomly distributed 

into 16 environmentally-controlled rooms at 50% RH. Thus, each of the 
four treatments were represented by four rooms with 4 replicates. Feed 
and water were provided ad libitum. Birds were provided a four phase-
feeding program (Starter: 0-14 d, Grower: 15-28 d, Finisher: 29-42 d, 
and Withdrawal: 44-56 d). Birds and feed were weighed on 0, 14, 28, 42, 
and 56 d of age for growth performance. On d 56, 20 (10 males and 10 
females) birds from each room were processed to determine weights and 
yields. The BW and BW gain, live weight and carcass weights of birds 
reared under LED-2 were significantly (P ≤ 0.05) higher in comparison 
to birds reared under ICD. However, FI, FCR, and mortality were not 
affected by treatments. There was no effect of treatments on fat, breast, 
and tender weights and yields. It was concluded that neutral LED with 
3500k is a better potential light source in comparison to ICD on produc-
tion performance, but equal when compared to other LED light sources 
examined in this study.

Key Words: Light-emitting diode, growth performance, carcass yield, 
stress, broilers

P177 The impact of different color LED light in layer production 
Rodrigo Garófallo Garcia*, Rodrigo Borille, Irenilza de Alencar Nääs, 
Mayara Rodrigues de Santana, Fabiana Ribeiro Caldara, Kelly Cristina 
Nunes Federal University of Grande Dourados, UFGD, Brazil, Dourados, 
Brazil
Artificial lighting is one of the most powerful management tools avail-
able to commercial layer producers. It allows anticipating or delaying the 
beginning of laying, improving egg production, and optimizing feed ef-
ficiency. This study aimed at comparing the performance of commercial 
layers subjected to lighting using different LED colors, and standard in-
candescent lamps. The study was carried out inside a layer house, which 
was divided into isolated environments in order to prevent any influenced 
from the neighboring treatments. In total, 360 Isa Brown® layers, with 
an initial age of 56 weeks, were used in the trial. The following light 
sources were used in the treatments: blue LED, yellow LED, green LED, 
red LED, white LED, and 40W incandescent light. Birds in all treatment 
were subjected to a continuous lighting program 17 l: 5 d, and they were 
fed a corn and soybean meal-based diet. A totally randomized experi-
mental design was applied, with 24 treatments (6 light sources and 4 pe-
riods) and with three replicates. Egg production (%) was different (p ≤ 
0.05) among treatments, with the best results obtained with red LED, 
white LED, and incandescent light sources. Egg weight, feed intake, and 
internal egg quality (albumen height, specific gravity, and Haugh units) 
were not influenced (p > 0.05) by the light source. The replacement of 
incandescent light bulbs by white and red LED light bulbs did not cause 
adverse impact on the egg production.

Key Words: artificial lighting, commercial layers, egg weight, Haugh 
units, egg quality

P178 Broilers surface temperature under the use of LED lighting 
Rodrigo Garófallo Garcia*, Mayara Rodrigues de Santana, Irenilza de 
Alencar Nääs, Fabiana Ribeiro Caldara, Kelly Cristina Nunes, Rodrigo 
Borille, Ibiara Correia Almeida Paz, Ibiara Almeida Paz Federal University 
of Grande Dourados, Dourados, Brazil
The standard incandescent light bulb used in broiler production generally 
produces insufficient light and sensible heat, which may affect the birds’ 
thermal environment and welfare. The LED light source presents a high 
luminous efficiency, besides leading to less heat output, and it reduces 
the cost with energy during broiler production. The aim of this study was 
to evaluate the surface temperature of broiler chickens reared under dif-
ferent LED bulb colors, compared to the fluorescent light bulb source, 
at different ages. We used 1350 male Cobb® pullets in this trial. At the 
10th day of growth, the birds were reared under five light treatments: T1 
through T4, using 4 LED colors (yellow, red, blue, white), and T5, using 
compact fluorescent bulbs, with light intensity of 20 lx. The birds were 

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



244 ABSTRACTS OF PAPERS

distributed in a fully randomized design within the five treatments with 
five replicates with 54 birds in each. The broilers’ surface temperature 
was recorded at 21, 28, 35 and 42 days of growth, at 7 PM, using an infra-
red thermography camera. Analysis of variance was applied to the results. 
No difference was found in the broilers’ surface temperature reared under 
the different LED bulb colors (p > 0.05). There was a difference in the 
surface temperature (p ≤ 0.05) related to the age of the birds which were 
32.36 °C at 21 days, 29.58 °C at 28 days, 26.31 °C at 35 days, and 23.89 
°C at 42 days of growth. The decrease in surface temperature is due to the 
use of fans to cool down the ambient temperature as the broiler’ grow out 
period ends at 42 days.

Key Words: broiler welfare, lighting emitting diode, LED, rearing envi-
ronment, broiler production

P179 The source of light does not impact on the behavior of broilers 
Raquel Baracat Silva*, Karla Lima, Irenilza A. Nääs, Rodrigo G. Garcia 
Federal University of Grande Dourados, Dourados, MS, Brazil
The use of appropriate light sources in broiler housing may lead to high 
efficiency of the housing environment. The objective of this research was 
to evaluate the effects of using different types of light bulbs adopted in 
lighting program in aviaries in the frequency of broilers’ activities during 
rearing. The trial was conducted on a commercial farm in the state of 
Mato Grosso do Sul, in the county of Dourados, Brazil. We used three 
aviaries with two flocks of males Cobb®. Each housing had a different 
light source (G1 - incandescent G2 - lamp mixed with sodium vapor, 
and G3 - fluorescent lamp). The behavior of birds were classified as “in 
activity”, “ease”, and in “agonistic behavior”. No influence of the dif-
ferent light sources on the frequency of the broilers activities was found 
(p>0.05); however, in the housing with incandescent light the presence 
of the “agonistic behavior” was higher than in the other tested aviaries.

Key Words: poultry, gas concentration, lighting, temperature

P180 Selecting norms for broiler rearing welfare legislation Raquel 
Baracat Silva*1, Irenilza A Nääs1, Rodrigo G. Garcia1, Marta Baracho2 
1Federal University of Grande Dourados, Dourados, MS, Brazil; 2State 
University of Campinas-College of Agricultural Engineering, Campinas/
SP, Brazil
Protecting farm animals in production systems is nowadays a goal of 
most societies. Meat producing countries are seeking the development 
of norms and directives to assist standardizing broiler farm conditions, 
which facilitate auditing. This research aimed to compare the rearing and 
welfare aspects of demands in poultry rearing manuals of good practices 
and norms. Scores were given to the items within the manuals, and the 
mean values were calculated and compared. The Analytic Hierarchic 
Process (AHP) was used for selecting the most appropriate set of rules 
with respect to welfare issues. Results indicated that GLOBALGAP and 
RSPCA present the most appropriate set of norms. They also pointed the 
RSPCA as the most adequate set of rules related to animal welfare.

Key Words: multi criteria analysis, broiler production, well-being, laws

P181 Activity and safety of two commercial xanthophyll pigmentants 
in broilers Vania Quispe*1, Estefania Huaringa2, Eliana Icochea2, Pablo 
Reyna2, Rosa Gonzalez2, Giovana Cribillero2, Viviana San Martin2, 
Miguel Ara2 1Universidad Nacional Mayor de San Marcos, Lima, Peru; 
2Universidad Nacional Mayor de San Marcos, San Marcos, Mexico
It was compared the pigmenting activity and safety of two commercial 
products based on xanthophyll in broilers. The study was conducted at 
the Faculty of Veterinary Medicine at San Marcos University. 96 males 
Cobb broilers Vantress 500 were reared in batteries and randomly distrib-
uted into 3 groups with eight repetitions each. Group 1: was feed with 
the xanthophyll pigment A, Group 2: receive the xanthophyll pigment B, 
Group 3: without pigment. The pigmentants were delivered in the feed 

(20 g/kg) from 30 to 44 days old. Shank pigmentation was evaluated with 
Roche colorimeter at 44 days old as indicator of pigmentation activity. 
Body weight, weight gain, Feed conversion (FC), and European Produc-
tive Efficiency Index (EPEI), uniformity, mortality, clinical signs and le-
sions were evaluated as an indicator of safety. Xanthophylls concentra-
tion in skin, muscles and food was measured by HPLC. Performance 
parameters were analyzed using ANOVA, the mortality using Fisher test 
and the pigmentation by Kruskall Wallis and Mann Whitney. The degree 
of pigmentation of shanks was 1.73 in G1, 4.57 in G2 and 1.41 in G3, 
being observed a significant difference (P <0.05) between group 2 and 
groups 1 and 3. Xanthophyll concentration in skin was 15.9 and 24.4 ppm 
for G1 and G2 respectively, and in muscle was 29.5 for both groups. Also, 
it was found 6 and 8 ppm more xanthophylls in the feed of G2 compare 
to G1 and G3, respectively. The concentration of carotenoids lutein and 
zeaxanthin in the feed of G2 was 76% while in the G1 and G3 was only 
20%. We found 60 and 43% of epoxicarotenoide in the feed of G1 and 
G3. At the end of the study the birds of group B obtained 92g more of 
body weight, 0.03 points less than FC and 26 points more EPEI than birds 
of group A, however no significant statistical difference (p>0.05) was 
obtained between this two groups. The results of this study showed that 
product A had no pigmenting activity and showed a depressive effect on 
grow parameters in broiler chicken, concluding that the pigmenting ac-
tivity and safety of commercial products varies depending on its quality.

Key Words: pigmentation, xanthophylls, carotneoids, broiler chicken, 
safety

P182 Evaluation of the efficacy of smectite clays, yeast cell walls 
and activated beta glucans on the toxicological effects of aflatoxins 
in broiler chickens and the determination of the in vitro coefficient 
of adsorption of aflatoxin B1 Coen Smits*, Anna-Katharina Oudshoorn, 
Yanming Han Nutreco Research & Development, Boxmeer, Netherlands
The aflatoxin toxicity experiment was carried out with broiler chickens 
to evaluate the efficacy of an anti-mycotoxin additive (AMA) consisting 
of smectite clays, yeast cell walls and activated beta glucans. The study 
was conducted by Instituto SAMITEC (Brazil). The aflatoxins (B1, B2, 
G1 and G2) used on the experiment were produced by fungi of Aspergil-
lus parasiticus, with 93.8% of the toxins as B1. A total of 300 1-day-old 
male chicks were used in five dietary treatments with six replicates each 
(10/pen). The treatments included (1) control, (2) control + AMA (0.5%), 
(3) control + 2.8 ppm of aflatoxin, (4) Treatment 3 + AMA (0.25%), and 
(5) Treatment 3 + AMA (0.5%). The birds received feed and water ad 
libitum. At day 21, the birds were slaughtered to determine the relative 
liver weight and total plasma proteins. Compared to the control animals, 
aflatoxin addition significantly and severely reduced 21-day body weight 
(-27.85%), feed intake (-24.52%), and total plasma proteins (-45.67%), 
while increasing the relative liver weight (+68.72%). However, addition 
of the AMA significantly improved all the parameters above, with the 
efficacy more pronounced at the inclusion rate of 0.5%. Compared with 
birds with aflatoxins alone, AMA at 0.5% increased 21-day body weight 
(+18.63%), feed intake (+15.12%), and plasma protein (+60.22%), while 
significantly decreasing relative liver weight (-10.77%). In the in vitro 
study, the AMA at 0.5% showed a coefficient of adsorption of 99.94%, 
compared to the standard of Aflatoxin B1 (2.5 μg/mL) in artificial gastric 
juice at pH 3.0. It was concluded that the AMA consisting of smectite 
clays, yeast cell walls and activated beta glucans has demonstrated its ef-
ficacy in significantly decreasing the deleterious effects of the aflatoxins 
on broiler chickens. 

Key Words: Broiler chickens, aflatoxins, toxicity, anti-mycotoxin addi-
tive, efficacy
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P183 Reduction of Salmonella cecal colonization in broiler chickens 
by a blend of coated butyrate, mannobiose and either medium chain 
fatty acids or essential oils Coen Smits*, Alfredo Corujo Fernández, 
Petra Roubos, Yanming Han Nutreco Research & Development, Boxmeer, 
Netherlands
A multi-hurdle approach with feed additives may be an effective strategy 
to combat Salmonella colonization in broiler chickens. This experiment 
was conducted to test the efficacy of a blend of coated butyrate and man-
nobiose in combination with either essential oils or medium chain fatty ac-
ids in reducing Salmonella enteritidis counts in the ceca of broiler chick-
ens. The experiment was performed with 500 male broilers at the Nutreco 
Poultry Research Centre in Spain. The animals were randomly distributed 
in 10 floor pens (50 birds/pen). The treatments included (1) control, (2) 
a blend of coated butyrate, mannobiose and essential oils (1.5 kg/tonne 
from 0 to 42 days), (3) the blend as (2) but given at a higher dose of 3.0 kg/
tonne from 0-21 days and at 1.0 kg/tonne from 22-42 days, (4) as (2) but 
the essential oils were substituted by medium chain fatty acids, (5) as (4) 
with the dosing of treatment 3. The essential oils contained encapsulated 
thymol and cinnemaldehyde. There were 10 replicates per treatment. All 
birds were infected by oral gavage with 1 ml inoculum (Salmonella enter-
itidis 106 cfu/g) at days 7 and 8. In total ten birds were randomly selected 
from each pen at day 22, 31 and 43 for determination of the Salmonella 
numbers in the ceca. The results demonstrated that all treatments 2, 3, 4 
and 5 with either essential oils or medium chain fatty acids significantly 
(P<0.05) lowered Salmonella counts in the ceca at all sampling days com-
pared to the control group. The highest reduction in counts was observed 
with treatment 5, showing reductions of 1.33, 1.13 and 1.44 log CFU/g at 
day 22, 31 and 43 respectively. It can be concluded that Salmonella colo-
nization can be effectively reduced by a combination of coated butyrate, 
mannobiose and medium chain fatty acids. 

Key Words: broiler chickens, Salmonella, feed additives

P184 Coated butyrate and mannobiose act synergistically in lowering 
Salmonella enteritidis numbers in cecal content of broilers chickens. 
Coen Smits*, Alfredo Corujo Fernández, Petra Roubos, Yanming Han 
Nutreco Research & Development, Boxmeer, Netherlands
Feed additives could play an important role in strategies to reduce Sal-
monella prevalence in broiler chicken flocks. In this experiment a sup-
plementation of broiler feed with coated butyrate and specific mannan 
preparations were tested. We hypothesized that these compounds may act 
synergistically in reducing Salmonella enteritidis numbers in the ceca of 
broiler chickens. 

The study was performed with 400 male broilers (1-day-old) at the Nu-
treco Poultry Research Centre in Spain. There were 8 dietary treatments in 
a 2 x 4 factorial design of coated sodium butyrate (0 or 0.1%), without or 
with galactomannan (from a hydrolyzed plant source, 0.1%), mannobiose 
(hydrolyzed copra meal with 12% mannobiose, 0.05%) or mannobiose 
(0.1%). Birds were infected at days 7 and 8 by oral gavage with 1 ml 
inoculum, containing 103 cfu/g Salmonella enteriditis. At day 28 and 35, 
20 birds per treatment were randomly selected and sacrificed. The cecal 
contents of two birds were pooled and  determined for Salmonella counts. 
The supplementation of broiler diets with butyrate or mannan sources 
alone did not result in a significant reduction of the Salmonella counts in 
the ceca at day 28 or 35. The combination of butyrate (0.1%) with man-
nobiose (0.1%) showed significantly lower Salmonella counts in the ceca 
at both day 28 (0.85 log cfu/g) and day 35 (0.66 log cfu/g) compared to 
the control (1.69 and 1.36 log cfu, respectively). In addition, the high-
est number of Salmonella negative birds was found in this treatment. The 
results of the study demonstrate that the combined use of coated butyrate 
and mannobiose is an effective strategy to lower the colonization of Sal-
monella enteritidis in the ceca of broilers. 

Key Words: broiler chickens, Salmonella, butyrate, mannobiose

P186 Injury and death of various Salmonella serotypes under acidic 
conditions during pre-enrichment Nelson Cox*1, Kurt Richardson2, 
John Cason3, Luanne Rigsby1, Douglas Cosby1 1U.S. Dept. of Agriculture, 
Agriculture Research Service, Russell Research Center, Athens, GA; 
2Anitox, Lawrenceville, GA; 3USDA, Retired, Athens, GA
A previous study showed that after incubation in commonly used pre-
enrichment media, mixed feeds and feed ingredients reached a pH (4.0 to 
5.0) capable of injuring or killing Salmonella. The objective of this study 
was to subject four (4) different Salmonella serotypes to pHs of 4.0, 4.5 
and 5.0 for either 6 or 24 hours to determine percent injury and death. 
Approximately 105 colony forming units (CFU’s) of S. Enteritidis (SE), 
S. Heidelberg (SH), S. Kentucky (SK) and S. Typhimurium (ST) were 
individually placed into 50 mL of citrate buffer at the listed pHs for 6 or 24 
hours at 37oC. After holding at 37oC, each serotype was serially diluted in 
sterile physiological saline and plated onto xylose lysine tergitol 4 (XLT4) 
for injury and nutrient agar (NA) for death. These plates were enumerated 
and percent injury and/or death determined. The injury and death con-
firmed that the pHs between 4.0 to 5.0 were detrimental to these Salmo-
nella serotypes. At 24 hours, the % injury ranged from 89.4 to 100% and 
the % death ranged from 77.5 to 100% with ST being the most sensitive to 
injury and death and SH being the most resistant. More research is needed 
with additional Salmonella serotypes and strains to fully understand the 
difficulties of isolating Salmonella from feed. Researchers testing feed/
feed ingredients for Salmonella may not be aware of the acidic nature of 
the pre-enrichment step and the subsequent injury or death. Current proto-
cols may not be detecting Salmonella in samples containing fermentable 
substrates preventing the accurate detection of Salmonella.

Key Words: Salmonella, Feed, Acidic conditions, Recovery, Methodol-
ogy

P187 Effect of the use of a Bacillus subtilis and Bacillus cereus based 
probiotic on chicken litters challenged with Salmonella Enteritidis. 
Joice Brustolin*, Maristela Lovato, Maria Weiller, Talieli Tavares, Pauline 
Miranda, Rafael Gianluppi, Paulo Ferronato Universidade Federal de 
Santa Maria, Santa Maria, Brazil
The high frequency of bacteria potentially pathogenic to both humans 
and animals in products of animal origin, led us to question the indiscrim-
inate use of antibiotics as additives in animal feed. In this scenario the 
use of probiotics is an alternative due to the lack of probiotic residues in 
animal products and to the fact that their use does not develop resistance 
to antimicrobial drugs. To determine the benefits to chicken litter of a Ba-
cillus subtilis and B. cereus probiotic included in the diet of chickens arti-
ficially infected with Salmonella Enteritidis (SE), 100 broilers, Coob, fed 
with commercial feed, plus probiotic, with or without a growth promoter 
and distributed in four treatments: G1 - commercial diets with growth 
promoters, with added probiotics and inoculated with SE (Pr+ Prob+ SE+); 
G2 - Pr- Prob+ SE+; G3 - Pr+ Prob- SE+; e G4 - Pr+ Prob- SE-. A pool of the 
chicken litters in each group for the weekly assessment of pH, moisture 
and counts of total bacteria and Enterobacteria was carried out. As a re-
sult, a gradual weekly increase in the pH of the chicken litter occurred, 
shifting from acid (Day Zero) to alkaline. The pH values were higher 
in groups where both growth promoters and probiotic were present. Lit-
ter moisture was increased gradually and in G3, showed highest values 
throughout the period. For counts of Enterobacteria, analyzing the four 
groups, similar values were noted even in the group not challenged with 
SE, which is justified by the fact that the challenged birds have immunity 
against the agent. For total bacteria count, it was noted that the action of 
the probiotic was able to reduce the total number of bacteria even with-
out the presence of the growth promoter. Bacteriological analysis of the 
litter was positive for SE in the first week after exposure in G1, G2 and 
G3, being negative in the remaining weeks. Statistical analysis revealed 
no significant differences between groups. It is therefore suggested that 
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the addition of probiotic B. subtilis and B.cereus in poultry feed may be 
beneficial in the control of bacterial contamination of the litter.

Key Words: poultry health, microbiology, poultry litter

P188 Salmonella and Campylobacter detection by use of shallow 
and deep cloacal swabs in one and two week old broilers Beverly 
McLendon*SC1, Nelson Cox2, Douglas Cosby2, Enrique Montiel3, Charles 
Hofacre4, jeanna wilson5 1University of Georgia, Athens, GA; 2USDA 
Russell Research Center, Athens, GA; 3Merial Select, Gainesville, GA; 
4UGA PDRC, Athens, GA; 5UGA Poultry Science, Athens, GA
Day old chicks (20) were orally gavaged with either 103 or 106 of a 
marker Salmonella Typhimurium (ST) or a marker Campylobacter coli 
(CC). Each of the four groups plus 20 control chicks were placed in five 
separate isolation units. Seven and 14 d post challenge 10 birds per group 
were subjected to a shallow (9mm) and a deep cloacal swab (24mm). For 
ST, each swab was place into 5 mL of Buffered Peptone (BP), vortexed 
and streaked for isolation onto brilliant green sulfa agar plates containing 
200 ppm nalidixic acid, the tubes were incubated as a pre-enrichment for 
negative swabs. For CC, each swab was placed into 5 mL of Tecra® broth 
without added supplements, vortexed, streaked for isolation onto Campy 
Cefex agar plus 200 ppm gentamicin, supplements added to each tube 
which was enriched for detection of negative swabs. After swabbing, 
birds were euthanized and one cecum was quantitatively analyzed for 
ST and the other for CC from the control group; both ceca were removed 
from all challenged birds and analyzed for ST or CC as appropriate. After 
7 and 14 d all ceca from all groups (except the control) were colonized 
with >106 cells. After 7 d, all shallow and deep swabs were positive for 
ST and CC regardless of challenge dose. After 14 d, 95% of the shallow 
and deep swabs were positive for ST and 90% were positive for CC. Even 
with a relatively low inoculum (103) both ST and CC achieved a high 
degree of cecal colonization and the cloacal swab (either shallow or deep) 
proved to be a reliable indicator of both Salmonella and Campylobacter. 
This would be a very important tool to evaluate the intestinal contamina-
tion of young, valuable breeder chicks. This study will be repeated using 
low and intermediate levels of these organisms in the ceca of both young 
broilers and older birds to determine the lower levels of detection and 
whether age of the bird influences detection.

Key Words: cloacal swab, Campylobacter, Salmonella, broiler chicks, 
Colonization

P189 Switchgrass bedding as an alternative to pine shavings on 
poultry farms with multiple grow-outs between cleanouts. Jonathan 
Moyle*1, Bill Brown2, Jennifer Rhodes3 1University of Maryland, Salisbury, 
MD; 2University of Delaware, Georgetown, DE; 3University of Maryland, 
Centerville, MD
Bedding is an important component used in the rearing of poultry. Tradi-
tionally, pine shavings (PS) have been the bedding of choice because of 
performance, availability, and cost. However, as the cost of PS continues 
to rise, and their availability decreases, alternative sources of litter are 
needed. 

Grasses, including native switchgrass (SG), can produce large amounts of 
biomass and can be grown on marginal land. As these grasses are peren-
nials, they can be used as buffers to help prevent nutrients from enter-
ing the watershed and once established are productive for long periods 
of time. Chopped SG possesses the necessary qualities needed to be a 
good alternative bedding. While there is some research demonstrating 
that switchgrass is a viable alternative bedding material in pen trials, none 
have been done looking at the long term viability in commercial houses 
that go multiple grow-outs between cleanouts. The objective of this study 
is to evaluate the feasibility of using SG as an alternative bedding mate-
rial in commercial production houses that have multiple grow-outs be-
tween clean outs. Initially, two farms were used to run comparisons of 
pine shavings vs. SG. On the first farm, two houses were divided in two 

and SG was placed on one end and PS on the other. The bedding material 
was placed in opposite ends in the second house to remove any variable 
caused by location in the house. The other farm had SG in two houses 
and PS in one house. These farms had completed two flock grow-outs 
and early results found no significant difference in bird wt. (SW 3.96kg, 
PS 4.04kg), feed conversion (SW 2.00, PS 2.05), mortality, (SW 3.00%, 
PS 4.18%) or paw quality. These early results suggest that in areas where 
SW is grown, it can provide a viable cost effective alternative source of 
poultry bedding for commercial growers.

Key Words: Poultry, Bedding, Litter, Switchgrass

P190 Preference of Broiler Breeder Hens for Next Box Color and 
House Position in Rural Mozambique Emily K. Lhamon*SC1, R. K. 
Bramwell1, Wilfred van der Kooij2 1University of Arkansas, Fayetteville, 
AR; 2New Horizons Mozambique LDA, Nampula, Mozambique
In the commercial poultry industry in the United States, little consider-
ation is given to the color of nest boxes in broiler breeder houses. Howev-
er, in rural Mozambique, housing and rearing standards are a function of 
limited resources where they often have to use whatever they can obtain. 
However, small factors like hen preference for nest box color or loca-
tion could lead to an increase in floor eggs and even in broken and dirty 
eggs laid in the nests. Therefore, losses in productivity and hatchability 
can result and can be costly. Nest boxes at Novos Horizontes are often 
constructed from wood and painted to protect the wood with ‘whatever 
paint color is available’. This study was designed to evaluate the number 
of eggs laid in light blue, intermediate blue, dark blue, and black painted 
nest boxes as well as evaluate nest box positioning in the house. Eggs 
were collected and recorded from existing banks of nest boxes twice 
daily from four different broiler breeder flocks. Data was then entered, 
by flock, house nest box color an position in house to determine if any 
preferences existed by the hens. Initial data shows a preference not for 
color, but for layout of the house where the nest boxes run in a line down 
the center of the house (mean of 269 eggs laid per next box bank) as com-
pared to a mean of 125 eggs laid in boxes positioned along the outer walls 
of the house. This layout eliminates direct sunlight into any of the nest 
box holes and may feel more secure as the boxes are away from the open 
outside walls. No preference was identified for hens towards a specific 
nest box color or shade. Therefore, when houses allow for flexibility in 
nest box layout, positioning boxes in the interior of the houses provides 
the hens a more acceptable nesting site which will reduce floor eggs and 
contamination.

Key Words: Nest box color, Nest box location, Broiler Breeders, Rural 
Mozambique

P191 Behavioral supplements for raising commercial pullets Amy 
Mayer*UG, Katherine Caswell, Heather Burley, Paul Patterson The 
Pennsylvania State University, University Park, PA
For pullets that are raised to go onto pasture for their productive lifetimes, 
it is preferred that they be raised on the floor. However, the increased 
freedom in a floor-raised system presents the birds with greater opportu-
nities to display aggressive behaviors. The objective of this experiment 
was to create a behavioral supplement for non-beak trimmed birds that 
would both decrease aggressive behaviors among the birds and buff their 
beaks. Hy-Line Brown chicks (504) were divided randomly among 18 
pens containing 28 birds per pen. The birds were raised following guide-
lines set by the Hy-Line Variety Brown Commercial Management Guide 
2009-2011. At 4 wks, a 2400g behavioral supplement was hung 20cm 
from the floor in 12 of the pens. Of these 12 pens, 6 received a vegetar-
ian supplement (VEG) while 6 received one containing animal byprod-
ucts (AN). Supplements were formulated to contain corn, soybean meal, 
wheat middlings, sunflower seeds, and granite grit and averaged 19.06% 
CP, 4.72% fat, 4.08% crude fiber, and 11.17% ash upon proximate analy-
sis. The supplements were provided in the pens until the pullets were 16 
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wks of age and were replaced when the birds had consumed them. At 4 
wk intervals, body weight and feed and supplement intake were mea-
sured. The feathers of each bird were evaluated for evidence of picking 
and 10 random birds per pen were photographed to determine if the beaks 
showed evidence of buffing. Video monitoring of the pullets was imple-
mented from 12-16 wks to measure behaviors including eating, standing, 
preening, picking of beaks and feathers of other birds, and pecking the 
supplements. Data was analyzed using a one-way ANOVA and Duncan’s 
test for mean comparisons with P ≤ 0.05 deemed statistically significant. 
Body weight and feed intake at 16 wks averaged 1330g and 50.6g/bird/d 
were not statistically different among the treatments. Mean cumulative 
supplement consumption was significantly greater for VEG versus AN 
between 4-9 wks (715.6g and 62.7g, respectively) and 4-12 wks (867.6 
versus 74.8g, respectively). Although the behavior supplements were 
consumed by the birds, low levels of overall aggressive behavior did not 
test the merits of these supplements for rearing pullets without beak trim-
ming.

Key Words: Behavior Modification, Pullet, Hy-Line Brown, Floor-Raised, 
Supplement

P192 Evaluation of the intestinal integrity of broilers in the initial 
phases of production Márcia Regina Fernandes Boaro Martins*, Édina 
de Fátima Aguiar, Bruna Boaro Martins, Ariel Antonio Mendes, Carolina 
Bresne São Paulo State University, UNESP, Botucatu, SP, Brazil
In birds the gastrointestinal tract is fully formed at hatching, despite func-
tional immaturity when compared to adult animals. Trophic agents such 
as glutamine can act on the mucosa to promote enhanced functional ca-
pacity and development of cells forming the intestinal villi. The purpose 
of this study was to evaluate the effects of glutamine, glutamic acid and 
their association on the integrity of the intestinal mucosa using Scanning 
Electron Microscopy. 340 day-old male Cobb chicks were housed for 42 
days and used in a completely randomized trial, with 4 treatments and 5 
repetitions of 17 birds each. T1 – basal feed; T2 – basal feed + 1% gluta-
mine; T3 – basal feed + 1% glutamic acid, and T4 – basal feed + 2% Ami-
nogut® (glutamine and glutamic acid). At 7 and 14 days respectively, 
80 birds were transported to the experimental slaughterhouse, weighed, 
stunned and euthanized. Segments of the small intestines were collected 
from 5 birds per treatment, fixed in glutaraldehyde and processed accord-
ing the routine protocol employed at the Center for Electron Microscopy. 
Intestinal segments were then analyzed under scanning electron micros-
copy and the images stored. At 7 days of age, integrity of the duodenal 
villi was lower in birds treated with the basal feed then in birds receiving 
1% glutamine or 2% Aminogut®, but did not differ from birds receiving 
1% glutamic acid. Integrity of the jejunal villi was lower in birds treated 
with the basal diet when compared to other treatments, and the best re-
sults were observed in birds treated either with 1% glutamic acid or 2% 
Aminogut®. Treatments had no impact on ileal villi. At 14 days of age, 
integrity of duodenal villi was better in birds treated with Aminogut®. 
However, during the pre-starter phase the integrity of the duodenal vil-
liwas better in birds treated with 1% glutamine, suggesting an effect of 
this trophic agent primarily during the pre-starter phase of production. 
Less satisfactory results were observed in birds treated with 1% glutamic 
acid, where apical lesions were present in the duodenal villi regardless 
of the phase of production. The effects of 2% Aminogut® on duodenal 
villi integrity was better during the starter phase, although not superior 
to treatment with 1% glutamine during the pre-starter phase. Treatments 
did not influence the integrity of the intestinal villi in the jejunum. In the 
ileum, integrity of the intestinal villi was better in birds treated with ei-
ther with Aminogut® or 1% glutamic acid. Integrity of the ileal villi was 
similar in birds treated with the control diet or 1% glutamine. Therefore, 
the commercial product had better effects on the integrity of the duodenal 
mucosa during the initial phases of production. 

Key Words: Electron Microscopy, glutamine, mucosa, small intestines, 
villi

P193 Potential of alternative egg producing breeds for small-scale 
poultry production Jacqueline Jacob*, Anthony Pescatore, Tatijana Fisher, 
Michael Ford, Austin Cantor, Marquisha Paul, Megan Vanbenschoten, 
Lindsay Good University of Kentucky, Lexington, KY
Many small-scale egg producers, especially those raising hens on pas-
ture, are looking for alternatives to the commercial brown-shelled egg 
laying breeds. A study was conducted to assess the production potential 
of the dual breeds Rhode Island Reds (RIR), Barred Plymouth Rocks 
(BPR), and Black Australorps (BA) compared to a commercial brown 
layer (ISA), a black-sex link (BSL) and a red sex-link (RSL). Pullet 
chicks were fed a starter broiler diet for the first 2 weeks and then fed caf-
eteria-style till 20 weeks of age. At 20 weeks of age 65 pullets per breed 
were randomly assigned to one of five pens per breed, and placed on a 
layer feed. During a 28 week production cycle average egg production 
and egg weight were determined in 4 week periods. The ISA Browns out 
performed all the other breeds. The hens peaked higher and maintained 
egg production longer than any of the other breeds. Over the 28 weeks of 
production, the ISA hens average 85.2% Hen-Day (HD) egg production. 
The RSL and BSL hens averaged only 69.3 and 70.8%, respectively. The 
RIR and BPR were similar to the sex-link crosses with 70.9 and 65.6% 
production, respectively. The BA hens were the poorest producers, aver-
aging only 59.4% production. Egg size was also higher for the ISA hens. 
The ISA hens produced larger eggs throughout the study, averaging 64.9 
g. The BSL and RSL average 57.5 and 56.5 g, respectively. The RIR were 
similar to the sex-link crosses with an average egg weight of 56.7 g. The 
BPR and BA produced the smallest eggs with 53.8 and 54.8 g, respec-
tively. At the end of the 28 week trial, the BPR hens were the heaviest at 
2342 g and the ISA hens weighed the least at 1922 g. The RSL and BSL 
hens weighed more than the ISA at 2108 and 2340 g, respectively. The 
RIR and BA hens weighed 2089 and 2208 g, respectively. While the ISA 
hens out performed all the other hens in the study, it is possible that the 
alternative breeds will do comparatively better in a pasture production 
system which is commonly used with small-scale poultry production.

Key Words: Small flock, Alternative breeds

P194 “Feed-through” sulfur for control of mites and ammonia in 
commercial layers and broiler breeders Wallace Berry*1, Joseph Hess2, 
Suzanne Oates2, John Blake2 1Auburn University Department of Poultry 
Science, Auburn University, AL; 2Auburn University, Auburn, AL
Various forms of sulfur, topically applied, are used to control ectopara-
sites on poultry and ammonia emissions from poultry litter. Food grade 
elemental sulfur is safe to feed to birds and poses no problems with toxic-
ity or residue. A granular food grade sulfur product, included in the diets 
of commercial laying hens and broiler breeders was tested as a “feed-
through” anti-mite and anti-ammonia treatment. Mature commercial lay-
ing hens and breeder hens were fed elemental sulfur at 0.5, 1.5, and 2.5 
g/kg ran for 8 weeks to determine the time required for anti-mite activity 
to become apparent. Ammonia emissions from litter samples were de-
termined at the end of the experiment for the laying hens and at weeks 
2, 4, 6, and 8 for the breeder hens. Mite numbers on the laying hens as 
well as hen body weight, mortality, egg production and shell and interior 
egg quality were measured throughout the experiment. Mite numbers and 
egg production were determined in the breeders. At the end of the experi-
ment, laying hen tissues, eggs, and excreta were analyzed to determine 
the distribution and fate of the compound in the birds, eggs, and waste. 
In laying hens, it was found that sulfur treatment significantly reduced 
mite numbers, did not alter feed intake, egg production, or quality, and 
did not accumulate in tissues or eggs. The analysis for N, P, K & Ca as 
well as other minerals demonstrated that granular sulfur did not alter the 
way hens use these minerals, did not cause the hen to accumulate or lose 
minerals, and did not alter fecal concentrations of these minerals. The 
sulfur treatments were not effective in reducing mite populations on the 
broiler breeders. The failure to reduce mite populations on breeders may 
be due to heavier breeder feathering providing a living environment for 
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mites well away from the cloaca, where sulfur concentrations were high. 
Ammonia emissions from layer excreta and broiler breeder litter were 
significantly reduced by sulfur treatment. Feeding food-grade granular 
sulfur to laying hens appears to be potentially useful as an agent to control 
fowl mites and reduces ammonia emissions from waste from both layers 
and breeders.

Key Words: sulfur, mite, ammonia, layer, breeder

P195 Early feed delay ameliorates Hepatic Glycogen concentration in 
broiler chicken Kamel Mahmoud*1, Frank Edens2 1Jordan University of 
Science and Technology, Irbid, Jordan; 2North Carolina State University, 
Raleigh, NC
The effects of early feed deprivation on gastrointestinal tract develop-
ment and hepatic glycogen concentration of broiler chicks was investi-
gated in three consecutive trials. Ross 708 chicks derived from breeder 
flocks at 31 (young), 40 (middle) and 63 (old) weeks of age were placed 
randomly into either a control group with immediate access to feed and 
water, or a 48 h feed delayed (FD) group with free access to water. At 
d 2 of age, feed delay limited the increase in intestinal weight to 12% 
and 17% of control group intestine from young and old breeder flocks, 
respectively. When feed made available to FD group, intestinal weight 
registered 170% and 260% at 4 d of age compared to control group from 
young and old breeder flocks, respectively. Although control group main-
tained higher body through 14 d of age, at 21 d of age both groups had 
similar body weight; however chicks derived from middle age breeder 
flock maintained the highest body weight (885 gm). Hepatic glycogen 
sustained higher concentrations in FD group when sampled at 7, 14, and 
21 days of age across all breeder flocks. These findings may indicate that 
control chicks accelerated hepatic glycogen hydrolysis, while chicks sub-
jected to early feed delay decrease the depletion rate of hepatic glycogen.

Key Words: Broiler, Glycogen, Feed delay, Hepatic, Breeder

P196 The effect of washing eggs with Bac-D on incubation, hatch, and 
performance of turkey poults Zachary Lowman*SC, Carmen Parkhurst 
North Carolina State University, Raleigh, NC
The major factor facing the commercial poultry industry today is the cost 
of feed. Breeding companies have put great emphasis on selecting their 
lines for rapid growth and low feed to gain to increase the efficiency 
of production. Even though genetics have made drastic differences in 
growth parameters, evident from the last 45 years of genetic selection, 
producers still employ other methods to help birds preform more effi-
ciently including; feed additives, temperature, incubation, ventilation, 
hatchery sanitation, and egg disinfection. Bac-D is a novel disinfectant, 
which is currently being used as a wound wash for humans and animals. 
The product utilizes benzalkonium chloride, a well-studied quater-
nary ammonium compound, which has been generally regarded as safe 
(GRAS), and effectively used as a human first aid antiseptic for many 
years. The objectives of this trial were to determine the effects of Bac-D 
on egg conductance, hatchability, body weight, and feed conversion (FC) 
in turkey eggs and poults. Turkey eggs were washed with Bac-D then 
incubated under standard conditions while recording egg conductance 
and hatchability. Body weights were measured at hatch, 21d, and 42d. 
The results showed that egg conductance, hatchability, or body weights 
of chicks hatched from Bac-D washed eggs did not differ significantly 
from water washed controls. However, mean feed conversion was sig-
nificantly lower (p<0.044) in Bac-D poults (FCR= 1.538) compared with 
the control birds (FCR=1.601) at 42d. The improvement in FCR may be 
due to altered gut microflora resulting from the Bac-D egg sanitization. 
The reduction in FCR will be of significant economic impact to poultry 
producers. 

Key Words: Bac-D, Benzalkonium chloride, Body Weight, Feed Conver-
sion, Conductance

P197 Analytic hierarchy process (AHP) to classify the efficiency of 
feeders used in broiler chicken production Irenilza Nääs*1, Diego Pereira 
Neves1, Rodrigo G. Garcia2, Raquel Silva2, Flavia Jacob1 1State University 
of Campinas-College of Agricultural Engineering, Campinas/SP, Brazil; 
2Federal University of Grande Dourados- Animal Science Department, 
Dourados, MS, Brazil; 2Federal University of Grande Dourados-Animal 
Science Department, Dourados, MS, Brazil
The last three decades were marked by intensive poultry production, 
which reached a satisfactory level of production with the use of technol-
ogy. The costs of feeding are the main drivers of profitability in com-
mercial poultry and good nutrition is primarily responsible for the current 
growth rates in current breeders. In addition to the diet, feeding system 
also influences the birds feeding process. The aim of this study was to 
compare three types of feeders used in production of broiler chicken pro-
duction: the tube and automatic types, both currently marketed, and the 
Fênix feeder, a manual type that still is in the testing phase. It was used 
the AHP method (Analytic Hierarchy Process) to estimate the efficiency 
of each type of feeder from the perspective of three distinct types of cus-
tomers: the small producer, the large producer and the researcher. The 
results indicated the Fênix feeder was the most suitable for the small pro-
ducer and the automatic one for both large producer and researcher. The 
tube type feeder was in third place for the three consumers.

Key Words: multi-criteria analysis, animal behavior, feeding equipment

P198 Brazilian consumers’ background on broiler welfare and 
sustainability Irenilza Nääs*1, Raquel Silva1, Rodrigo Garcia1, Fabiana 
Caldara1, Pedro Autreto2 1Federal University of Grande Dourados, 
Dourados, MS, Brazil; 2Rice University, Houston, TX
Brazil is the largest poultry producer in Latin America, followed by Ar-
gentina, Chile and Bolivia, and yet the study of the norms and regulations 
regarding animal welfare has been taken seriously only a few years ago 
under the global market pressure. Even though the primary function of 
farm animals is for human food consumption, and the amount of inputs 
such as feed, housing, disease control and environment management has 
reached a high level of technology driven success, the production process 
has been pushed to their biological limits and there is an increasing chal-
lenge to meet their welfare. A combination of public pressure and trade 
policy has driven the development of requirements and guidelines which 
could be used as the country’s standards. However, not all consumers 
know what animal welfare represents. This study aimed to understand the 
Brazilian consumers’ scenario regarding the way individuals are aware of 
animal welfare and sustainability issues. Information extracted from the 
manuals of good practices, and norms from Brazil, Europe and the USA 
were used to build up a survey with questions related to animal welfare 
issues. The questionnaire was built on the Google platform, and it was 
sent to near 2 thousand e-mails. The answers (200) were from profes-
sionals involved with welfare, researchers, and also regular consumers. 
The feedback of responses was from students and professional (75%); 
people related to animal husbandry (19%), and government employees at 
an administrative level (6%). The answers showed that 78% of consum-
ers purchase broiler meat from known brands; 58% of them are willing 
to change their eating habits and to start consuming organic food, ethnic 
or similar products; 79% agree that the broiler should have some “legal” 
protection while reared for production, and 96% from the total surveyed 
agree that the bird should not suffer during rearing. The level of education 
was correlated (p≤0.05) to the answers related to prior knowledge on ani-
mal welfare, although 70% of the answers stated that broiler meat was not 
the most consumed meat either at home or when eating out. People aware 
of animal welfare had strong positive correlation (p≤0.05) to a higher 
degree of education, and the same group are recycling waste. Brazilian 
consumers who are knowledgeable of animal welfare are the same group 
who support sustainability issues.

Key Words: international trade, welfare policies, competitiveness
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P199 Effects of feeding a probiotic to breeders and egg storage on 
progeny leg health and footpad dermatitis Manuel Joao Da Costa*, 
Kayla Claassen, Mike J. Wineland, Edgar O. Oviedo-Rondón Prestage 
Department of Poultry Science, North Carolina State University, Raleigh, 
NC
Breeder nutrition and management, and incubation conditions may im-
pact leg health of chicken progeny. Two experiments were conducted to 
evaluate the carryover effects in the progeny when feeding diets contain-
ing a probiotic based on lactobacillus (Primalac) to a breeder flock. Addi-
tionally, the effects of egg storage were assessed in experiments with fac-
torial treatment structure. Eggs from Cobb 500 fast feathering breeders 
were collected at 38-40 and 45-47 wk of age. For both progeny experi-
ments, 600 eggs were stored for either 5, 11 or 17 days, and all 1,800 eggs 
were set at the same time and subject to similar incubation conditions. 
Chicks were sexed, tagged, and placed in groups of 8 males and 8 females 
per pen, in a house divided in 72 pens with used litter and raised to 42 d. 
At 42 d, each chicken was evaluated for crooked toes, hock burns, foot-
pad dermatitis (FPD), twisted legs, valgus and varus. Data were analyzed 
in a RCBD with 2x3 factorial arrangement of treatments (12 replicates/
treatment). No interaction effects were observed in Exp. 1. Progeny from 
breeders fed diets containing the probiotic had less (P<0.05) hock burns 
than chickens from breeders fed basal diet without probiotic in Exp. 1, 
but this effect was not detected in Exp. 2. In the second experiment, the 
same group had four times more twisted legs (P<0.01) than broilers from 
breeders fed diets without probiotic. The FPD incidence almost double 
(P<0.05) when eggs were stored for 11 and 17 d compared to 5 d, in 
Exp. 1. In Exp. 2, an interaction effect (P<0.07) was detected, FPD of 
progeny increased 63% when eggs were stored for 17 d compared to 5d 
in chickens from breeders without probiotic in the diet, but in chickens 
from breeders fed diets with probiotic, the incidence of FPD was similar 
to those from eggs stored for 5d. Males had more crooked toes, hock 
burns and valgus, but less FPD than females. No significant effects of 
treatments were observed on varus incidence. In conclusion, egg storage 
for more than 5 d increased the incidence of FPD and effects of probiotic 
in breeder diets on progeny leg heath were not consistent.

Key Words: Breeders, probiotic, egg storage, leg health, footpad derma-
titis

P200 Influence of Incubation Temperature, Lighting, and Feed 
Form on Incidence of Pendulous Crop (PC) Corissa Steimling*UG1, R. 
Michael Hulet1, Benjamin Wood2, Nico Buddiger2, Heather Burley1 1The 
Pennsylvania State University, University Park, PA; 2Hybrid Turkeys: A 
Division of Hendrix Genetics Ltd., Kitchener, ON
The incidence of Pendulous Crop (PC) in domesticated turkeys is a long 
standing issue in turkey production. A study was conducted to evaluate 
the incidence of PC under different management practices. The experi-
ment used 2400 straight-run Converter poults (Hybrid Turkeys), and was 
carried out over a period of 10 weeks. Turkey eggs (3600) were incubated 
for 28 days, wherein 2400 of the poults were collected and equally dis-
tributed into 4 separate rooms, each with 12 equal pens (5 m2) contain-
ing 50 birds. The factors evaluated for their ability to induce PC lesions 
were incubation temperature, light exposure, and feed form. Incubation 
temperature for the control group was varied with two incubators fol-
lowing the Hybrid temperature profile which decreased from 100.4° to 
97.5°F. The other two incubators were held at the higher temperature, and 
were lowered from 100.4 to 98.0°F for the experimental treatment. Light-
ing was varied so that all four rooms initially received standard lighting 
(23L:1D) for the first week of life; then for the following 5 weeks, two 
rooms received intermittent light (4 periods of 1L:5D), while the remain-
ing two rooms received standard brooding light (16L:8D) . The same 
feed composition was given in both a mash and crumble form for the first 
4 weeks of life to the respective groups of poults. After 4 weeks, the birds 
receiving the crumble starter diet were switched to a pelleted grower diet 

for the remainder of the trial, while the birds consuming the mash starter 
diet received a mash grower diet. There were 6 replicates of each experi-
mental combination of conditions.

The birds were weighed after hatching, and then in three-week intervals 
following placement. Each bird showing symptoms of PC was tagged, 
and examined for severity of the lesion at the end of the experiment. In-
cubation and lighting (for all days measured before 28 days of age), and 
diet and lighting (for all days measured after 28 days of age) appeared 
to have the most significant effects on the incidence of PC. However, 
there were no significant differences for main effects within each factor 
throughout the study. 

From these results, we can conclude that there is a significant interac-
tion between feed form during brooding, and the particular lighting pro-
gram which can influence the incidence of pendulous crops in poults (P 
≤ 0.0114). 

Key Words: Pendulous Crop, Incubation Temperature, Intermittent Light-
ing, Feed Form, Poults

P201 Antibiotic resistance and speciation of Enterococcus spp. 
isolated from turkey litter Steven McBride*SC, Ben Holland, Pradeep 
Vasudevan, Joanna Mott James Madison University, Harrisonburg, VA
The use of antibiotics in agriculture and animal husbandry has been 
associated with an increase in antibiotic resistance in microorganisms. 
Extensive research has addressed the prevalence of resistant bacteria in 
livestock wastes such as pig manure, cattle manure, and broiler litter; 
however, less work has been conducted on microbial populations in tur-
key litter. The purpose of this study was to determine levels of Entero-
coccus spp., a fecal bacteria group, in turkey litter from an organic farm, 
to identify isolates to species and to determine antibiotic resistance of the 
isolates in order to assess the potential of turkey litter to serve as a reser-
voir of antibiotic resistance. Turkey litter was collected at the end of the 
rearing period from a poultry house in Shenandoah County, VA using a 
randomized sampling design. Presumptive enterococci were isolated us-
ing membrane-Enterococcus Indoxyl-β-D-Glucoside agar with field and 
laboratory duplicates. The Biolog MicrologTM system was used to speci-
ate isolates, and antibiotic resistance was determined by the Kirby-Bauer 
disc diffusion test with automated image analysis using a BiomicTM plate 
reader. While enterococci levels were very low in fresh shavings high 
levels ( > 106 cfu/g) were found in litter following the 17-19 week rearing 
period. Several species of Enterococcus spp. were found and antibiotic 
resistance varied between isolates and some were resistant to multiple an-
tibiotic classes. Turkey litter was shown to act as a reservoir of antibiotic 
resistance with the potential to contaminate the environment if handled 
incorrectly. Our results add to the understanding of antibiotic resistance 
within the farm-to-fork paradigm.

Key Words: Bacteria, Enterococcus, Antibiotic resistance, turkey, litter

P202 Development and Implementation of an Online Introductory 
Avian Biology Course Mia Malloy*, Jackie Golden, Adam Davis 
University of Georgia, Athens, GA
World- wide there is tremendous interest in Avian Biology as bird related 
commerce totals over a trillion dollars annually and generates more jobs 
than any other animal except humans. However, in the past 50 years, 
there has been a significant decline in avian and poultry departments at 
colleges and universities. To date, only six Departments of Poultry Sci-
ence remain in the United States. Due to the minimal number of courses 
available in Avian Biology at institutions of higher education and because 
of trends in higher education transitioning to an online medium, it is es-
sential that online course opportunities become more widely available in 
this discipline. To help fill the void in college-level Avian Biology edu-
cational opportunities, an online version of a popular Introductory Avian 
Biology lecture course entitled “Birds In Our Lives” was developed at 
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the University of Georgia. This course which is taught solely online 
without face to face instructor and student contact, relies heavily on a 
textbook developed primarily for the online course in addition to study 
modules and video clips previously created for the lecture version of the 
course. The online version of the course was successfully offered for the 
first time during the Summer 2013 semester whereby 61 University of 
Georgia students completed the course. This initial offering, with limited 
enrollment, helped ensure that the online methods developed for student 
engagement, testing security, and course logistics were robust and facili-
tated achievement of the desired learning outcomes. During the Summer 
2014 semester, this online course will become more widely available as 
transient students from any college or university will be allowed to enroll 
the course. Opening admissions to students beyond those enrolled at the 
University of Georgia, will increase opportunities for higher education in 
the field of Avian Biology.

Key Words: education, poultry

P203 Alterations in whole blood viscosity and blood properties in 
duck rearing under different monochromatic LED light sources Jin 
Mu Jung*, Md. Rakibul Hassan, Dong Hwan Lee Chonbuk National 
University, Jeonju, Republic of Korea
Whole blood viscosity (WBV) has been one of the important hemody-
namic parameters to determine the flow regime of blood in vessels, which 
varies widely among individuals. The alteration of WBV may lead to 
increase resistance of blood flow and thus reduced delivery of oxygen 
and nutrition to tissues. In this study, the effect of diverse wavelengths 
emitted from six different monochromatic LED light sources on the al-
terations of WBV and blood properties was evaluated during six weeks of 
duck rearing. A total of 720-d-old cherry valley ducklings (56.54 ± 0.49 
g) were divided into six groups with four replicates based on the LED 
light sources, fluorescent white (W, control), pure blue (PB, 440-450 nm), 
bright blue (BB 460-470 nm), sky blue (SB 480-490 nm), greenish blue 
(GB 500-510 nm), and pure green (PG 520-550 nm). The six different 
LED light sources with a constant light intensity of 20 lux were applied to 
each group according to an identical light schedule (24L:0D from 0-4 d, 
22L:2D from 5-10 d, 20L:4D from 11-17 d and 18L:6D from 18-42 days 
of age). Ducks were allowed to freely access to commercial pellets and 
water. At every 3 weeks of age, ten separate blood samples were obtained 
from each group. The WBVs were measured using BVD-PRO1 (Bio-
Visco, South Korea) at two specific shear rates of 1 and 300 s-1 and the 
blood chemistries were analyzed with Konelab 20 (Thermo Scientific, 
USA)., After six weeks of rearing, the WBVs at a low shear rate of 1 s-1 
were significantly decreased by 27.6 % (P < 0.05) and 33.3 % (P < 0.05), 
respectively, under the BB and PG treatments. Similarly, the WBVs at a 
high shear rate of 300 s-1 were also decreased by 9.0 % (P < 0.05) and 
15.3 % (P < 0.05) for the BB and PG treated groups, respectively. Here, 
a greater magnitude of WBV reduction at a low shear rate than that at a 
high shear rate was observed due to a possible alteration of erythrocyte 
aggregation. Although a decreasing tendency of blood components relat-
ed to the impairment of WBV was shown, no significant changes of blood 
properties were obtained among the treatments. The results indicate that, 
BB and PG light sources decreased the WBVs of ducks, representing 
the improvement in blood circulation and thus enhancing the supply of 
oxygen and nutrition to meat.

Key Words: LED light color, blood viscosity, Ducks

P204 Effects of in ovo dextrin-iodinated casein treatment on growth 
performance in broilers. Shaymaa Abou-Saad*SC1, Karen Christensen2, 
Katrina Stripling2, Paraq Chary3, Kentu Lassiter1, Alissa Piekarski1, Lisa 
Bielke1, Billy Hargis1, Laura Chick1, Guillermo Tellez1, Ayman Abouzeid4, 
Walter Bottje1 1University of Arkansas, Fayetteville, AR; 2OK Foods, Inc, 
Fort Smith, AR; 3Zoetis, Kalamazoo, MI; 4Menoufiya University, Egypt
The major objective of this study was to determine effects of in ovo feed-
ing of dextrin and iodinated casein (IC) on hatch and growth performance 
in broilers. Three experiments were conducted using a commercial Ino-
vojectTM system. Eggs were treated at transfer from incubator to hatcher 
units (18.5 to 19 d of embryonic development) in a 2 x 3 factorial design 
with 0, 240, or 480 mg IC/mL in diluent (Control) or dextrin (Dex, 18% 
malto-dextrin and 10% potato starch dextrin); ~2500 eggs per group. In 
each study, eggs were obtained from a single breeder flock on a single 
day. In Exp. 1 and 2, eggs were obtained from a 22 and 26 wk old breeder 
flock, respectively, and transferred to a commercial hatcher unit. In Exp. 
3, eggs were treated from a 54 wk old breeder flock and transfered to a 
research hatcher unit to assess time of hatch. Chicks in Exp. 2 and 3 were 
randomly selected and placed in floor pens (30 chicks per pen, 7-8 pens 
per treatment), and grown to 6 wk. Mean hatch weights varied in each 
study; from 34.5 to 36.3 g in Exp. 1, 37.8 to 38.5 in Exp. 2, and 43.1 to 
44.0 g in Exp. 3. In Exp. 1, hatch weights in all treatment groups were 
heavier (P < 0.05) than Controls. In Exp. 2, body weights were heavier 
at 1 and 4 wk (P < 0.05) in the DexIC480 group compared to Controls. 
During a 36 h period before chicks were pulled from the hatcher in Exp. 
3, hatch window appeared to be delayed and decreased in the DexIC240 
and DexIC480 groups. Chicks receiving IC240 and DexIC480 weighed 
more at hatch compared to the other groups. At 6 wk, broilers provided 
Dex alone, DexIC240, and DexIC480 in ovo were heavier (P < 0.05) 
compared to Controls. The results of this study indicate that in ovo feed-
ing of embryos with dextrin and iodinated casein may improve post-
hatch growth in broilers. 

Key Words: broilers, in ovo, dextrin, iodinated casein, growth perfor-
mance

P205 Effects of the in ovo injection of 25-hydroxylcholecalciferol on 
the yolk characteristics of embryonated broiler hatching eggs Nayara 
Pelici*UG, Wei Zhai, Sharon Womack, E. David Peebles Mississippi State 
University, Mississippi State, MS
Serum concentrations of 25-hydroxylcholecalciferol [25(OH)D3] on 19 
days of incubation (DOI) have been shown to be increased 3 × by the in 
ovo injection of 25(OH)D3 into the amnion on 18 DOI. The current trial 
was conducted to determine effects of the amniotic injection of 25(OH)
D3 at 18 DOI on the yolk calcium (CA), phosphorous (PHOS), moisture 
(MOI), dry matter (DM), and lipid (LIP) concentrations of embryonated 
broiler hatching eggs on 19.0 DOI. Ross × Ross 708 broiler breeder eggs 
from a commercial hatchery were set in 6 egg trays (replicate blocks) of 
a single stage incubator. On 18 DOI, embryonated eggs were injected in 
the amnion with one of two treatments (trt). Trt 1: injected with 100 µL of 
commercial diluent (Control); Trt 2: injected with 0.6 µg of 25(OH)D3 in 
100 µL of commercial diluent. On 19 DOI, embryo sex was determined 
by gonodal examination, and the aforementioned yolk constituents were 
analyzed. Data were analyzed by ANOVA of SAS 9.3, with trt and sex 
as fixed effects and blocks (trays) as random effects. Treatment had no 
effect on PHOS, MOI, DM or LIP. However, there was a significant (P ≤ 
0.004) treatment × sex interaction for yolk CA. Respective yolk CA con-
centrations in male and female embryos of the Control group were 3733 
± 297 and 4783 ± 297, and in male and female embryos of the 25(OH)
D3 group were 4552 ± 320 and 3867 ± 297 ppm. Embryo sex differences 
for yolk CA in Control eggs were not observed in eggs that were injected 
with 25(OH)D3. In conclusion, except for its influence on sex-related dif-
ferences in CA, the amniotic injection of 25(OH)D3 at transfer does not 
alter the major yolk constituents of embryonated broiler hatching eggs.

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



 ABSTRACTS OF PAPERS 251
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P206 Effects of the in ovo injection of 25-hydroxylcholecalciferol on 
serum calcium and phosphorous concentrations in broiler embryos 
Midian Nascimento*UG, Wei Zhai, Sharon Womack, E. David Peebles 
Mississippi State University, Mississippi State, MS
In a preliminary trial, the in ovo injection of 0.60 µg of 25-hydroxylcho-
lecalciferol [25(OH)D3] at 18 days of incubation (DOI) elevated serum 
concentrations in broiler embryos. The current trial was conducted to 
study the effects of the in ovo injection of 25(OH)D3 on serum calcium 
(CA) and phosphorous (PHOS) concentrations in broiler embryos. Ross 
× Ross 708 broiler breeder eggs from a commercial hatchery were set 
in 6 egg trays (tray was a replicate unit) of a single stage incubator. On 
18 DOI, embryonated eggs were injected in the amnion with one of two 
treatments (trt). Trt 1: injected with 100 µL of commercial diluent (in 
ovo vaccine carrier); Trt 2: injected with 0.6 µg of 25(OH)D3 in 100 µL 
commercial diluent. On 19 DOI, blood was drawn from the chorioal-
lantois vasculature, and embryo sex was confirmed by gonadal examina-
tion. Serum was separated from the whole blood and analyzed for CA 
and PHOS concentrations. Data were analyzed by ANOVA of SAS 9.3, 
with injection trt and sex set as fixed effects and blocks (trays) as random 
effects. The injection of 0.6 µg of 25(OH)D3 on 18 DOI did not affect 
serum CA (9.43 and 9.49 mg/dl in trt 1 and 2, respectively; P = 0.94) or 
PHOS (6.22 and 6.98 mg/dl in trt 1 and 2, respectively; P = 0.49) concen-
trations on 19 DOI. However, CA and PHOS concentrations were highly 
correlated (r = 0.81; P < 0.0001). In conclusion, the injection of 0.6 µg of 
25(OH)D3 increased serum 25(OH)D3 concentrations, but did not alter 
serum CA or PHOS concentrations. The lack of change in CA and PHOS 
concentrations may be due to the fact that their levels are tightly regulated 
in the blood. Nevertheless, because CA and PHOS mobilization from the 
eggshell may occur in response to the elevation of circulating 25(OH)D3 
levels, CA and PHOS concentrations in other tissues of the embryos (e.g., 
bone and yolk) should be measured in further studies.

Key Words: 25-hydroxylcholecalciferol, broiler, calcium, embryo, in ovo 
injection

P207 Different fatty acids have different potenitals for the induction of 
key adipogenic transcripts in preadipocytes isolated from laying hens 
Alemu Regassa*1, Woo Kyun Kim2 1University of Manitoba, Winnipeg, 
Canada; 2University of Goergia, Athens, GA
It has been shown that exogenous fatty acids (FAs) can activate the ex-
pression of adipogenic transcription factors in various animal species. 
This study was conducted to study the effects of different FAs on the ex-
pression of key adipogenic transcription factors in preadipocytes isolated 
from laying hens. Preadipocytes were isolated from 40-wk old Single 
Comb White Leghorn hens (Lowman) hens and treated with 10% Fetal 
Bovine Serum (FBS), FBS + 300 µM oleic acid (FBS + OA), FBS + 300 
µM stearic acid (FBS + SA), FBS + 300 µM linoleic acid (FBS + LA), 
and FBS + 300 µM palmetic acid (FBS + PA) for 48 hours. Relative 
expressions of genes in different FAs treatment groups were measured 
by quantitative real-time reverse transcriptase polymerase chain reaction 
(qRT-PCR) using ∆∆Ct method. Compared to the control (FBS treated 
cells), the mRNA expression of FABP4 was significantly higher (P ≤ 
0.05) in cells treated with FBS + LA, FBS + PA, FBS + OA, and FBS 
+ SA; FBS + LA treatment exhibited the highest FABP4 expression fol-
lowed by FBS + PA, FBS + OA, and FBS + SA. Similarly, the expression 
of C/EBPβ was significantly increased (P ≤ 0.05) in preadipocytes treated 
with FBS + OA, FBS + SA, FBS + LA, and FBS + PA treatments com-
pared to the control cells. There were no significant differences among 
the control and FAs treated cells in the expression of LEPR, but FBS 
+ OA and FBS + SA treatments significantly reduced the expression 
of SREBP1. As compared to the control and FBS + OA treated cells, 
PPARγ2 expression significantly increased (P ≤ 0.05) in those treated 

with FBS + PA. In conclusion, these studies showed different FAs have 
different potentials for induction of key adipogenic transcripts with LA 
being the most potent. 

Key Words: Adipogenesis, Adipogenic gene, Hen preadipocytes, Fatty 
acids, Transcription factor

P208 Ovarian mRNA expression of ghrelin in fed and fasted broiler 
breeder hens Martha Freeman*, Joshua Hamburg, Adam Davis University 
of Georgia, Athens, GA
In vertebrates, ghrelin is a highly conserved protein hormone involved 
in a wide range of regulatory pathways linking nutritional state with tis-
sue and cellular function. Ghrelin is produced by the acylation of the 3rd 
amino acid of unacylated ghrelin by ghrelin O-acyltransferase (GOAT) 
and the acylated form of ghrelin can bid to the ghrelin receptor and elicit 
a cellular response. Our laboratory has previously reported that the the-
ca and granulosa cells of developing hen preovulatory follicles express 
ghrelin receptor mRNA and that the granulosa cells of preovulatory fol-
licles express GOAT mRNA. In addition, fasting broiler breeder hens 
increases plasma ghrelin levels and the mRNA expression of GOAT in 
the proventriculus. Broiler breeder hens are feed restricted during rearing 
and production to control body weight and enhance reproductive per-
formance. Implementation of feed restriction programs typically results 
in the birds being fed once every other day during rearing and once a 
day during production. This feeding schedule results in significant fast 
periods between feedings which is detrimental to follicular development. 
Therefore, in the current research, proventricular and ovarian mRNA ex-
pression of ghrelin was examined in 6 hens that had been fed or fasted 
for 72 hours. Theca and granulosa tissue was isolated from individual F1, 
F2, F3 and F4 follicles a pool of small yellow follicles (SYF) and a pool 
of large white follicles (LWF). The isolated theca and granulosa tissue 
from each follicle size was combined from 2 birds, thus creating 3 repli-
cate samples of each tissue type for each follicle size within each feeding 
treatment. Total RNA was extracted from each sample for real time PCR 
that utilized specific taqman MGB probes and primers for detecting ghre-
lin and GAPDH (endogenous control). The mRNA for ghrelin was ex-
pressed in the proventriculus and in theca and granulosa samples from all 
follicle sizes, but expression did not vary with feeding state. The results 
suggest that the preovulatory follicles of broiler breeder hens possess all 
the components of a functional ghrelin signaling system and that GOAT 
may be the key regulator of the production of acylated ghrelin.

Key Words: granulosa, theca, proventriculus

P209 Effect of various monochromatic LED light colors on the 
performance, blood properties, bone mineral density and meat quality 
properties of ducks Kyeong Seon Ryu*1, Md. Rakibul Hassan2, Shabiha 
Sultana2, Ki woong Kim3 1Chonbuk National University, Jeollabuk-do, 
Jeonju, Republic of Korea; 2Chonbuk National University, Jeonju, Republic 
of Korea; 3Department of Animal Science, Jeonju, Republic of Korea
The effect of various monochromatic LED light color was applied to 
evaluate the performance, blood properties, bone mineral density and 
meat quality properties of ducks. In Expt 1, 720 d-old cherry valley duck-
lings (56.54 ± 0.49 g) were divided into 4 light treatments (6 replicate 
pens/treatment; 30 ducks/pen) and were assigned to 1) Yellow (Y, 600 
nm), 2) Green (G, 540 nm), 3) Blue (B, 460 nm) 4) Control white (fluo-
rescent lamps). In Expt 2, 6 LED light treatments with 4 replicates were 
assigned as pure blue (PB, 440-450 nm), bright blue (BB 460-470 nm), 
sky blue (SB 480-490 nm), greenish blue (GB 500-510 nm), pure green 
(PG 520-550 nm) and fluorescent white as control treatment. The light 
schedule was provided (24L: 0D from 0-4 d, 22L: 2D from 5-10 d, 20L: 
4D from 11-17 d and 18L: 6D from 18-42 days of age) with 20 lux light 
intensity. Ducks had ad libitum access to commercial pellet and water. 
In both experiments, blood and tibia samples (10 per treatment) were 
collected and blood properties and bone mineral density (BMD) were 
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analyzed by using Konelab 20 and bone densitometer. In Expt 1, Y and 
G light did increase body weight and weight gain at first 21d. During the 
22–42 d, weight gain was increased in G and B treatments (P < 0.05). 
Variation of light color did not influence the blood albumin, glucose, to-
tal cholesterol, TG, HDL contents. In consequent, serum enzyme (AST, 
ALT) activities and bone mineral densities were not influenced by the 
light treatments of ducks. Growth performances were also increased by 
the PG light treatment (P < 0.05) in Expt 2. However, no additional effect 
was found in weight gain among the BB, SB and GB treatments. Though 
the feed intake was not influenced by the light treatment but numerically 
higher intake was attained by the PG treatment. In both experiments, 
FCR was not influenced by the light color. Blood properties were not 
influenced but serum cholesterol level was decreased by the PB treat-
ments (P<0.05). During the rearing period, variation of light color had 
similar meat quality properties and bone mineral density of ducks. Based 
on two experiments, monochromatic G light color would increase growth 
performance and blood properties, while providing similar bone and meat 
properties of cherry valley ducks.

Key Words: LED light color, performance, blood properties, meat quality, 
Ducks

P210 Effect of different monochromatic LED light colors on the 
performance, blood properties, bone mineral density, meat quality 
properties and fatty acid composition of broiler chicks Md. Rakibul 
Hassan*SC, Shabiha Sultana, Ki Woong Kim, Kyeong Seon Ryu Chonbuk 
National University, Jeonju, Republic of Korea
We have previously shown that G × B mixed lighting is effective for 
enhancing growth, and meat quality of broiler chicks. Therefore, the pres-
ent study was conducted to identify the specific LED light wavelengths 
to optimize the performance, blood properties and bone mineral density, 
meat quality, splenocyte proliferation and fatty acid composition of broil-
er chicks. A total of 1,200 Ross × Ross 1-day old chicks were equally 
allotted to the following 6 light treatments with 4 replications: pure blue 
(PB, 440-450 nm), bright blue (BB 460-470 nm), sky blue (SB 480-490 
nm), greenish blue (GB 500-510 nm), pure green (PG 520-550 nm) light 
colors. Fluorescent white light was the control. The light schedule was 
provided (24L: 0D from 0-4 d, 22L: 2D from 5-10 d, 20L: 4D from 11-
17 d and 18L: 6D from 18-42 days of age. Consequently light intensity 
was also decreased with the age of the birds (15 lux from 0-7d, 10 lux 
from 8-21d and 5 lux from 22-42 d). All birds were housed in rice hull-
littered floor pens (0.1m2/bird) and allowed free access to feed and water. 
At the 3rd and 5th weeks of age, 10 blood samples per treatment were 
taken by puncturing the wing vein and separated serum was stored at 
-700c until analysis. The results showed that body weight (879.03 g) and 
weight gain (721.23 g) were increased by the SB treatment from 8-21 d 
of age (P<0.05). But during the growing period (22-42 days) weight gain 
(1819.80 g) was significantly increased by the PB treatment. However, no 
significant difference was observed among the BB, SB, GB, or PG treat-
ments. Though the variation of light treatments had no effects on blood 
properties at 3rd weeks of age, but PB light treatment had reduced (P < 
0.05) blood glucose (230.77 mg/dl), total protein (3.94 g/dl), triglycerides 
(40.55 mg/dl), total cholesterol (191.33 mg/dl) and HDL (99.18 mg/dl) 
levels at 6 weeks of age. There were no differences in meat qualities and 
bone mineral densities among the light treatments. On the other hand, 
myristic acid (0.850), palmitoleic acid (6.73) and oleic acid (C18:1n7, 
4.55) contents in breast meat were significantly (p<0.05) increased in PG 
treatment and no difference between GB and PG treatments. In addition, 
splenocytes proliferation were increased by the SB treatments (P<0.05). 
Thus, the results of this experiment indicate that performance, blood and 
immunity were optimized by the PB and SB light treatment of broiler 
chicks.

Key Words: LED light color, Performance, Blood properties, meat fatty 
acid, broiler chicks

P211 Effects of the raising model on semen quality and fertility of male 
Sichuan White Geese Anfang Liu*1, Mingjun Chen1, Jing Zhang1, Wang 
Xi1, Jie Liu1, Xia Qiu1, Hongpeng Ma1, Wei Zhai2 1Southwest University, 
Chongqing, China; 2Mississippi State University, Starkville, MS
At present, the free-range model of raising geese is gradually transform-
ing into barn feeding in China. The technique of artificial insemination 
will be applied more widely with the upcoming changes of goose raising 
models. The effects of the raising model on semen quality of male Sich-
uan white geese were investigated in the current trial. Forty male Sichuan 
white geese (at 210 d of age) were randomly allocated into 10 cages and 
10 floor pens. The cage or pen served as a replicate unit (with a total of 
10 replicates per raising model and 2 geese per replicate). A total of 200 
females Sichuan white geese (at 210 d of age) were randomly allocated 
to 20 floor pens (10 females per pen). Semen was collected from the 
males at 270 to 285 d of age and artificially inseminated into females. 
The eggs from females inseminated were collected from d 273 to 282 
of age. Data were analyzed using t-test of SPSS 17. The results showed 
that raising male geese in cages lowered semen volume (P = 0.007, 0.441 
and 0.375 mL, respectively) and sperm concentration (P < 0.0001, 4.78 
and 3.21 × 108/mL, respectively) and sperm motility (P < 0.0001, 80.4 
and 68.1%, respectively). Raising the males in the cages also lowered the 
pH of semen (P = 0.026, 7.14 and 6.74, respectively). The fertilization 
rate and hatchability of fertile eggs from females inseminated with semen 
from males raised in cages were reduced (P < 0.0001, 89.5 and 85.3%, 
respectively; P = 0.016, 91.2 and 89.3%, respectively). In conclusion, 
the raising model of male geese may lower semen quality and subse-
quent fertility to the eggs. In order to maintain similar fertilization rate 
and hatchability when apply artificially insemination to female geese, a 
higher volume of semen may be required from male geese raised in cages 
than those raised in floor pens. 

Key Words: hatchability, goose, raising model, semen quality, sperm

P212 Effects of single nucleotide polymorphism of H-FABP gene on 
carcass traits in Sichuan White Geese Anfang Liu*, Shukai Yuan, Jing 
Zhang, Jie Liu, Xia Qiu, Hongpeng Ma Southwest University, Chongqing, 
China
The current trial was conducted to study the possibility of the heart type 
fatty acid binding protein (H-FABP) gene as a candidate gene related 
to carcass traits of Sichuan White Geese. One hundred Sichuan White 
Geese were raised under the same conditions, and carcass traits were de-
termined on 70 d of age. The single nucleotide polymorphism of geese 
H-FABP gene part coding region was detected by polymerase chain reac-
tion single-strand conformation polymorphism (PCR-SSCP) and DNA 
sequencing. A single nucleotide polymorphism site (T to A mutation) was 
found at 30 bp in the part coding region of the geese H-FABP gene. The 
two genotypes were defined as AA and AB. Data were analyzed using 
t-test of SPSS 17. The results showed that geese with AA genotype ex-
hibited greater weights of body (P < 0.0001, 3,463 and 3,025 g, respec-
tively), carcass (P < 0.0001, 2,709 and 2,273 g, respectively), breast (P < 
0.0001, 330 and 242 g, respectively), and leg (P < 0.0001, 393 and 306g, 
respectively). Relative abdominal fat weight was not affected by the two 
genotypes (P = 0.42, 0.206 and 0.196%, respectively). In conclusion, it 
suggests that the growth and carcass traits of Sichuan White Geese may 
be regulated by the single nucleotide polymorphism of H-FABP gene. 
H-FABP gene may be linked to gene(s) which regulate protein deposition 
and distribution in Sichuan White Geese. 

Key Words: carcass trait, goose, H-FABP, PCR-SSCP, polymorphisms
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P214 EFFECT OF FEEDING VARIOUS PROBIOTICS ON THE 
PERFORMANCE AND EGG QUALITY IN LAYING HENS Ki 
Woong Kim*, Md. Rakibul Hassan, Shabiha Sultana, Kyeong Seon Ryu 
Chonbuk National University, Jeonju, Republic of Korea
With increasing concerns about antibiotic resistance and safety of live-
stock products for consumers, there is increasing interest in finding al-
ternatives to antibiotics for poultry production. Therefore, the present 
experiment was conducted to evaluate the effects of different kinds of 
probiotics on the performance and egg quality of laying hens. A total of 
450 Lohmann light laying hen were randomly divided into 5 groups, and 
5 replicates of 18 birds in each replicate pen. Birds had ad libitum access 
to feed (contain 2740 kcal/kg ME and 16.2% CP) and water throughout 
the study (29-40 weeks). Treatment included 1) control (basal diet with-
out probiotics), 2) inoculation of 0.15% Lactobacillus SPP with basal diet 
(B), 3) inoculation of 0.15% blood meal (BM), 4) inoculation of 0.15% 
fermented brimstone (BS), 5) inoculation of 0.15% bisprotech (BP, mix-
ture of Lactobacillus spp, blood meal and fermented brimstone), respec-
tively. Egg production, egg weight and feed intake in each treatment were 
recorded daily and egg quality were measured every four weeks inter-
val. Results indicated that 0.15% BP supplemented with basal diet had 
numerically increased egg production. Feed intake was not influenced 
by the probiotics feeding. Egg mass was increased significantly by the 
supplementation of BP probiotics into the diet (P<0.05). Therefore, FCR 
was improved by the addition of BP probiotics into the diet. In egg qual-
ity, eggshell color, albumen height, Haugh unit, yolk color and eggshell 
strength were not altered by the probiotic treatments but heavier egg was 
laid by the BP probiotics group. From 33 to 36 wks, eggshell thickness 
was also increased by BP probiotics in the diet (p<0.05). In conclusion, 
the data indicated that feeding dietary supplementation of 0.15 % BP pro-
biotics did improve egg production, egg mass, FCR, egg weight and egg 
quality of laying hens.

Key Words: Probiotics, Performance, egg quality, laying hens

P215 Effect of feeding different levels of plant extracts on the 
performance and egg quality of laying hens Ki Woong Kim*, Md. 
Rakibul Hassan, Shabiha Sultana, Kyeong Seon Ryu Chonbuk National 
University, Jeonju, Republic of Korea
The risk of developing antibiotic-resistant pathogenic bacteria, the use of 
antibiotic growth promoter has been removed from the market in many 
countries. Meanwhile, it is necessitated to find effective alternatives to 
the use of antibiotic in poultry production. Therefore, the present experi-
ment was conducted to investigate the effectiveness of different levels of 
Japanese plant extract (commercial name, miracle animal) on the perfor-
mance and egg quality of laying hens. At 31 wks, a total of 360 Lohmann 
light laying hens were divided into four groups with 5 replication having 
18 birds in each replicate. A basal diet with 2740 kcal/kg ME and 16.2% 
CP were assigned to all birds. Dietary treatments consisted of feeding 1) 
a control diet with no supplementation, 2) diet supplemented with 100 
ppm plant extract (is a natural plant extract made from fermented or-
ganic plants ex. Turmeric, blueberry, rashberry, mashrooms etc), 3) diet 
with 200 ppm plant extract and 4) diet with 400 ppm plant extract. The 
hens were allowed ad libitum access to feed and water. Egg production, 
egg weight and feed intake in each treatment were recorded daily and 
egg quality were measured every four weeks interval by QCM+-System, 
TSS. Egg shell breaking strength was measured by using an egg multi-
tester instrument (QC-SPA, TSS, York, UK). The results showed that egg 
production (94.72 %) and egg mass (57.55) were increased numerically 
with dietary supplementation of plant extract (400 ppm). Though the ef-
fect was non-significant, better feed conversion ratio (1.933) was attained 
in the 400 ppm feeding treatment (p>0.05). From 31-34 wks, feed in-
take of the treatment groups were increased than that of control group 
(p<0.05). Egg shell breaking strength (4645.82 g/cm2) was increased sig-
nificantly with increasing level of plant extract (400ppm) into the diet. 
Egg weight, shell color and yolk color were not influenced by the inocu-

lation of plant extract in the diet. Albumin height (9.0 mm) and Haugh 
unit (93.97) tended to increase compared to that of control at all period 
(p<0.05). Thus, the results of this experiment indicate that 400ppm di-
etary supplementation of plant extract would enhance performance and 
egg quality of laying hens. Meanwhile, further follow-up studies should 
be conducted to investigate additional effects of more than 400 ppm in 
laying hens diet. 

Key Words: plant extract, performance, egg quality, laying hens

P216 Effects of two probiotics and citric acid on broiler performance, 
gut morphometrics and pancreatic enzyme activity Juan Carlos Rios 
Alva*1, Giovana Magenis1, Cecilia Amaral1, Silvana Artoni1, João Pizauro1, 
Edgar O. Oviedo-Rodón2 1Universidade Estadual Paulista, FVMZ, 
Jaboticabal, Brazil; 2North Carolina State University, Raleigh, NC
Acidifiers and probiotics are considered alternative feed additives (FA) 
for growth promotant antibiotics. Their mechanisms of action and effi-
cacy are variable and should be better understood. One experiment aimed 
to evaluate the effects of the dietary addition of 2 probiotics (Paenibacil-
lus and Bacillus) and citric acid on broiler performance, intestinal mor-
phometrics and pancreatic enzyme activity. Four hundred d-old male 
Ross 308 chicks were placed in 20 floor pens with reused litter and fed 
common corn-soybean basal diets (BD) that contained salinomycin. The 
5 treatments evaluated were a negative control (NC) without FA, a posi-
tive control with lincomycin (PC), citric acid, Paenibacillus and Bacillus 
subtilis (GalliPro). BW, feed intake (FI) and FCR corrected by mortality 
were evaluated at starter (0-21d), grower (22-35d) and finisher (36-42d) 
phases and the whole grow out. At 14, 28 and 42d intestinal samples of 
one chicken per pen were collected to evaluate villi height and width and 
goblet cells in the duodenum, jejunum and ileum. At 28 and 42d of age, 
pancreatic amylase, trypsin and chymotrypsin activities were evaluated. 
Data were analyzed in a CRD with orthogonal contrasts against the posi-
tive control. No significant effects (P>0.05) of treatments were observed 
on BWG, FI or FCR in all phases evaluated or the whole grow out, except 
that FCR in the finisher phase was better (P<0.05) in the PC than the NC. 
This indicates that all FA did not improve live performance compared to 
the NC. Villi morphometrics was affected (P<0.05) by treatments during 
the starter phase. Broilers fed diets containing Paenibacillus had wider 
villi than broilers from the PC. Villi height was decreased by Paenibacil-
lus and citric acid. Citric acid increased the number of goblet cells in the 
duodenum and jejunum at 14 and 28d. Treatments did not affect (P>0.05) 
pancreatic enzyme activity. In conclusion, the FA did not affect broiler 
performance; however, they affected intestinal mucosa morphometrics. 
Citric acid had significant effects on goblet cell proliferation compared 
to lincomycin.

Key Words: Probiotic, citric acid, broiler performance, gut morphometrics

P217 Phosphorus bioavailability in chicks fed with distillers dried 
grains with solubles low-oil. Arturo Cortes*1, Sarahí Ramírez2, Carlos 
Lopez1, Jose Arce3, Ernesto Avila1 1National University of Mexico, 
Mexico City, Mexico; 2National University of Mexico, Estado de Mexico, 
Mexico; 3Universidad Michoacana de San Nicolas de Hidalgo, Morelia, 
Michoacan, Mexico
In order to evaluate posphorus bioavailability in two samples (A and 
B) of distillers dried grains with solubles (DDGS) low-oil, relative to 
Mono-dicalcium phosphate (MDP) in broilers diets. Two hundred 
ten male Ross 308 chicks 7-21 days old were employed. A completely 
randomized design was used with 7 treatments with 3 replicates of 10 
birds each. The treatments were: 1)Basal diet sorghum-soybean meal 
with 0.14% available phosphorus, 2)As 1+0.05% inorganic phospho-
rus from MDP, 3)As 1+0.10% inorganic phosphorus from MDP, 4)As 
1+0.05% phosphorus from DDGS A, 5)As 1+0.10% phosphorus from 
DDGS A, 6)As 1+0.05% phosphorus from DDGS B and 7)As 1+0.10% 
phosphorus from DDGS B. Supplementations based in phosphorus MDP 
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or DDGS to basal diet deficient in phosphorus, were to expenses of cel-
lulose. Left tibias were removed for bone ash and bone strength deter-
mination. Phosphorus bioavailability was estimated using the slope ratio 
method, where (Y=dependent variable), β0=ordinate of origin to the con-
sumption of MDP (β1X1=standard curve) and comparison with intakes of 
phosphorus (independent variable) from DDGS samples A and B low-oil 
(β2X2+β3X3). Results from tibia bone ash and bone strength increased lin-
early (P<0.01), increased phosphorus in diet from MDP or from DDGS 
A or B. The results of percentage of ash bone tibias, were explained by 
equation Y=27.614+0.007X1+0.005X2+0.006X3 and bone strength (kg/
cm2), results were explained by equation Y=1186.345+6.863X1+5.978X
2+4.986X3, which in both equations X1 concerned to MDP supplementa-
tion as the source of phosphorus (T1, T2 and T3), X2 to DDGS A low-oil 
(T1, T4 and T5) and X3 DDGS B low-oil (T1, T6 and T7). Slopes com-
parison of ash bone tibias percentage and bone strength tibias of chicks 
fed with DDGS A or B, with slope of MDP considered 100% phospho-
rus bioavailability, were for ash bone tibia (72% and 86%) and for bone 
strength (87% and 73%) in DDGS A and B respectively.

Key Words: Phosphorus bioavailability, broiler chicks, DDGS low-oil, 
ash bone tibias, bone strength

P218 Digestible valine from two different sources, L-Val and crude 
protein Fernando Perazzo*1, Matheus Lima1, Eduardo Nogueira2, Edgar 
Ishikawa2, Cleber Oliveira1, Gledyssonn Lobato1, Clariana Santos1 
1Federal University of Paraiba, Areia-PB, Brazil; 2Ajinomoto do Brasil, 
Sao Paulo-SP, Brazil
Valine is the fourth limiting amino acid for broilers fed corn and soybean 
meal based diets. This study examined responses of broilers provided ex-
perimental diets varying in digestible Val: digestible lysine ratio from 1 to 
42 d of age. Eight hundred Cobb 500 male chicks were randomly distrib-
uted into floor pens at 1 d of age (20 birds per pen) and fed experimental 
diets from 1 to 42 d of age. The diets consisting of corn and soybean 
meal were formulated to be adequate in all other amino acids, except 
the digestible Val. The treatments consisted of diets with crude protein 
source of amino acids, digestible valine, considering the amino acids ra-
tios, where the digestible methionine + cystine: digestible lysine and di-
gestible threonine: digestible lysine did not differ between treatments, in 
which 72 (1-7 and 8-21d) and 73 (22-33 and 34-42d), and 65 (1-7, 8-21, 
22-33 and 34-42d), respectively for these amino acids. Thus, Treatment 
1 consisted of Val: Lys ratio 68 (1-7 and 8-21d) and 69 (22-33 and 34-
42d), and Treatment 4 consisted of Val: Lys ratio 77 (1-7 and 8-21d), and 
78 (22-33 and 34-42d). Treatment 2 consisted of 67% of Treat 1 + 33% 
Treat 3, and the Treat 4 consisted of 33% of Treat 1 + 67% Treat 4. Treat-
ment 5 consisted of a diet according to the suggested by the Brazilian 
Tables for Poultry and Swine. Bodyweight gain, feed intake, feed con-
version ratio were assessed during experiment trial. The bodyweight gain 
was increased (P<0.03) in the treatments 4 and 5 (2,749g and 2,753g) in 
comparison to others treatments (Treat 1= 2,651g). Feed intake didn’t 
influenced (P<0.896), but the feed conversion ratio was more efficient 
(P<0.0179) in the treatment with L-Valine supplementation, Treatment 
5 (1.64g/g). In conclusion, the L-Valine supply is more efficient to ad-
equate levels of digestible valine than crude protein of the diet to male 
broilers from 1 to 42 d of age.

Key Words: broilers, ideal protein, requirement

P219 Branched chain amino acids ratio to Japanese quail diets to 
1-21d period Fernando Perazzo*1, Danilo Cavalcante1, Cleber Oliveira1, 
Danilo Vieira1, Guilherme Lima1, Eduardo Nogueira2, Edgar Ishikawa2, 
Marianne Kutschenko2 1Federal University of Paraiba, Areia-PB, Brazil; 
2Ajinomoto do Brasil, Sao Paulo-SP, Brazil
This study aimed to determine the best branched chain amino acids ratio 
to Japanese quail diets during period from 1 to 21 days. We used 432 
Japanese quails (Coturnix coturnix japonica) from one day old with an 

average weight of 7.59 ± 0,54g. The birds were distributed in a com-
pletely randomized design with six treatments and six replications with 
12 birds per pen. The treatments were: positive control (PC), formulated 
to meet the nutritional requirements of birds; a negative control (NC), 
deficient in isoleucine, leucine and valine. The treatments 3, 4, 5 and 6 
were supplemented with leucine and isoleucine (Ile/Leu), isoleucine and 
valine (Ile/Val), leucine and valine (Leu/Val) and the last treatment was 
provided of all three amino acids studied (Ile/Leu/Val), respectively. The 
evaluated variables were: feed intake (FI), weight gain (WG) and feed 
conversion ratio (FCR). The parameters were influenced (p<0.05) by the 
ratio between the different amino acids for feed intake, weight gain and 
feed conversion in Japanese quails from one to 21 days. The birds fed 
diets supplemented with Ile/Val and Ile/Val/Leu presented lower FI. The 
weight gain of quails fed diets supplemented with Leu/Val was lower 
compared to the other treatments. The best FC was observed in Ile/Val 
supplemented. The best ratio of branched chain amino acids for japanese 
quail diets from 1 to 21 days was obtained with supplementation of iso-
leucine and valine.

Key Words: amino acids, isoleucine, valine, Leucine

P220 Determination of the second limiting amino acid for Japanese 
quails diets in the period of 22-42 days of age Fernando Perazzo*, Danilo 
Cavalcante, Danilo Vieira, Cleber Oliveira, Guilherme Lima, Clariana 
Santos, Lavosier Cavalcante, Leonilson Dantas Federal University of 
Paraiba, Areia-PB, Brazil
This study aimed to determine the second limiting amino acid for Japa-
nese quails aged 22-42 days were fed diets based on corn and soybean 
meal. Four hundred and eighty Japanese quail, females, with 22 days of 
age were divided into eight treatments and five replicates of fifteen birds. 
The birds were housed in cages receiving water and feed at will. All treat-
ments were completed the methionine (Met) and the second essential 
amino: T1 (methionine); T2 (T1 + lysine); T3 (T1 + threonine); T4 (T1 + 
tryptophan); T5 (T1 + valine); T6 (T1 + arginine); T7 (T1 + isoleucine) 
and T8 (T1 + All). The parameters evaluated were feed intake (FI, g), 
weight gain (WG, g) and feed conversion (FC, g/g). Data were subjected 
to analysis of variance and differences between treatments were tested by 
SNK test at 5% probability. Feed intake was not affected by treatments. 
The treatment that met the methionine and lysine showed greater weight 
gain and better feed conversion followed by treatment that met the me-
thionine. It can be concluded that lysine is the second limiting amino acid 
for Japanese quails in the period of 22-42 days.

Key Words: feed, quail, performance, requirement

P221 Evaluation of Lysine requirement of the French guinea fowl 
broiler Samuel Nahashon*, Kiimya Nelson Tennessee State University, 
Nashville, TN
The optimum levels of lysine needed for growth performance and main-
tenance of the French Guinea (Numida meleagris) fowl broiler were eval-
uated. In a completely randomized design, 432 day old guinea keets were 
assigned to dietary treatments comprising eight levels of lysine (0.80, 
0.86, 0.92, 0.98, 1.04, 1.10, 1.16, and 1.22 percent). Each of the diets 
was replicated 3 times and each replicate had 54 birds. The diets were 
fed ad libitum for a period of eight weeks and experimental birds were 
evaluated for feed consumption, body weight gain, feed conversion ra-
tio, and carcass components to determine their optimum requirement for 
dietary lysine. Experimental birds were provided water ad libitum along 
with a 23-hour light regimen. Based on findings of this research, birds 
responded better to diets containing 1.10 -1.22 percent lysine from hatch 
to 8 weeks of age (WOA). Therefore, we recommend that guinea fowl 
broilers be fed diets containing 1.10 percent lysine during the exponen-
tial growth phase as this seems to provide optimum growth performance. 
There were no significant differences (P>0.05) in body weight gain, feed 
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consumption, feed conversion and carcass components of birds fed the 
1.10, 1.16 and 1.22 percent lysine diets. 

Key Words: Guinea fowl, Lysine requirement, Poultry, Nutrient require-
ments

P222 An Evaluation of Malian Pearl Millet for Poultry Production 
Ramata Cisse*, Joshua Hamburg, Martha Freeman, Adam Davis University 
of Georgia, Athens, GA
In developing countries where affordable animal protein sources for hu-
man consumption are deficient, the consumer price of poultry products 
and the expansion of the commercial poultry industry are often negative-
ly impacted by the utilization of costly imported feed ingredients to make 
poultry diets. Identifying and utilizing locally grown feed ingredients 
would be beneficial in these locations. Pearl millet is a drought resistant 
plant that produces a nutritious grain and its cultivation in present day 
Mali spans thousands of years. It is still widely cultivated in Mali, but 
the suitability of this grain in poultry production is unknown. Therefore, 
the nutrient composition of 7 different varieties of pearl millet grown in 
Mali was assessed before completing experiments in which laying hens 
or broilers were fed diets containing 0, 14, 28 or 43 percent whole pearl 
millet. The 7 different widely available varieties of pearl millet grown in 
different regions of Mali all had protein concentrations which were better 
than corn and had apparent digestible amino acid coefficients which were 
similar to corn. The nitrogen corrected true metabolizable engery values 
ranged from 3395 to 3738 Kcal/kg on an as is basis. Egg production and 
egg weight did not differ between the hens fed the different levels of mil-
let thorough out a 16 week experiment. Broilers fed the highest level of 
pearl millet from 1 to 42 days of age gained less (3.088 versus 2.949 kg) 
body weight than those fed the control diet. However, body weight gains 
did not differ between the broilers fed the control diet and the diets con-
taining 14 or 28 percent whole millet. The current research indicates that 
the widely grown millet varieties in Mali are comparable to or slightly 
better than corn in nutrient composition and thus could make an ideal 
substitute for corn in poultry diets. In addition, the results also indicate 
that pearl millet could be utilized in whole form when feeding broilers 
and laying hens without compromising bird performance.

Key Words: Laying hen, Broiler

P223 Improving turkey performance using a Bacillus-based microbial 
feed additive Bente Lund*1, Krzysztof Kozłowski2, Jan Jankowski2 1Chr. 
Hansen A/S, Hørsholm, Denmark; 2University of Warmia and Mazury, 
Olsztyn-Kortowo, Poland
A feeding trial was conducted at University of Warmia and Mazury, Ol-
styn, Poland to evaluate the performance improvement in turkeys fed ad 
libitum a corn/soybean meal containing a probiotic feed additive com-
prising B. licheniformis DSM 5749 and Bacillus subtilis DSM 5750 in 
a ratio of 1:1 reared on wood shavings. The experiment was carried out 
with Hybrid Converter turkeys from day old until 84 days of age using 
a 3 phase diet. 300 day old birds were distributed in a complete random-
ized design in two treatment groups, 1) untreated control and 2) probiotic 
treated group (1.3x106 CFU Bacillus spores/g feed), each comprising 10 
replicates of pens of 15 birds. Zootechnical parameters were measured: 
liveweight, feed conversion ratio and the Productive Efficiency Index 
(PEI) calculated . Data were analysed using ANOVA and mean values 
of the treatment groups were compared using the GLM test for signif-
icance at 5% level. Final live weight of turkeys fed the probiotic was 
significantly improved as compared to the negative control group, final 
weight 7659 g and 7363 g, respectively, a 4.0 % improvement (P=0.02). 
While FCR did not differ significantly between treatments, there was still 
a 4 point improvement in FCR in the probiotic group compared to con-
trols, 1.90 and 1.94, respectively. The PEI was significantly improved 
in the probiotic versus control group, 453 and 481, respectively, a 6.1% 
increase (P=0.03). In conclusion, the probiotic feed additive used in this 

study when fed to healthy turkeys can significantly improve production 
performance. 

Key Words: additive, probiotic, DFM, poultry, turkeys

P224 Use of a Bacillus subtilis and Bacillus cereus based probiotic 
and as performance enhancer in broilers challenged with Salmonella 
Enteritidis. Joice Brustolin*, Maria Weiller, Maristela Lovato, Ana Torres, 
Gustavo Schneiders, Giovana Basso, Lauren Sagave, André Macedo 
Universidade Federal de Santa Maria, Santa Maria, Brazil
In order to determine the if using a Bacillus subtilis and Bacillus cereus 
based probiotics is beneficial to feed conversion and weight gain of broil-
ers when included in the diet of animals experimentally infected with SE, 
100 one-day-old broiler chicks (Coob) were housed and divided into 06 
treatments with two doses each (dose 1: 200g/ton initial phase 150g/ton 
the following phases ; dose 2: 150g/ton initial phase and 100g / ton the 
following phases) where: T1 - commercial feed with growth promoter 
without inoculation of SE with the use of probiotics ( dose 1 and dose 
2 ) (Pr+,SE-, Prob+ dose 1 e 2),; T2 – P-, SE-, Prob+ dose 1 e 2; T3 – Pr+, 
SE-, Prob- T4 – Pr+, SE+, Prob+ dose 1 e2; T5 – Pr-, SE+, Prob+ dose 1 e 
2; e T6 – Pr+, SE+, Prob-. In the final phase all animals received a diet 
without growth promoter. To calculate live performance, the birds and 
the ration offered in feeders were weighed for 6 weeks for the purpose of 
calculating the feed conversion (FC). Statistical analysis was performed 
using the Tukey test (5%). The results obtained for FC for the respective 
groups during six weeks were: T1 (1.13, 1.44, 1.98, 1.63, 2.74, 2.15), T2 
(1.38, 1, 68, 2.16, 1.96, 2.06, 2.67), T3 (1.09, 1.89, 3.17, 3.55, 5.69, 3.44), 
T4 (1 .09, 2.51, 3.14, 2.59, 2.88, 2.51), T5 (0.978, 1.57, 2.06, 1.9, 2.39, 
2.12) and T6 (1.32, 1.88, 0.83, 4.56, 2.37, 3.28). It has been found that 
the use of probiotic associated with the growth promoter was beneficial 
for the birds while keeping them with satisfactory weight gain and FC, 
even when challenged with the SE, dose 01 had the best results. Still, it 
was observed that only the use of the probiotic was not able to keep the 
weight gain of the birds at both doses, but kept feed conversion within the 
expected. There were no statistical differences among groups. It is con-
cluded, therefore, that the use of probiotics when combined with growth 
promoter showed good results, especially using the first dose, and the 
sole use of probiotic does not guarantee optimum weight gain in broiler 
chickens.

Key Words: weight gain, feed conversion, probiotics, growth promoters

P225 Effectiveness of a Bacillus based DFM to inhibit pathogenic 
bacteria in both in vitro and in vivo assays Jose Luis Vicente*, Jacob 
Lum, Matt F. Faulkner, Ross E. Wolfenden Pacific Vet Group USA Inc., 
Fayetteville, AR
There is growing evidence that Bacillus spore based direct-fed microbi-
als (DFM) can help to improve broiler performance by reducing patho-
genic bacteria within the gastrointestinal tract. Sporulin®, a DFM, con-
tains three different Bacillus subtilis isolates (NP122, AM0904, and B2). 
These three isolates, individually as well as in the commercial product, 
were evaluated for their effectiveness to inhibit pathogenic bacteria un-
der in vitro (overlay) conditions. Isolates AM0904 and B2 and Sporulin 
showed clear zones of inhibition against S. Enteriditis, S. Typhimurium, 
S. Heidelberg, S. Kentucky, E. coli F18, E. coli O158:H7, and C. per-
fringens. Isolate NP122 did not inhibit S. Heidelberg and E. coli F18, 
but inhibited the other pathogens. Two independent in vivo experiments 
were performed to evaluate the effect of Sporulin on E. coli F18 popula-
tions within the gastrointestinal tract (Ileum and ceca) of broiler chicks. 
In each trial, one hundred and forty day-of-hatch chicks obtained from a 
commercial hatchery, were placed into isolation chambers and then di-
vided into 2 groups (Control [CTL] and Treated [SPO]). All chicks were 
inoculated with ~107 cfu of E. coli F18 on day 2 by oral gavage. The SPO 
group received Sporulin in the feed (1.0x106 cfu/g). In both trials, the 
ileum and ceca were sampled from 12 chicks per group on days 2, 5, 9, 
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and 12. The E. coli population was determined by enumeration on Mac-
Conkey agar plates containing nalidixic acid (20µg/L). In exp. 1, E. coli 
F18 populations were reduced (P<0.05) in the SPO group at day 2 (1.87-
Log10), 5 (2.3-Log10), 9 (3.2-Log10), and 12 (4.47-Log10) compared 
to the control group. In exp. 2, lower levels (P<0.05) of E. coli F18 were 
detected on days 9 (0.77-Log10) and 12 (0.80-Log10) in the SPO group 
compared to the CTL group. These results suggest that Sporulin reduces 
E. coli populations within the gastrointestinal tract of broiler chickens.

Key Words: Direct-Fed-Microbial, Bacillus subtilis, E. coli, Broiler chicks

P226 Performance of broilers fed the Bacillus-based probiotic 
GalliPro, a meta-analysis Anee Berg Kehlet*, Jens Noesgaard Joergensen, 
David Harrington Chr. Hansen A/S, Hoersholm, Denmark
While the global poultry industry strives for ever improving efficiency 
of broiler production, the use of different chemical programmes to help 
boost performance and control disease comes under increasing consumer 
and Regulatory scrutiny. Flexibility in management programmes to offer 
alternatives to chemicals such as antibiotic growth promoters, for exam-
ple, are needed and direct fed microbials, are one such option. GalliPro, a 
unique strain of Bacillus subtilis. has been used successfully in commer-
cial poultry production globally. A meta-analysis was performed using 
data from 18 floorpen studies comparing GalliPro fed birds to controls 
(either medicated or non-medicated). Studies were conducted over a 6 
year period and included both Ross and Cobb birds, and wheat and maize 
diets. Studies were conducted in the EU, Asia, USA and South America. 
The study duration was either 35 or 42 days. Birds fed GalliPro had a 
significantly better FCR compared to controls, 1.77 versus 1.80, respec-
tively, (P < 0.001) and higher weight gain, 1.74k g versus 1.72 kg respec-
tively, (P < 0.001). Mortality did not differ significantly between treat-
ments, nor was there a diet or breed effect. These data demonstrate over a 
prolonged period of time that bacillus-based probiotics such as GalliPro 
are able to deliver increased broiler performance (2% FCR increase and 
1% weight gain increase) irrespective of cereal or bird breed and can be 
considered a viable alternative in bird management programmes.

Key Words: GalliPro, Performance, Broiler, Meta-analysis, Probiotic

P227 Effect of addition of Paenibacillus on broiler performance, 
intestinal morphometrics and pancreatic enzyme activity Juan Carlos 
Rios Alva*1, Cecilia Amaral1, Silvana Baraldi Artoni1, Pizauro João1, 
Giovana Magenis1, Edgar O. Oviedo-Rondón2 1Universidade Estadual 
Paulista, FVMZ, Jaboticabal, Brazil; 2North Carolina State University, 
Raleigh, NC
Probiotics have been shown to improve broiler performance and affect 
gut morphometrics. This study was conducted to investigate the effects 
of adding 3 levels of Paenibacillus (PO) to the feed of broilers on perfor-
mance and intestinal morphometrics. Four hundred d-old male Ross 308 
chicks were placed in 20 floor pens with reused litter and fed common 
corn-soybean basal diets (BD) that contained salinomycin. Five dietary 
treatments resulted from using the BD without feed additives (WFA) as 
a negative control, adding growth promotant antibiotic (lincomycin) as a 
positive control, and adding PO at 30, 45 and 60 ppm. BW, feed intake 
(FI) and FCR corrected by mortality were evaluated at starter (0-21d), 
grower (22-35d) and finisher (36-42d) phases and the whole grow out. 
Mortality was recorded and the productivity index (PI) was calculated. 
At 14, 28 and 42d intestinal samples of one chicken per pen were col-
lected to evaluate villi height, density and width, and goblet cells in the 
duodenum, jejunum and ileum. At 28 and 42d of age, pancreatic amylase, 
trypsin and chymotrypsin activities were evaluated. Data were analyzed 
in a CRD with regression analyses of PO levels and orthogonal contrasts 
with positive and negative controls. No significant effects (P>0.05) of 
PO inclusion levels were observed on BWG, FI or FCR in all phases 
evaluated or the whole grow out, except for a linear (P<0.05) improve-
ment of FCR in the finisher phase. No significant differences (P>0.05) 

were observed between probiotic levels with the negative and positive 
control groups. In gut morphometrics, no effects of treatments were de-
tected on villi height. However, as PO levels increased villi width linearly 
decreased at 14 and 28d, and villi density increased at 28 and 42d. The 
PO levels had a quadratic effect on goblet cell numbers in all sections and 
age periods assessed. Amylase activity was the only pancreatic enzyme 
affected (P<0.05) by PO levels at 28 and 42d. It was concluded that Pae-
nibacillus did not affect broiler performance; nevertheless it influenced 
gut morphometrics and pancreatic enzyme activity.

Key Words: Probiotic, broiler performance, gut morphometrics

P228 Intra egg inoculation of Bacillus subtilis improves the weight 
of chicks hatched† Liliana Borges*SC, TCO Quadros, VR Almeida, JB 
Matos, Jr., S. Sgavioli, G. Milan, ET Santos, SM Baraldi-Artoni, Faculty 
of Agriculture and Veterinary Sciences, Sao Paulo State University, 
Ribeirao Preto, Brazil;
†FAPESP financial support 2011/13068-7 and 2012/00038-5

Lately more emphasis has been given on the chicken’s first days, because 
85% of the energy is used for growth and only 20% for maintenance in 
this period. A method for manipulate the digestive functions is through 
inoculation of probiotics during incubation that allows the introduction of 
specific bacterias in contact with enterocytes before the hatching, can im-
prove the healthy and animal performance. This study examined if inocu-
lation intra eggs of Bacillus subtilis during incubation influences the rela-
tive weight of chicks hatched. We used 500 fertile eggs (Cobb®), from 
broiler breeder hens at 43 weeks old, within the range of egg weight of 
66 ±2 g distributed homogeneously in five incubators with temperature, 
turning and moisture automatic control. The experimental design was the 
randomized design with five treatments with 100 eggs each: control (eggs 
not inoculated) and eggs inoculated with 0,1 mL of Bacillus subtilis in 
four concentrations, 0 CFU, 106 CFU, 107 CFU and 108 CFU. At 18 days 
old the eggs were injected into the air sac. The relative weight was cal-
culated through the relationship between absolute weight of chicks and 
egg weight in percentage. The data were subjected to analysis of variance 
using the General Linear Model (GLM) procedure of SAS®. In case of 
significant effect, the comparison of the averages was performed using 
5% probability of Tukey test. The highest percentage of relative weight of 
chicks was observed with 107 CFU of Bacillus subtilis (81,45%) and the 
lowest with control (77,28%). The data indicate that the concentrations 
of Bacillus subtilis influences the relative weight of chicks hatched and 
the inoculation of 107 CFU of Bacillus subtilis provides better utilization 
of nutrients to the intestinal mucosa, improving weight gain of the chicks 
at birth.

Key Words: probiotic, bacteria, injection, fertile eggs, broiler

P230 Renal gene expression in chicks fed diets contaminated with 
ochratoxin A C.P. Zeferino*1, K.D. Wells1, R.A. Murarolli1, C.W. 
O’Gorman1, E.H. Kobashigawa1, B. Landers1, A.S.A.M.T. Moura2, G.E. 
Rottinghaus1, D.R. Ledoux1 1University of Missouri, Columbia, MO; 
2Universidade Estadual Paulista Julio de Mesquita Fieho, Botucatu, Brazil
The objective of this study was to evaluate the effects of dietary ochratox-
in A (OA) on performance and renal gene expression in broilers chicks. 
One hundred and eighty day-old male broiler chicks (Ross) were random-
ly assigned to a 3 x 3 factorial arrangement of treatments (3 levels of OA; 
0, 1 and 2 mg OA/kg diet and 3 time periods; days 7, 14 and 21). Birds 
were allocated to 36 pens (4 replicate pens of 5 birds each per treatment). 
Over the experimental period (1 to 21d), growth performance of birds fed 
1 mg OA/kg diet was not different (P > 0.05) from that of controls. In 
contrast, birds fed 2 mg OA/kg diet had decreased (P < 0.05) feed intake 
and body weight gain, poorer (P < 0.05) feed conversion and increased 
(P < 0.05) relative kidney weights. For RNA-Sequencing analysis (RNA-
Seq), kidney samples were collected weekly from 3 chicks fed the basal 
diet (0 mg OA/kg) and 3 chicks fed the basal diet supplemented with 
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1 mg OA/kg. The libraries were sequenced by Illumina’s TruSeq RNA 
protocol. NextGENe®- NG Release V 2.17 (beta) was used for alignment 
and quantification of the transcripts. Reads per kilobase of target per mil-
lion tiled reads (RPKM) were used in the Binary Test Analysis (P < 0.05) 
for the transcripts that were turned on (expression induced) and turned off 
(expression inhibited). More than 25 million 50-bp RNA-Seq reads were 
produced over the three time periods. Transcripts (40,782) were built de 
novo and annotated by homology to either G. gallus or H. sapiens. There 
were 40, 23 and 39 genes that were turned on with inclusion of OA in the 
feed at days 7, 14 and 21, respectively, whereas, 11, 18 and 12 genes were 
turned off with inclusion of OA in the feed at the same periods. In con-
clusion, although chicks fed 1 mg OA/kg diet had growth performance 
similar to control chicks, this concentration of OA caused altered renal 
gene expression at days 7, 14 and 21.

Key Words: broilers, ochratoxin A, RNA sequencing, transcripts

P231 Influence of aflatoxin on yield of organ and broiler performance 
Camila B. Santos*UG1, Alexandre P. Rosa1, Catiane Orso1, Heleno M. 
Freitas1, Graciele D. Schirmann1, Micheli F. Khun1, Carlos E. B. Vivas1, 
Angélica Londero1, Juliana Forgiarini1, Evilásio P. Melo2 1Federal 
University of Santa Maria, Santa Maria-RS, Brazil; 2Vet Science Bio 
Solutions, Maringá-PR, Brazil
The effect of 3mg kg-1 of aflatoxin (AFL) and the efficiency of an ad-
sorbent commercial (ADS) were investigated in diets for broilers. The 
ADS was based on 70% of glucan derived from yeast cell wall, 25% of 
montmorilonite and 5% of rosemary oil. This study was carried out at 
Poultry Laboratory – LAVIC at the Federal University of Santa Maria 
– Brazil. It was used 600 chicks (Cobb 500 males) distributed in 6 treat-
ments with 10 replicates (10 birds each) in a factorial design (2x3) with 
two aflatoxin levels (0 and 3ppm) and three different adsorbent levels (0, 
0.3 and 0.4%). The diets were based on corn and soybean meal with the 
same nutrients levels. Growth performance parameters were recorded at 
the end of experimental phase. At 21 days of age, broilers were weighed 
and slaughtered. The heart, gizzard, spleen and liver from three birds per 
replicate were collected and weighed to calculate the yield of organs in 
ratio at body weight. Data were submitted to analysis of variance and 
Tukey’s test (5%). The intoxicated birds showed worst results of perfor-
mance (P<0.05). The use of adsorbent in diet with aflatoxin improved 
the body weight, the gain weight and the productive efficiency index of 
broilers chicks (P=0.0001). The feed intake and feed conversion rate of 
birds fed with diets contend AFL and 0.4% ADS levels were better than 
intoxicated birds that did not receive additive in the diet. The mortality of 
chicks was highly influenced only by the addition of aflatoxin in the diet 
(P=0.0055). The organs’ results were highly affected by the addition of 
3ppm of aflatoxin in the diet (P<0.001). The use of ADS increased body 
weight and it reduced the yield of gizzard and spleen in chickens fed with 
diets contaminated with AFL. The level of 3ppm caused deleterious ef-
fect on the birds and the use of 0.3% of adsorbent was effective, because 
it improved the growth performance of broiler chickens intoxicated dur-
ing the period from 1 to 21 days of age. Therefore, the ADS minimized 
the negative effect of aflatoxin on birds.

Key Words: additive, poultry, body weight, toxin, feed intake

P232 Effect of true Barbatimão (Stryphnodendron adstringens mart.) 
on eimeriosis control and performance in broilers Flavia Aparecida 
Nogueira*, Juan Carlos Rios Alva, Liliana Longo Borges, Thays Quadros, 
Antonio Carlos Paulillo, Maria Rita Pacheco, Silvana Martinez Baraldi 
Artoni, Otto Mack Junqueira Universidade Estadual Paulista, FVMZ, 
Jaboticabal, Brazil
One of the major health problems affecting industrial production of broil-
ers is avian eimeriosis. Most often control of this illness is accomplished 
with the addition of coccidiostats to the feed; however, it has been ob-
served that this practice is intensive and often used incorrectly, caus-

ing some problems of resistance and deposition of residues in the meat. 
Consequently, it is necessary to search for new alternatives to eimeri-
osis control. The objective of this study was to evaluate the effect of true 
barbatimão peels on the performance of broilers and therapeutic activity 
against eimeriosis. 700 d old broiler chicks were randomly divided into 
five treatments. These treatments were an uninfected negative control, 
a positive control that was infected and untreated and another positive 
control that was infected and treated with either salinomycin or 1.5 or 3.0 
ppm of phytotherapeutic-barbatimão. Each treatment contained four rep-
lications. The birds were challenged with strains containing the species 
Eimeria maxima. Clinical parameters were evaluated by scoring the dam-
age in the duodenum, jejunum and ileum. Oocyst count in feces and mor-
tality were also recorded. Feed intake (FI), feed conversion ratio (FCR) 
and body weight gain (BWG) were evaluated at starter (1-21 d), grower 
(22-35 d) and finisher (36-49) phases. No significant effects (P>0.05) of 
treatments were observed on FCR, FI and BWG, except that FI was dif-
ferent (P<0.05) in the starter and grower phases. Mortality was differ-
ent (P<0.05) in the finisher phase. There was a reduction in fecal oocyst 
count in chickens treated with 1.5 and 3.0 ppm of barbatimão. Positive 
control treatments challenged and treated with salinomycin and treated 
with 3.0 ppm of herbal-barbatimão had the lowest average injury scores. 
Thus it can be inferred that herbal peels from ground barbatimão at the 
doses tested assist in controlling avian eimeriosis, reducing excreted oo-
cysts and lesion scores, with the highest dose being the most effective. 
However, barbatimão also restricts consumption and, consequently, af-
fects weight gain.

Key Words: phytotherapeutic, anticoccidial, eimeria, gut, broiler

P233 Evaluation of an algal β-glucan on broiler growth performance 
and immune response. Jake Pieniazek*1, Rocky Latham1, Mallori 
Williams1, Joseph Klein1, Tryon Wickersham1, Robert Levine2, Jeff 
Lebrune2, David Caldwell1, Jason Lee1 1Texas A&M University, College 
Station, TX; 2Algal Scientific Corporation, Plymouth, MI
The objective of the current study was to investigate the effects of an 
algal β 1, 3-glucan (ABG) product (Algamune ZPC™) on broiler perfor-
mance, oocyst output following an Eimeria challenge, and antibody titer 
levels following Newcastle vaccination and boost. Three experiments 
were conducted evaluating 4 dietary treatments, including a control diet 
and the control diet supplemented with three increasing levels of ABG 
(100, 250, and 750 g/MT of diet). Experiment 1 evaluated the effects 
of ABG on performance parameters along with organ weights in a 42 d 
grow-out study. Broilers were administered a live oocyst vaccine on d 1 
and 35 birds were placed in 10 replicate pens per dietary treatment. Inclu-
sion of ABG at 750 g/MT increased (p<0.05) d 14 body weight (BW) 
compared to the control; the inclusion of ABG at 250 g/MT improved 
(p<0.05) feed conversion ratio (FCR) compared to the control diet. At 
the conclusion of the trial, no differences in BW, FCR, or organ weights 
were observed with the inclusion of ABG compared to the control diet. 
Experiment 2 consisted of a battery trial placing 70 broilers per dietary 
treatment challenged with a 100x dose of vaccine strain Eimeria oocysts 
on d 10. Fecal samples were collected 6, 7, 8, and 9 d post inoculation 
to determine oocyst output. Inclusion of ABG at 100 and 250 g/MT re-
duced oocyst/g of fecal material on d 6 post-challenge as compared to the 
control. The inclusion of ABG at 250 and 750 g/MT reduced (p<0.05) 
cumulative FCR through d 20 compared to the control. Experiment 3 
consisted of 120 male broilers with five birds randomly placed into 6 
replicate battery pens per dietary treatment. Newcastle vaccine was ad-
ministered on d 1 and 18. Blood samples were collected prior to boost 
and 7 d post boost to evaluate antibody titers. No differences in antibody 
titer were observed prior to d 18 vaccine boost; however, an increase 
(p<0.05) in antibody titer on d 25 was observed in birds fed ABG at 250 
g/MT.  These data demonstrate the ability of ABG inclusion to improve 
early performance in broilers, reduce oocyst shedding, and increase New-
castle specific antibody titer.
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Key Words: β-glucan, Broiler, Antibody titer, oocyst output

P234 Efficacy of Mozambican bentonite and diatomaceous earth in 
ameliorating the toxic effects of aflatoxin in broiler chicks F.R. Dos 
Anjos*SC1, D.R. Ledoux1, G.E. Rottinghaus1, M. Chimonyo2 1University of 
Missouri, Columbia, MO; 2University of KwaZulu-Natal, Scottsville, South 
Africa
Aflatoxin (AF) contamination of poultry feed is a continuing problem. 
One practical method for protecting chicks against AF is the utilization of 
adsorbents that when mixed in the feed binds AF in the gastro intestinal 
tract reducing its bioavailability. Diatomaceous earth (DE) and bentonite 
clay (B) available in Mozambique were evaluated for their effectiveness 
in ameliorating the toxic effects of AF in broiler chicks. One hundred and 
fifty day-old male broiler chicks were assigned to 6 dietary treatments, 
with 5 replicate pens of 5 chicks each per treatment. Dietary treatments 
included: 1) a positive control basal diet (BD) containing no AF, no B, 
or no DE; 2) BD + 0.50% B but with no AF or DE; 3) BD + 0.50% DE 
but with no AF or B; 4) BD + 2 mg AF/kg diet but with no B or DE; 5) 
BD + 0.50% B + 2 mg AF but with no DE; and 6) BD + 0.50% DE + 2 
mg AF but with no B. Compared with controls, feed intake (FI) and body 
weight gain (BWG) were significantly depressed (P < 0.05) in chickens 
fed AF, with greater reduction in FI and BWG observed in birds fed the 
AF plus 0.50% DE diet. Although not statistically significant, the addi-
tion of 0.50% B to the AF diet improved FI (6%) and BWG (9%) when 
compared with chicks fed only AF. Feed conversion was not significantly 
(P > 0.05) different among treatments. Chicks fed AF alone had similar 
relative liver weights to chicks fed AF + DE but increased (P < 0.05) 
relative liver weights compared to all other dietary treatments. Chicks fed 
AF alone and those fed AF + DE had heavier (P < 0. 05) relative kidney 
weights compared to chicks fed other dietary treatments. Chicks fed AF 
+ B had relative kidney weights that were intermediate between those of 
chicks fed other diets containing AF and those fed diets containing no 
AF. Results suggest that B was marginally effective in reducing the toxic 
effects of AF.

Key Words: aflatoxin, Bentonite, Diatomaceous earth, broilers

P235 The effect of varying the inclusion of two different anticoccidials 
into a commercial diet on D0-49 Ross 708 bird performance Rosana 
Hirai*UG1, Timothy Cummings2, Kelley Wamsley1 1Poultry Science 
Department, Mississippi State University, Mississippi State, MS; 2Zoetis, 
Starkville, MS

The objective of the current study was to evaluate four different inclusion 
strategies of two commercially available anticoccidials, a narasin-nicar-
bazin combination product (NN) and a lasalocid based product (LA), on 
D0-49 Ross 708 bird performance. Treatment (Trt) 1 consisted of NN 
inclusion throughout grow-out (72 g/t from D0-14 and 14-28, 54 g/t from 
D 28-42), Trts 2 and 3 utilized the same NN inclusions until transitioned 
to the inclusion of LA on D14 (68 g/t; Trt 2) and D28 (68 g/t; Trt 3), 
while Trt 4 consisted of LA included at 68 g/t throughout grow-out. All 
trts were fed common withdrawal diets (without anticoccidial) from D42-
49. All birds were fed identical diets that contained an antibiotic (BMD 
at 50 g/t) and were initially batched at a commercial mill. Respective 
anticoccidials (depending on Trt) were applied just prior to pelleting at 
a pilot mill. On d of hatch, 1120 straight-run Ross 708 chicks were ob-
tained from a commercial hatchery and randomly assigned 14 chicks per 
pen (0.07 sq m/bird). Each Trt was assigned to one of 80 pens located 
within 20 blocks.  Pens were top-dressed with used litter. Feed and water 
were provided ad libitum. The experimental unit consisted of one pen 
of 14 birds and the experimental period was from D0-49. Performance 
variables were analyzed as a randomized complete block design and 
consisted of average body weight and gain (BW; BWG), feed conver-
sion ratio (FCR) and percent mortality. In the current study, when birds 
were transitioned from NN to LA (Trt 2 on D14; Trt 3 on D28), there 
was some performance benefit in terms of FCR; however, only for those 

respective feeding phases (D14-28 for Trt 2; P=0.01 and D28-42 for Trt 
3; P=0.001). These performance benefits were lost by the end of the next 
feeding phase (D42 for Trt 2; D49 for Trt 3). Overall, D0-49 data demon-
strated no significant differences among anticoccidial inclusion strategies 
employed for any measured performance variable (P>0.05). 

Key Words: broiler performance, anticoccidials, commercial diets

P236 Evaluation of bone morphology of broilers supplemented 
with vitamin D Rodrigo Garófallo Garcia*, Roselaine Ponso, Irenilza de 
Alencar Nääs, Ibiara Almeida Paz Federal University of Grande Dourados, 
Dourados, Brazil
The success of the poultry industry is due in part to nutrition, and in re-
cent decades, the average daily weight gain increased and due to this 
the incidence of leg weakness. The use of vitamin D has been widely 
studied in poultry in an attempt to reduce the damage caused by locomo-
tor problems. Understanding the numerous nutritional factors involved in 
bone development, such as deficiencies of vitamins and minerals, are of 
paramount importance in the occurrence of skeletal disorders. Vitamin 
D3 in poultry has been widely used to decrease the incidence of certain 
metabolic disorders of the fast-growing birds, among them the tibial dys-
chondroplasia. Thus, this work was to evaluate morphological and histo-
logical bone of broilers and the development of tibial dyschondroplasia, 
supplemented with vitamin D. We used 468 male chicks a day, three com-
mercial strains reared in cages. Distributed in a completely randomized, 
allocated in a factorial 3x3 (three strains: Ross, Cobb and Hybro, three in-
clusion levels of vitamin D3 in the diet: 1250UI D3/kg without 25 - (OH) 
D3; 1250UI D3/kg with 69mg 25 - (OH) D3/te 3000IU D3/kg with 69mg 
25 - (OH) D3 / t). The morphological and histological analysis showed 
that the treatment did not affect the development of tibial discrondropla-
sia, since the birds did not have this disorder. It was concluded that, even 
being raised in battery cages, bones of broilers were within normal limits, 
regardless of the levels of vitamin D3 in the diet and the strains studied.

Key Words: chondrocytes, dyschondroplasia, locomotor disorders, vita-
min D, bone problems

P237 Impact of dietary Ca on the efficacy of a 6-phytase from 
Buttiauxella spp. in broilers Seon-Woo Kim*1, Roselina Angel1, 
Wenting Li1, Encarna Jimenez-Moreno1, Monika Proszkowiec-Weglarz1, 
Peter Plumstead2 1University of Maryland, College Park, MD; 2DuPont 
Industrial Biosciences, Marlborough, United Kingdom
Phytase efficacy may be altered by the formation of Ca-phytate com-
plexes in the digestive tract, which is pH dependent, and influenced by Ca 
concentration and inorganic Ca solubility. Effects of Ca on the efficacy of 
a new 6-phytase derived from Buttiauxella spp. and expressed in Tricho-
derma reesei were evaluated in two broiler experiments (Exp) using dif-
ferent Ca concentrations and/or limestone particle sizes. For each Exp, 
a corn SBM basal diet containing no inorganic P was mixed. Limestone 
(particle size: 0.42mm in Exp 1 and 2, or pulverized to less than 0.037mm 
in Exp 2) was added to achieve analyzed Ca of 0.77, 0.93, and 1.11% and 
0.68, 0.91, and 1.08% in Exp 1 and 2, respectively. Analyzed phytase 
was 714 (Exp 1) or 1,108 FTU/kg (Exp 2). Test diets were fed to 26 d 
old Hubbard 99M x Cobb 500F broilers (9 replicates, 3 birds/replicate) 
and apparent ileal P digestibility (AID) determined after 32h. In Exp 1, 
increasing Ca from 0.77% to 1.11% reduced P AID (P<0.01) in diets with 
or without phytase. Adding phytase improved P AID (P<0.01) resulting 
in an average contribution of 0.191% digestible P. In Exp 2, when diets 
with 0.42 mm limestone were fed, there was no effect of Ca level on 
P AID regardless of phytase inclusion but phytase addition resulted in 
0.163% more P digested at the ileal level. In contrast, in diets with pulver-
ized limestone, increasing Ca from 0.68 to 1.08% had no effect on P AID 
in the absence of phytase. When phytase was added, there was a step wise 
decrease in P AID as Ca increased, reducing the respective increment in 
digested P resulting from added phytase from 0.197 to 0.140%. In sum-
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mary, the effect of Ca level had little influence on P contributions from 
phytase when diets contained limestone with a particle size of 0.42mm, 
but reduced P contributions from phytase when pulverized limestone was 
used.

Key Words: phytase, phosphorus, calcium, limestone particle size, broiler

P238 Influence of calcium and phosphorus source on broiler 
performance, gastrointestinal and blood pH, and calcium and 
phosphorus digestibility during heat stress D.R. Ledoux*1, E.H. 
Kobashigawa1, R.A. Murarolli1, T.E. Peckman1, C.L. Walk2, C.L. Wyatt3 
1University of Missouri, Columbia, MO; 2AB Vista, Marlborough, United 
Kingdom; 3AB Vista, Stilwell, KS
Male, Cobb 500 broilers (n = 280) were fed one of eight diets as a 2 x 2 x 
2 factorial, including two sources of Ca: limestone (LS) or an experimen-
tal Ca source (LX), two sources of P: dicalcium phosphate (DP) or meat 
and bone meal (MBM) and two doses of phytase: 500 or 1500 FTU/kg. 
Diets were fed in mash form and met or exceeded nutrient recommenda-
tions, once a 500 FTU/kg Ca and avP phytase matrix had been taken 
into account. On d 21, ileal digesta was obtained for determination of 
Ca and P digestibility. In addition, crop and gizzard pH was determined 
from each bird and an average/pen was obtained. Broilers showed signs 
of panting and splayed wings and ate 19% less, were 20% lighter and 
7% less efficient than breed standards indicating the birds were exposed 
to heat stress. Body weight gain was influenced by a Ca x P source inter-
action (P<0.05), with broilers fed DP with LX or MBM with LS being 
heavier than broilers fed MBM with LX or DP with LS. Broilers fed phy-
tase at 500 FTU/kg with MBM or phytase at 1500 FTU/kg and DP were 
more efficient than broilers fed 500 FTU/kg with DP (P source x phy-
tase, P<0.05). Gizzard pH was lower (P<0.05) in broilers fed 500 FTU/
kg compared to broilers fed 1500 FTU/kg. Apparent ileal Ca digestibility 
was highest in broilers fed LS with MBM compared with broilers fed 
MBM with LX or DP with LS (Ca x P source, P<0.05). Apparent ileal P 
digestibility was highest in broilers fed LS, regardless of the P source, but 
lowest in broilers fed MBM with LX (Ca x P source, P<0.05). Phytase at 
1500 FTU/kg increased (P<0.05) P digestibility compared to 500 FTU/kg 
phytase. Blood pH tended (P<0.06) to be lowest and Ca or P digestibility 
highest in broilers fed LS with MBM or LX with DP. These results may 
indicate that the dietary Ca or P source influenced the response of broilers 
to heat stress. 

Key Words: broiler, gastrointestinal pH, heat stress, digestibility

P239 Analysis of eight trial studies confirmed beneficial effect of 
a combination of enzymes and direct fed microbials on weight gain 
and feed utilization efficiency in broilers Yueming Dersjant-Li*, Luis 
Romero, Alexandra Wealleans, Ajay Awati Danisco Animal Nutrition/
Dupont, Marlborough, United Kingdom
A combined statistical analysis was carried out to determine the effect 
of a feed additive containing xylanase, amylase, protease and direct fed 
microbials (DFM, containing three Bacillus strains) on the growth per-
formance of broilers compared to negative controls without the additive. 
Data from 8 trial studies were used in the analysis. Studies were divided 
into two groups based on the severity of challenge situations: 1) low 
challenge including vaccines and added litter in drinking water (LC); 2) 
high challenge which was necrotic enteritis challenge, induced by dos-
ing with a broth culture of C. perfringens during 20-21d (HC). Broiler 
performance over 0-42 days was analyzed. Body weight corrected feed 
conversion ratio (FCRc) was calculated by adjusting 3 points for every 
100g body weight difference between test group and control group. Final 
body weight in control group was significantly lower in high challenged 
trials than in low challenged trials (1.9 vs 2.8kg). Significant Treatment 
effect and Treatment*Challenge interaction were found for body weight 
gain (BWG), feed conversion ratio (FCR) and calories conversion ratio 
(CC, kcal/kg BWG) (Table 1). Supplementation of the additive improved 

BWG, FCRc and CC by 5.2, 8.9 and 7% respectively. The effect of the 
additive was more pronounced under high challenge, improving BWG, 
FCRc and CC by 10.2, 14.1 and 11.3% respectively. This analysis indi-
cates that the additive containing enzymes and DFM combination was 
effective in improving BWG, feed utilization efficiency and calorie con-
version ratio in broilers, especially in a severely challenged situation.

Table 1. Effect of enzymes and DFM combination on growth perfor-
mance of broilers during 0-42 days under low and high challenge, based 
on statistical analysis of 8 trial studies. 

Treatment effect1 P Low challenge1 High 
challenge1

P 
(interaction)

NC2 Test3 NC Test NC Test
WG, g 2334.9b 2457.1a <.0001 2784.0b 2835.7a 1885.8b 2078.6a <.0001
FI, g 4241.2 4212.9 0.34 4620.4 4647.5 3861.9 3778.4 0.06
FCR 1.87a 1.74b <.0001 1.685a 1.656b 2.047a 1.817b <.0001
FCRc 1.87a 1.70b <.0001 1.685a 1.641b 2.047a 1.759b <.0001
CC, 
kcal/kg4

5685.7a 5289.4b <.0001 5088.0a 5003.8b 6283.2a 5574.8b <.0001

1a,b refers significant difference between NC and test group at P<0.05; 2 

NC=negative control; 3 Test = supplementation of enzyme and DFM; 4 
CC = calorie conversion ratio (kcal/kg BWG); 

Key Words: broilers, weight gain, feed efficiency, enzyme, DFM

P240 Analysis of phenolic compounds by supercritical fluid 
chromatography for poultry feed Ronald Holser* USDA-ARS, Athens, 
GA
Phenolic compounds have generated interest as components in functional 
feed formulations due to their anti-oxidant, anti-microbial, and anti-fungal 
properties. These compounds may have greater significance in the future 
as the routine use of antibiotics is reduced and the prevalence of resis-
tant bacteria increases. Phenolic compounds occur in plants as secondary 
metabolites and may be recovered from biomass as a co-product during 
biofuel production. The rapid detection and quantitation of these natural 
compounds is needed to measure their purity both in plant extracts and in 
feed formulations. Current analytical techniques using high performance 
liquid chromatography (HPLC) rely on detection in the ultraviolet region, 
e. g., 280 nm, following gradient elution by HPLC. Resolution of several 
phenolic compounds from a plant extract can require complicated gradi-
ents with extended analysis times. Frequently, a reverse phase method is 
used with aqueous methanol or acetonitrile solvent systems. An alterna-
tive analytical approach to measure phenolic compounds was evaluated 
that uses compressed carbon dioxide to replace the traditional organic 
solvents, supercritical fluid chromatography (SFC). SFC has proven use-
ful for chromatographic separations where carbon dioxide can replace 
lipid solvents such as hexane. Mixtures of several common phenolic 
compounds, e. g., ferulic acid, coumaric acid, catechin, and epicatechin, 
were prepared and analyzed by SFC and conventional HPLC. The results 
obtained on an SFC system equipped with diode array and light scattering 
detectors (UPC2, Waters Corp., Milford, MA, USA) demonstrated sepa-
ration of ferulic and coumaric acids in less than 3 minutes with separation 
of catechin and epicatechin in less than 5 minutes. Similar separations 
performed by HPLC required 15 minutes. The advantages of the SFC 
technique for the analysis of phenolic compounds include both speed and 
the possibility of replacing hazardous expensive organic solvents with 
non-hazardous, inexpensive, and renewable carbon dioxide.

Key Words: analysis, antibiotics, chromatography, feed, phenolics
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P241 Dietary Alterations with Live Coccidiosis Vaccine (LCV) 
Response and D0-46 Ross 708 Broiler Performance Robert Sellers*UG1, 
Wei Zhai1, Carla Price2, Phil Stayer2, Tom Tabler1, Kelley Wamsley1 

1Poultry Science Department, Mississippi State University, Mississippi 
State, MS; 2Sanderson Farms, Inc., Laurel, MS
The objective of this study was to evaluate the effects of altering diet 
formulation on bird response to LCV as compared to birds given a tra-
ditional coccidiostat program on D0-46 broiler performance. Two com-
mercial diet formulations were utilized containing similar ingredients. 
Diets mainly differed in digestible amino acid content (DAA), High or 
Moderate (Mod). Treatments (Trt) 1 and 2 consisted of High DAA and 
either utilized a coccidiostat program (Trt 1) or no coccidiostat (Trt 2). 
Treatments 3 and 4 consisted of Mod DAA and utilized a coccidiostat 
program (Trt 3) or no coccidiostat (Trt 4). Treatments 5-8 were formu-
lated to contain Mod DAA and each Trt contained one of four antibiotic 
alternative products (AAP 1-4). Birds fed Trt 1 and 3 did not receive 
LCV, while birds fed Trt 2, 4-8 did. All diets contained BMD at 50 g/t 
except Trt 6, as per AAP 2 manufacturer’s recommendations. Ross 708 
chicks were obtained from a commercial hatchery, feather sexed and di-
vided such that there were 7 females and 7 males per pen (0.86 sq ft/
bird). Each individual pen of 14 birds served as the experimental unit. 
Each Trt was randomly assigned to pen and blocked by location, with 10 
replications per Trt. Pens were top-dressed with litter from a commercial 
poultry house. Feed and water were provided for ad libitum consumption. 
The experimental period was from D0-46, with measured performance 
variables including average body weight (BW), feed conversion ratio 
(FCR) and percent mortality. No significant differences were obtained 
for D0-46 percent mortality (P>0.05). Pre-planned contrasts comparing 
Trt 2 vs 4 demonstrated that increasing DAA did not improve BW or 
FCR (P>0.05). In general, these data suggest that performance will not 
be hindered if a coccidiostat program is removed from a Mod DAA diet 
and birds are vaccinated with LCV; however, AAPs were not effective in 
improving BW or FCR beyond Trt 3 or 4 (P>0.05). It must be noted that 
a tendency was observed for D46 BW, demonstrating that birds fed Trt 
3 were heavier than birds fed Trt 4 (P=0.06). Even though built-up litter 
was utilized in the current study and some necrotic enteritis noted in dead 
pen-mates, it is likely the coccidiosis and/or bacterial challenge was not 
great enough to elicit full benefits of Trts employed.

Key Words: antibiotic alternative, live coccidiosis vaccine, bird perfor-
mance, diet formulation

P242 AviatorTM SCP application in broiler diets: Synergism or 
alternative to antibiotic growth promoter effects Sangita Jalukar*1, 
John Oppy1, Daryl Robinson2, Stewart RItchie3 1Vi-COR, Mason City, IA; 
2Robinson Bioproducts, Okotoks, AB; 3Canadian Poultry Consultants, 
Ltd., Abbotsford, BC
Often, studies done on research farms are not corroborated when tested 
commercially. The purpose of this study was to evaluate and compare 
AviatorTM SCP, a yeast carbohydrate derived product, supplementation 
to antibiotic growth promoter (AGP) in a large commercial barn housing 
approximately 17,000 broilers. Floor pens were placed in the middle of 
this barn to simulate typical challenges associated with raising broilers 
in a commercial “intensive farming” setting. A typical broiler starter (d 
1-21) and grower (d 22-36) diet consisting of corn/soybean meal was fed 
to a total of 288 Ross 308, male broiler chicks. Chicks were randomly 
assigned to 24 floor litter pens with 12 chicks/pen, resulting in 8 replicate 
pens/ treatment. Broilers were fed 1. AGP (BMD, Bacitracin 55 mg/kg) 
2. Aviator SCP (50 mg/kg) with AGP (BMD) 3. Aviator SCP (50 mg/
kg). All diets contained coccidiostats; Nicarbazin and Narasin (40 g/kg 
each) in starter diets and Monensin (99 mg/kg) in the grower diets. Body 
weight (BW) and feed intake (FI) was measured and feed Conversion 
Ratio (FCR) was calculated by pen, at placement 7, 21, and 36 days. 
Mortality and BW was noted daily and used to adjust feed conversion 

ratio (FCR). Feed and water were provided ad libitum. Statistical analy-
sis was performed using Statistix 9 Software. Average BW, FI, and FCR 
were analyzed by Analysis of Variance accounting for treatment, block, 
and day of study. Differences among the mean values were estimated by 
Least Significant Difference (LSD) pair wise comparisons. No signifi-
cant differences in mean BW, FI or FCR were noted during any period 
when the birds received AGP, AGP + Aviator SCP or Aviator SCP only. 
Broilers on Aviator SCP finished with 42 g and 54 g higher average BW 
compared to AGP or AGP + Aviator SCP supplemented birds (p>0.05). 
No synergy was observed with AGP + Aviator SCP. These results support 
the application of Aviator SCP as an alternative to AGP without affecting 
performance in a typical commercial broiler operation. 

Key Words: ABF Broilers, AGP, yeast carbohydrate derivative, FCR, ad-
ditives

P243 Effect of bixin supplementation in quality of broiler meat Fabiana 
Golin Luiggi*, José Roberto Sartori, Carolina Toledo Santos, Ricardo 
Fasanaro, Guilherme Emygdio Mendes Pimenta, Nara Laiane Casagrande 
Delbem, Guilherme Aguiar Mateus Pasquali, Everton Moreno Muro, 
Lucio Vilela Carneiro Girão, Maria Márcia Pereira Sartori Faculdade de 
Medicina Veterinária e Zootecnia - UNESP, Botucatu, Brazil
The bixin is a carotenoid present in the annatto seeds (Bixa orellana) that 
has been studied due to its antioxidant and hypocholesterolemic charac-
teristcs. To evaluate the influence of its addition to the diet of broilers on 
meat quality, an experiment was realized with 900 broilers, housed in a 
completely randomized design with six treatments and six replicates of 
25 birds per pen. The treatments contained 0% (control), 0.05%, 0.10%, 
0.15%, 0.20% and 0.25% of bixin added to diets through the oily extract 
of bixin 7%, used instead of soybean oil. The birds were slaughtered at 
42 d-old and quality analysis were conducted on breast meat (Pectoralis 
major). The meat color, specifically the yellow content (CIELAB scale) 
was amended by the inclusion levels of bixin (5.78, 8.71, 10.38, 11.49, 
12.00, 12.62 for the treatments presented, respectively). The pH and drip 
loss did not change, however, cooking loss and shear force were reduced 
with the inclusion of bixin in the diet, compared to the control treatment. 
The samples presented cooking loss of 26.9, 25.6, 24.3, 24.1, 23.8 and 
23.7% and shear force of 154.03, 148.34, 138.91, 131.30, 135.93 and 
144.26 N / mm for the treatments, respectively. It can be concluded that 
the inclusion of bixin in the diet of broilers, as well as increase the color 
of breast meat, reducing cooking loss and shear force, influencing the 
quality parameters beneficilly.

Key Words: carotenoids, cooking loss, meat color, poultry, shear force

P244 Effect of bixin supplementation in cholesterol levels of broiler 
breast meat Fabiana Golin Luiggi*SC1, José Roberto Sartori1, Ricardo 
Fasanaro1, Peterson Dante Gavasso Pacheco1, Lucio Vilela Carneiro Girão1, 
Ivan Pereira de Souza1, Maria Márcia Pereira Sartori1, Erika Politi Braga 
Saldanha2, Vitor Barbosa Fascina1 1Faculdade de Medicina Veterinária e 
Zootecnia - UNESP, Botucatu, Brazil; 2Agência Paulista de Tecnologia de 
Agronegócios - APTA, Brotas, Brazil
The bixin is a carotenoid present in annatto seeds (Bixa orellana) that has 
been studied due to its antioxidant and hypocholesterolemic characterist-
cs, important in broiler production, because they enable improvement in 
broilers performance and meat quality, increasing the shelf life and reduc-
ing the levels of cholesterol on meat, lipids related to cardiovascular dis-
ease in humans. With this information, the present study was perfoermed 
to evaluate the effect of different levels of bixin inclusion in broilers diet 
on the breast meat (Pectoralis major) cholesterol levels. We used 900 
broilers housed in a completely randomized design with six treatments 
and six replicates of 25 chickens each. The treatments contained 0%, 
0.05%, 0.10%, 0.15%, 0.20% and 0.25% bixin added to diets through 
the oily extract of bixin 7%, used instead of soybean oil. The chickens 
were slaughtered at 42 days and breast meat was analyzed using enzy-
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matic kits to determine the cholesterol total. The treatments did not differ 
significantly due to the large variability of the results. However, inclusion 
of 0.05% of bixin in broilers diet reduced by 2% the cholesterol content 
compared to treatment without addition (82.54 and 85.68 mg cholesterol / 
100g pectoris, respectively). Higher inclusion levels of bixin, from 0.10% 
of inclusion, reduced by 6% the cholesterol content (81.14 mg cholesterol 
/ cholesterol 100 g). These results indicate that bixin reduces cholesterol 
levels in broiler breast meat.

Key Words: broiler meat, carotenoid, healthy, lipid, meat quality

P245 The effect of exogenous protease associated with carbohydrases 
on nutrient digestibility during coccidia challenge in broilers Justina 
Caldas*, Arslan Sabir, Monticha Pustakum, Karen Vignale, Nirun 
Boonsinchai, Judith England, Craig Coon University of Arkansas, 
Fayetteville, AR
The aim of this study was to determine if commercial enzyme blends 
added to diets can improve AMEn and digestibility of nutrients such as 
phosphorus, starch, protein, fat, fiber and amino acids during peak coc-
cidia proliferation in gastrointestinal tract. 2304 male Cobb broilers were 
assorted into 6 treatments with 8 replications in 48 floor pens were inocu-
lated on d 14 with 20,000, 50,000, and 30,000 oocysts per bird with E. 
maxima, E. acervulina, and E. tenella, respectively. 5 broilers from each 
pen were then moved metabolic cages for digestibility studies and fed 
one of 6 different grower diets from d 14 to d 21. The 6 treatments were: 
1.) Negative control (3100 Kcal/Kg, 19% CP), 2.) Positive control (3100 
Kcal/Kg, 21.1% CP, 120% AA of NC), 3.) NC plus protease + pectinase+ 
β-glucanase, 4.) NC plus protease+ α-amylase, 5.) NC plus protease+ 
Β- xylanase + β-glucanase and 6.) NC plus protease+ endo-xylanase + 
α-amylase. All test diets contained phytase and each of the different test 
enzyme blends contained protease in the same dose along with different 
types and concentrations of carbohydrases. The enzymes were included 
on-top of the negative control and 0.5% titanium dioxide was added to all 
diets as a marker. The excreta was collected at d 19 and ileal content at d 
21.The statistical design was a CRD and it was performed using JMP pro 
11 (SAS, 2013). If analysis of variance was significant, Tukey –Kramer 
test was used to account for differences with p-value < 0.05. The enzyme 
treatments improved the digestibility of amino acids when compared to 
the NC. Cystine digestibility coefficients were significantly increased 
with enzyme blends utilized in treatment 3, 4 and 6 by 3.2, 2.7, and 2.5%, 
respectively. Enzyme blends from treatment 3 and 4 significantly im-
proved threonine digestibility coefficients by 3.1 and 2.1 %, respectively, 
compared to the NC. An interesting fact is thr and cys are the largest por-
tion of mucin which production is increased in broilers going through a 
coccidia challenge. The enzymes may be helping with this large increase 
in endogenous loss of cys and thr. The digestibility of phosphorus was 
also improved significantly by treatment 3 compared with the PC and 
NC. The AMEn was significantly higher for the PC compared to all other 
test diets. Enzyme blends in treatments 3 and 5 significantly improved 
AMEn compared to the NC. The PC and enzyme blend from treatment 3 
produced the highest digestibility for NDF (neutral detergent fiber). Each 
of the enzyme treatments produced a significantly higher digestibility of 
NDF compared to the NC. The overall results of the study indicate that 
protease associated with carbohydrases improved the digestibility of nu-
trients at d 21. 

Key Words: Digestibility, protease, carbohydrases, coccidia challenge, 
broilers

P246 Effect of Dietary Exogenous Enzyme Supplementation on 
Enteric Mucin Secretion and Apparent Nutrients digestibility. Ayuub 
A. Ayoola*SC, Ramon D. Malheiros, Peter R. Ferket North Carolina State 
University, Raleigh, NC
An experiment was conducted to determine the effect of supplementing 
turkey poults diet with dietary β-mannanase on enteric mucin secretion 

and apparent nutrients digestibility, using experimental diets in a 2 X 2 
factorial arrangement, with two levels of dietary energy (E) differing by 
~150 kcal ME/kg (high vs low fat), and two dietary inclusion levels of 
endo-beta-D-mannanase (0 vs 0.05% CTCzyme®, CTCBIO, Inc., Seoul, 
Korea). Turkey poults (1-d old) were randomly assigned to 48 cages with 
9 poults per cage according to each dietary treatment. Fecal samples were 
collected from 22 to 24 d and pooled by pen for AMEn and apparent 
N retention (ANR) determination. On 28 day, the ileum was sampled 
for mucin secretion quantification and the contents assayed to determine 
ileal digestibility of dry matter dDM, crude protein (dCP), and crude fat 
(dCF). Although, the dietary inclusion of β-mannanase had no effect on 
AMEn, it reduced fecal moisture content by 10% (p<0.05), and increased 
the ANR by 4% (p<0.05) and dCF by 1.4% (p<0.05). β-mannanase also 
reduced ileal mucin secretion by about 36%, especially when a high-
energy diet was supplemented with β-mannanase (p< 0.05). A covari-
ance and correlation analysis revealed a positive correlation between 
the enteric mucin secretion and the ANR (Correlation coefficient: 0.1) 
and a negative correlation between AMEn and dCP (Correlation coef-
ficient: -0.03 and -0.03, respectively). Because mucin contains a signifi-
cant amount of amino acids, dietary treatments that affect the amount 
of mucin secretion will affect ANR and AMEn results. Mucin secretion 
had a positive correlation effect on ANR as it serves as a substrate for 
cecal microflora fermentation and the N retained as microbial protein. 
In contrast, mucin secretion’s negative correlation with the AMEn could 
be because the cecal microflora cannot sialic acid as a substrate, which 
is the major carbohydrate component of mucin. The negative correlation 
between the ileal mucin secretion and dCP is due to the increase in the en-
dogenous threonine and proline loss because of the increase in the mucin 
secretion. We concluded that the positive effect of dietary β-mannanase 
supplementation on nutrient digestibility is largely influenced by reduced 
ileal mucin secretion.

Key Words: β-mannanase, mucin secretion, AMEn, Apparent Nitrogen 
Retention, ileal protein digestibility

P247 Sodium butyrate release in the gastrointestinal tract. An in vitro 
evaluation of two protected forms PUYALTO MONICA*1, HONRUBIA 
PILAR2, ORTIZ ALVARO3, MALLO JUAN JOSE3 1NOREL S.A., LLIÇÀ 
DE VALL (BARCELONA), Spain; 2NOREL S.A., ONZONILLA - LEON, 
Spain; 3NOREL S.A., Madrid, Spain
An in vitro test was performed with the objective to determine the release 
of butyric acid during the digestion. The products were two butyrate salts 
with different protections, a sodium butyrate encapsulated (freeze dried) 
with palm stearine (SBE) and sodium butyrate protected with sodium 
salt of palm fatty acids (SBP). The content of butyric acid was 25.54% 
in SBE and 56% on SBP. The test was an adaptation of the protocol de-
scribed in Boisen (1991), and the two treatments were replicated 2 times. 
A series of 7 samples per replica with 1g of product tested were weighted 
in 100 ml conical flasks (28 samples). 10 ml 0.2M HCl were added to the 
samples and the pH was adjusted to pH 2. Then 1 ml of a freshly prepared 
pepsin solution was added, containing 2 mg/ml pepsin (10 FIP-U/mg). In 
order to prevent bacterial growth, 0.5 ml of a chloramphenicol solution 
was added. The flasks were closed with a rubber stopper and the samples 
were incubated in a water bath at 39 ºC for 2 hours with repeated gentle 
magnetic stirring. First flask was frozen after 1 h and the second flask 
after 2 hours. The rest of flasks continued the in vitro digestion. 10 ml of 
a phosphate buffer (0.2M pH6.8) + 5 ml of a 0.6M NaOH solution were 
added to the preparations. The pH was adjusted to 6.8 with 1M HCl or 
1 M NaOH. The slurry was then carefully mixed with 1 ml of freshly 
prepared pancreatin solution containing 50 mg pacreatin from pancreas 
(Sigma P1750-25 g). After closing with a rubber stopper the flasks were 
placed in a water bath a 39ºC for incubation for 3 to 6 hours respectively. 
The remaining flasks were frozen after 3, 4, 5 and 6 hours respectively. 
The analysis of % butyric acid was carried out by HPLC with detector 
UV-VWD and using column Zorbax SB-Aq.

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



262 ABSTRACTS OF PAPERS

The in vitro evaluation revealed a higher gradual release of butyrate from 
SBP during the 6 h that the experiment lasted, 511.7 g/Kg; 91.38%; the 
SBE released 193.8 g/Kg; 75.88%. This might be explained by the way 
the two fats are digested, either by acid hydrolysis or by enzymatic diges-
tion (in birds, this point is of utmost importance in young animals). SBE 
(coated with palm stearin) might be less available to chicks as their fat 
coverage has to be degraded by enzymes to release the active ingredient 
(sodium butyrate). SBP (protected with salts of palm fatty acids) might 
be more available to chicks as they are hidrolized by acids in the gastro-
intestinal tract. 

Key Words: butyrate, protected, release

P248 The Effects of Functional Oils in Finisher Turkey Diets. Ramon 
Malheiros*1, Peter Ferket1, Joan Torrent2 1North Carolina State University, 
Prestage Dept. Poultry Science, Raleigh, NC; 2Oligo Basics USA, 
Wilmington, DE
A blend of functional oils from cashew and castor beans, has been previ-
ously shown to improve carcass and meat characteristics in turkeys when 
fed during the whole life of the animal. The objective of this study was to 
investigate the effects of Essential® when fed only the last 6 or 4 wk be-
fore slaughter. Ninety-six 16 wk-old turkeys were randomly assigned to 3 
dietary treatments (4 pens/treatment): non-medicated control, 0.15% Es-
sential® supplemented from 18 to 22 wks, and 0.15% Essential® supple-
mented from 16 to 22 wk. Feed and water were provided for ad libitum 
consumption. Body weights, feed intake and FCR adjusted for mortality 
were determined at 2 wk intervals. Four birds per pen were used to deter-
mine carcass and meat characteristics. Although birds supplemented with 
Essential® showed numerically better gains and conversions, neither the 
mortality rate nor any of the performance parameters was significantly 
affected by the treatments. Breast and leg % averaged, respectively, 26.8 
and 19.0% across treatments, and were not affected by the supplementa-
tion. Breast meat lightness (L*), redness (a*) and yellowness (b*) did 
not differ among treatments at 0, 4 and 7 d post-mortem. As expected, 
breast drip loss % measured at 4 and 7 d post-mortem increased with time 
(P < 0.01). Also, the supplementation of Essential® for the 6 wk period 
decreased breast drip loss by 17% at 7 d and by 29% at 4 d post-mor-
tem when compared to the controls (P = 0.032) . In conclusion, dietary 
supplementation of Essential® during the finishing period of turkey toms 
apparently improved some of the quality characteristics of breast meat.

Key Words: chashew and caste bean functional oils, breast meat quality, 
growth performance, turkeys, drip loss

P249 The effect of four different feeding programs during rearing 
period on protein turnover in parent stock pullets Karen Vignale*1, 
Justina Caldas1, Judith England1, Nirun Boonsinchai1, Phophob Sodsee1, 
Erik Pollock2, Craig Coon1 1University of Arkansas, Fayetteville, AR; 
2University of Arkansas Stable Isotope Laboratory, Fayetteville, AR
The net result of protein synthesis and breakdown is the accretion of the 
body protein. The dynamic nature of protein metabolism has been known 
for 60 years thanks to the pioneering work of Schoeheimer et al. (1939). 
The dynamic process by which body proteins are continually synthesized 
and broken down is protein turnover. Rates of synthesis and breakdown 
are influenced not only by age, but by plane of nutrition, stress, disease, 
hormones, exercise and inactivity. The objective of the present study was 
to evaluate the effect of four different feeding programs on muscular pro-
tein turnover in parent stock (PS) pullets. The four feeding programs uti-
lized for the study were as follows: Normal feeding, skip a day feeding, 
under feeding (20 % under) and over feeding (20% over). Each feeding 
program represented one treatment, contained 150 day old pullets and 
were from 4 wk to 20 wk of age. Protein turnover was determined in PS 
pullets at 6, 10, 12 and 16 weeks of age. A CRD was used with a 4x4 
factorial arrangement (4 feeding programs, 4 ages), containing sixteen 
treatments with five replications, and each pullet represented a replicate. 

Analysis of variance was performed using JMP software. Five pullets 
at each age were given an intravenous flooding-dose of 15N-Phe (150 
mM, 40% APE) with 10 ml/kg. After 10 min, birds were slaughtered 
and the breast muscle excised and frozen in liquid nitrogen. Excreta was 
also collected and frozen. The acid-soluble fraction (2% perchloric acid) 
containing free amino acids from muscle was separated from the protein 
precipitate.The ratio of 15N:14N of each fraction was determined via 
GCMS. Quantification of 3-methylhistidine in both muscle and excreta 
was also determined via GCMS. All birds were scanned for body compo-
sition before sampling. There was only an age effect regarding fractional 
synthesis rate (FSR). FSR significantly increased from 6 week pullets 
to 10 and 12 week pullets (3.62 %, 10.65 % and 10.93 %, respectively; 
P. value = 0.01) and then decreased at 16 weeks of age ( 6.81 %) .There 
was no significant difference in FSR between treatments. There was a 
treatment*age interaction effect regarding fractional breakdown rate 
(FBR). FBR was significantly higher for the pullets underfed in compari-
son to the other treatments at 10 and 12 weeks of age (P. value = 0.046). 
FBR significantly increased from week 6 to week 10 for underfed pullets 
(6.20 % and 11. 81 %, respectively, P. value = 0.046) and then signifi-
cantly decreased at 16 week of age (4.28 %, P. value = 0.046%). FSR in 
all birds decreased from 12 to 16 wk of age but the decrease in FBR was 
larger for the same period thus allowing both protein and fat deposition 
as they prepared for sexual maturity.

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

P250 Effect of a proprietary premix on productive performance and 
egg quality of brown laying hens fed high distillers dried grains with 
solubles (DDGS) diets during the second phase of production Anthony 
Pescatore*1, Megan van Benschoten1, Lindsay Good1, Austin Cantor1, 
Tuoying Ao2, Ryan Samuel2, Mike Ford1, W.D. King2, Kristen Brennan2, 
James Pierce2 1Alltech-University of Kentucky Nutrition Research Alliance, 
Lexington, KY; 2Alltech-University of Kentucky Nutrition Research 
Alliance, Nicholasville, KY
A study was conducted to evaluate the effects of feeding up to 35% 
DDGS with a proprietary premix (enzyme and antioxidant, Alltech, Inc.) 
on the productive performance and egg quality of brown laying hens 
from 41 to 76 wks of age. Hy-Line Brown hens (288) were randomly al-
located to five treatment groups (12 birds per pen). Treatments consisted 
of feeding the following diets: 1) a corn-soybean positive control, 2) 25% 
DDGS with reduction of 0.1% Ca & P, 3) Diet 2 plus premix, 4) 35% 
DDGS with reduction of 0.1% Ca & P, and 5) Diet 4 plus premix. Diets 
used from 16 to 40 wks of age were formulated to meet or exceed NRC 
recommendations except for available P and total Ca in the DDGS diets. 
In the second phase of production, crude protein was reduced from 18 to 
16%. Egg quality was analyzed by randomly selecting 6 eggs from each 
replicate group every 4 wk. No significant differences in mortality, egg 
weight, egg shell percent, or egg shell breaking strength were noted dur-
ing the second phase of production. Yolk weight was decreased at 48 wks 
of age by the DDGS diets (P=0.006). Yolk color values were significantly 
improved by the DDGS treatments. Hens fed DDGS diets had darker 
yolks compared with the control from 44 to 56 wks of age (P<0.05), 
but did not differ after 60 wks of age. Yolk redness and yellowness val-
ues were improved (P<0.026) throughout the study by DDGS. The 25% 
DDGS treatments had a further increase in yolk red and yellow pigmen-
tation compared with the 35% DDGS and control treatments. Overall, 
no differences in body weight and feed intake were observed. From 73-
76 wks of age feed intake was increased with the inclusion of DDGS 
(P<0.001). Additionally, reduced body weight was observed at 76 wks of 
age with the inclusion of DDGS (P=0.013) and was partially alleviated 
with the premix. Hen-day egg production from 41 through 75 wks of age 
tended to be lower (P=0.064) with addition of the premix compared with 
the control. In conclusion, feeding up to 35% DDGS did not negatively 
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impact egg quality but resulted in reduced body weight and feed intake 
towards the end of production.

Key Words: DDGS, Brown Layers, Egg Quality, Enzyme, Antioxidant

P251 Relative bioefficacy of methionine hydroxy-analog compared 
with DL-methionine for broiler chickens Jose Humberto Vilar Da 
Silva*SC1, Gabriela Mafra Dantas Lopes2, Walter E Pereira3, Patricia 
Emilia N. Givisiez3, Jose Jordão Filho4 1Federal University of Paraíba, 
Athens, GA; 2Federal University of Paraiba State, Bananeiras, Brazil; 
3Universidade Federal da Paraíba, Areia, Brazil; 4Federal da Paraiba, 
Bananeiras, Brazil
Two trials were carried out to estimate the relative bioefficacy (RB) of 
liquid DL-methionine hydroxy analog-free acid 88% (MHA-FA) com-
pared with DL-methionine (DLM) for broilers in the initial (8 to 21 days 
of age, d) and growing (22 to 33d) phases. In each trial, 630 male Cobb 
chicks were distributed according to a completely randomized design 
into seven treatments, with five repetitions and 18 birds per repetition. 
Isonitrogenous and isoenergetic diets were formulated according to Ros-
tagno et al. (2011) and cystine was corrected using L-cystine. In the ini-
tial phase, total methionine levels were 0.302% in the reference diet and 
0.362, 0.422 and 0.482% for diets formulated with DL-methionine (99%) 
and MHA-FA (88%). In the growing phase, total methionine was 0.274% 
for the reference diet and 0.334, 0.394 and 0.454% for the experimental 
diets. Daily weight gain (g/day), feed conversion (kg/kg) and breast yield 
(%) were assessed in both phases, body weight (kg) was evaluated in the 
initial and carcass yield (%) was evaluated in the growing phase. RB was 
calculated by the relationship between the multiple regression coefficients 
for MHA-FA and the regression coefficient for DLM (P<0.05). Consid-
ering body weight, daily weight gain, feed conversion and breast yield 
from 8 to 21 d, RB of MHA-FA relative to DLM was 90.41 (R²=0.71); 
94.42 (R²=0.65); 79.02 (R²=0.82) and 89.39% (R²=0.79), respectively. 
In the growing phase, estimates were 90.41 (R²=0.65); 85.44 (R²=0.81); 
77.47 (R²=0.86); and 91.76 % (R²=0.79), respectively, for daily weight 
gain, feed conversion, breast yield and carcass yield. The relative bio-
availability of MHA-FA for feed conversion was 79.02% from 8 to 21 d 
and 85.44% from 22 to 33 days of age.

Key Words: amino acid, biological availability, carcass, performance

P254 Evaluation of Tylosin phosphate and Enramycin as growth 
promoters in broiler chickens Viviana San Martin*1, Eliana Icochea1, 
Pablo Reyna1, Daniel Molina2, Cecilia Franco2, Rosa Gonzalez1, Giovana 
Cribillero1 1Universidad Nacional Mayor de San Marcos, San Marcos, 
Mexico; 2Ilender Corporation S.A.
The purpose of this study was to evaluate the effect of using the antibi-
otics, enramycin and tylosin phosphate, as growth promoters, adminis-
tered in broilers feed. 400 male Cobb Vantress 500 broilers chicks were 
raised to 42 days of age. The birds were divided into four experimen-
tal groups with five repetitions of 20 chickens each. Group 1: Control 
without growth promoter, Group 2: enramycin 8% at 10 ppm, Group 3: 
enramycin 8% at 5 ppm, and Group 4: Tylosin phosphate 25 % at 55 
ppm. Body weight, food consumption, weight gain, feed conversion (FC) 
and European Productive Efficiency Index (EPEI) were evaluated. The 
results were analyzed using ANOVA and analysis of variance with con-
trast test was used for establishing differences between treatments. At 
42 days of age, the group 4 obtained the higher body weight (2.863kg), 
while the control group the lowest (2.700 Kg). The analysis of variance 
with contrasts showed statistically significant difference between body 
weight of group 1 and the rest of groups (p <0.05). Broilers of G2 had 
the lowest feed consumption (4.479kg) followed by G3 (4.559kg) and 
G4 (4.580kg), without significant differences between treatments. The 
G6 had higher daily weight gains (68.17g) compared with the remaining 
groups. The analysis of variance with contrasts showed significant differ-
ences in daily weight gains between G1(64.28) and groups G2 (67.35) 

and G4 (66.71) (p <0.05). The G2 obtained better FC (1,583) followed by 
G4 (1,601). The G1 (control) had the worst conversion rate (1,701) show-
ing significant difference with other groups (p <0 .05). The best EPEI 
was obtained by G4 (425.74), obtaining 62.98 points more than control 
group (362.76). The control group showed significant difference with all 
treatments (p <0 .05). In conclusion, broilers supplemented with tylosin 
phosphate show better productivity than broilers supplemented with en-
ramycin and show 14.79% of better productivity than the control group.

Key Words: growth promoters, Tylosin phosphate, enramycin, broiler 
chicken, grow parameters

P255 Energy utilization in broiler chickens fed sorghum- or corn-
based diets Sergio Gomez-Rosales*, Maria de Lourdes Angeles INIFAP, 
QUERETARO, Mexico
The objective of this study was to evaluate the nutrient balance, the 
AMEn, the energy retained in fat and protein and the energy required 
for maintenance of broiler chickens fed diets formulated with sorghum 
(S) or corn (C) as the main source of energy. Data from 110 broilers in-
dividually fed during 14 days and subjected to different levels of feed 
intake in three experiments was used in the analysis. Total excreta were 
collected during three consecutive days to calculate the nitrogen reten-
tion and the AMEn. At the end of each study all broilers were slaughtered 
and the whole body was processed to determine the energy content in the 
fat and protein. The energy retained during the experimental period was 
estimated after adjusting for the initial energy composition in groups of 
broilers slaughtered at the beginning of the trials. Results were subjected 
ANOVA and multiple linear regressions to fractionate the EMAn intake 
as energy for maintenance and energy retained in fat and protein. The 
nitrogen retention, AMEn, the fat and protein content in the body, the 
energy retained in fat and protein and the heat production were similar (P 
> 0.05) between broilers fed the S and C diets. However, the AMEn and 
NE for maintenance were estimated to be 132 and 93 Kcal/d and 85 and 
62 kcal/d in broilers fed S and C diets. The EMAn and the NE required 
for maintenance was 142 and 137% higher in broilers fed sorghum- com-
pared to broilers fed corn-based diets.

Key Words: Sorghum grain, Corn grain, Energy, Protein

P256 Strategies to minimize heat stress in broilers chickens Manoel 
Garcia-Neto*, Patrícia Martiniano de Oliveira, Marcel Alessandro de 
Almeida, Elis Domingos Ferrari, Max José Araujo Faria-Junior, Marcos 
Franke Pinto UNESP - Univ Estadual Paulista, Aracatuba, Brazil
The objective of this study was to evaluate the application of early age 
thermal conditioning (TC) and dietary electrolyte balances (DEB) to 
minimize the effect of heat stress. A total of 240 Cobb 500 1-d-old male 
broiler chicks was randomly allocated to 24 floor pens with six replicates 
per treatment in a 2x2 factorial arrangement (with and without TC and 
with and without DEB). Dietary treatments consisted: (T1) a traditional 
diet without TC; (T2) traditional diet with TC; (T3) with the applica-
tion of dietary electrolyte and without TC and (T4) application of di-
etary electrolyte with TC. The thermal conditioning was conducted at 
5 d of age (36°C for 24 h), only half of the batch (120 birds). After this 
period, all birds were transferred to boxes of 1.5 x 3m (10 birds / box), 
with wood shavings reused as litter. Chicks were exposed to chronic heat 
stress (32°C) for 6 h from 35 to 39 d of age, in all treatments, being elec-
tronically monitored the temperature and humidity of the microclimate of 
the birds. Feed and water were provided ad libitum, even during periods 
of stress. Were measured performance data (weight gain, feed intake and 
feed conversion) and mortality rate. Data were subjected to ANOVA us-
ing the GLM procedures of SAS. The results of this study demonstrated 
no interaction effects of all evaluated parameters (performance and mor-
tality). Therefore, no synergism occurred when both strategies (TC and 
DEB) were applied. Only the first week there was prejudice on broiler 
performance with the application of the TC and apparently the technique 
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of early age thermal conditioning no improve the resistance of broilers to 
chronic heat stress. On the other hand, DEB had significantly favorable 
effects (P<0.05) on performance and minimized mortality immediately 
after application of the TC.

Key Words: chronic heat stress, cation-anion balance, dietary cation-an-
ion, electrolyte diet, thermal conditioning

P257 Effect of organic minerals on broiler morphometric enteric 
Bruna Boaro Martins*SC, Márcia Regina Fernandes Boaro Martins, Édina 
de Fátima Aguiar, Ariel Antonio Mendes, Ibiara Correia de Lima Almeida 
Paz, Cristiane Sanfelice São Paulo State University, UNESP, Botucatu, SP, 
Brazil
Organic trace minerals have been used in broiler feeds for some time, 
showing promise in improving live performance, bird health, processing 
yield and meat quality characteristics. The most commonly used organi-
cally-complexed minerals include zinc, manganese, selenium, copper and 
iron. Zinc sources have been the most studied of these compounds and a 
number of researchers have reported improvements in broiler growth rate 
and/or feed conversion with organic zinc sources. The purpose of this 
study was to evaluate the effects of microminerals on the morphometria 
enteric. 720 day-old male Cobb® chicks were housed for 42 days and 
used in a completely randomized trial, with 4 treatments and 6 repetitions 
of 30 birds each. Treatments were as follows: T1- negative control: 0mg/
kg selenium and zinc; T2- 0mg/kg selenium+ 45mg/kg zinc; T3- 0mg/kg 
selenium + 90mg/kg zinc; T4- positive control: inorganic zinc and sele-
nium from a commercial premix. At 42 days, 100 birds were transported 
to the experimental slaughterhouse, weighed, stunned and euthanized. 
Segments of the small intestines (duodenum, jejunum and ileum) were 
collected from 5 birds per treatment, fixed in formalin 10% and processed 
according the routine histological. For morphometric analysis of the in-
testinal, the segments of mucosa were analyzed under light microscopy 
and measured. Results were submitted to analysis of variance and means 
were compared by the test of Tukey at 5% significance level, using the 
GLM procedure of SAS statistical package (SAS Institute, 2004). Treat-
ments did not influence the mucosa morphometry of the small intestine.

Key Words: organic zinc, mucosa, small intestines

P258 A Programmed Nutrition premix maintained the productive 
performance and egg quality of white laying hens fed reduced nutrient 
diets over 60 weeks Ryan Samuel*1, Megan van Benschoten2, Mike Ford2, 
Austin Cantor2, Anthony Pescatore2, Tuoying Ao1 1Alltech-University 
of Kentucky Nutrition Research Alliance, Nicholasville, KY; 2Alltech-
University of Kentucky Nutrition Research Alliance, Lexington, KY
Inclusion of a series of Programmed Nutrition (PN) premixes in reduced 
nutrient diets has demonstrated improvements in broilers. Therefore, the 
objective of this experiment was to investigate the impact of supplement-
ing reduced nutrient diets with a PN premix (containing antioxidant, 
enzyme, and organic trace mineral technologies) on the productive per-
formance and egg quality of white laying hens. Hens were fed either a 
corn and soy bean meal based diet formulated according to the recom-
mendations of NRC (1994) with inorganic trace minerals (Normal) or a 
diet reduced by 75 kcal ME/kg and 0.2% of the total Ca and available P 
compared to recommendations and with organic trace minerals at 25% of 
recommendations (Reduced). The experiment was initiated at 16 weeks 
of age when Hy-line W-36 pullets (n=120) were transferred in groups of 
five into 24 layer cages. The crude protein level of the diets was reduced 
from 18% to 16% after 40 weeks of age. Treatments were assigned to 
pens in a completely randomized design with 6 replications of Normal 
and 18 replications of Reduced. Eggs were counted daily and pen BW, 
feed intake, and egg quality were measured monthly. Hen-day produc-
tion (%; HDP) and feed per dozen eggs (g/dozen) were calculated for 
each monthly period. A random sample of 6 eggs per replicate treatment 
were collected monthly for egg quality analysis. The average BW of Nor-

mal birds tended (P=0.05) to be 5% greater and HDP of Reduced birds 
was 4% greater (P=0.02) at the end of the same single period post-peak. 
There were no other differences between the BW of Normal and Reduced 
birds. However, the HDP of Reduced birds tended (P<0.10) to be lower 
in the final 20 weeks of production. There were no differences in feed 
intake between Normal and Reduced birds. As a result, Reduced birds 
consumed 5% less total Ca, less than 50% available P, 25% of the trace 
minerals, and 2.5% less energy compared to the Normal birds. No differ-
ences in egg quality (egg weight, Haugh units, percent shell, egg breaking 
strength, yolk weight, or yolk color) or feed per dozen eggs were ob-
served between Normal and Reduced. In conclusion, the addition of a PN 
premix (containing antioxidant, enzyme, and trace mineral technologies) 
in reduced nutrient diets maintained the production of white laying hens 
over a 60 week production period.

Key Words: white layers, Programmed Nutrition, egg quality

P259 Phytogenic feed additive inclusion in diets differing in 
energy and protein levels affects biochemical parameters and total 
antioxidant capacity of plasma and meat in broilers Vasilis Paraskeuas*1, 
Konstantinos Fegeros1, Tobias Steiner2, Konstantinos Mountzouris1 
1Agricultural University of Athens, Athens, Greece; 2BIOMIN Holding 
GmbH, Herzogenburg, Austria
Previous findings have shown that a reduction in dietary energy and 
protein levels adversely affected broiler feed efficiency, whereas supple-
mentation with a phytogenic feed additive (PFA) tended (P= 0.089) to 
compensate these effects. The aim of this work was to further assess the 
effects of PFA addition in conjunction with dietary energy and protein 
levels on plasma cholesterol, triglycerides, glucose and protein concen-
tration, meat protein (MP) as well as plasma and meat total antioxidant 
capacity using the ORAC method. 

Depending on dietary energy (ME) and protein (CP) level down regula-
tion compared to diet A used, as positive control, and inclusion of PFA 
(125 mg/kg diet) or not, the experiment had the following six treatments 
with 5 replicates each. A: diets formulated to meet broiler nutrient re-
quirements for maximizing meat yield according to Cobb recommenda-
tions for starter, grower and finisher growth periods; AE: A+PFA; B: sub-
optimal in ME and CP levels by 3%; BE: B+PFA; C: suboptimal in ME 
and CP levels by 6%; CE: C+PFA. For the purpose of this work, plasma 
and meat (breast and thigh) samples taken at 42 d of age (n=10 per treat-
ment) were analyzed. Data were analyzed using the GLM–general facto-
rial ANOVA procedure using diet and PFA as the main effects. Statistical 
significant effects were further analyzed and means were compared using 
Duncan’s multiple range test. 

Overall, PFA inclusion reduced (-11%, P=0.002) cholesterol and in-
creased (+19%, P<0.001) antioxidant capacity of blood plasma. More-
over, PFA increased antioxidant capacity of breast (+16%, P=0.001) and 
thigh (+15%, P<0.010). Plasma cholesterol was significantly (P=0.001) 
higher in diet A compared to diets B (+9%) and C (+16%). In addition, 
breast MP was significantly (P=0.002) higher at diet A (+5%) and diet B 
(+3%) compared to diet C. In conclusion, PFA inclusion induced a hypo-
cholesterolemic effect and improved plasma and meat total antioxidant 
capacity. 

Key Words: Broilers, Energy, Protein, Phytogenic feed additive, antioxi-
dant capacity

P260 Effects of Diamond V Original XPC on growth of Clostridium 
perfringens and C. septicum in a complex fecal microbial population 
Victor Nsereko*, Adam Brainard, Tom Weigand, Abigail Souder, Jonathan 
Broomhead, Eric Gingerich, Donald McIntyre Diamond V Mills, Cedar 
Rapids, IA
Clostridium perfringens (CP) and C. septicum (CS) are of considerable 
importance to the poultry industry since they contribute to the onset of 
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necrotic enteritis and gangrenous dermatitis, respectively. In 2 separate 
experiments, we examined the effects of Original XPC (XPC), a Saccha-
romyces cerevisiae fermentation product, on fermentation and growth of 
CP or CS, using an in vitro poultry intestinal model. Fresh broiler excreta 
was the source of intestinal microbiota for the study. Under anaerobic 
conditions, a buffered (pH 6.8) excreta slurry was filtered and dispensed 
into vessels containing predigested (pepsin, pH 2.0; pancreatin, pH 7.0) 
feed and treatment (Control or XPC) (n = 10/treatment). The vessels con-
tents were challenged with a final concentration of 4.43 or 4.88 log CFU/
ml CP or CS, respectively, and incubated anaerobically for 24 h at 39oC. 
CP was enumerated using a selective medium (TSC) consisting of an 
agar base (CM05878B- Preston), and the selective supplement (Oxoid 
# SR0088E). CS was quantified by real time PCR. DNA was quantified 
using a NanoDrop and amplified using SsoFast Evagreen Supermix (Bio-
Rad) for all bacteria using Universal Bacteria primers (IDT). DNA was 
also amplified using iTaq Universal SYBR Green Supermix (BioRad) 
for CS using species specific primers (IDT). In both experiments, XPC 
increased acetate, propionate and total VFA concentrations (P < 0.05) by 
more than 10% and reduced pH (P < 0.05). Butyrate concentrations were 
increased (P < 0.05) by 44% in the CP experiment but unchanged (P > 
0.05) in the CS experiment. XPC reduced CP concentrations (P < 0.05) 
by 0.65 log. Furthermore, XPC reduced the proportion of total bacterial 
DNA accounted for by CS to less than a tenth of that measured in the 
Control treatment (0.02 vs. 0.22%; P < 0.05). These results suggest that 
XPC possess qualities that can shift intestinal microbiota to preferentially 
suppress CP and CS growth. 

Key Words: Original XPC, Volatile fatty acid, Clostridium perfringens, 
Clostridium septicum, Intestinal model

P262 Efficacy of Sal CURB® ASF liquid antimicrobial against 
Salmonella in expanded poultry diets April Levy*, Mark Bienhoff, 
Stephen Klein, Arlene Lamptey Kemin Industries, Des Moines, IA
The first objective of this study was to confirm the suitability of a Sal-
monella challenge model for use in expanded poultry diets. The second 
objective was to determine whether feed treated with Sal CURB survived 
processing using a feed expander. The model assessed the ability of feed 
treated with Sal CURB at an application rate of 6.5 lb/ton to withstand 
a challenge of S. enteritidis. Efficacy was determined via FDA BAM 
procedure. One diet was used for the first objective, and this diet was 
provided in mash and pelleted form. The study was conducted using 
one treated sample with Sal CURB, one positive control (PC) sample 
(not treated, but inoculated), and one negative control (NC) sample (no 
treatment or inoculation) from each feed form (mash and pellet). Twen-
ty-four hrs after Sal CURB treatment, the sample was inoculated with 
a S. enteritidis culture. After inoculation, samples were held for 48 hrs 
and tested for Salmonella. Testing was performed in triplicate for each 
sample. For mash and pelleted feed, all NC samples and samples chal-
lenged with Salmonella after treating with Sal CURB tested negative for 
Salmonella. The results from this first objective confirmed the suitability 
of the challenge model to demonstrate efficacy of Sal CURB in mash and 
expanded poultry diets. For the second objective, two diets were obtained 
in which Sal CURB was applied in the mixer, and samples were pulled 
from the mixer and post-expander. One sample of mash and pelleted feed 
was separated to serve as controls (treated, not inoculated). Mash and 
pelleted feed treated with Sal CURB tested negative for Salmonella. All 
NC samples and samples challenged with Salmonella tested negative for 
Salmonella. Diet one samples lost 1.49 lb/ton after pelleting using an ex-
pander, while diet two samples lost 0.84 lb/ton. Many factors including 
protein content and manufacturing processes contribute to the loss of Sal 
CURB. The amount of product in the pelleted feed was sufficient to pro-
vide adequate protection to maintain the feed Salmonella negative. The 
results of this study illustrated that feed applied with Sal CURB at 6.5 lb/
ton in the mixer and further processed using a feed expander was shown 

to be efficacious against Salmonella. The amount of Sal CURB lost dur-
ing the expanding process was dependent on the composition of the diet.

Key Words: Sal CURB, poultry, expander, Salmonella

P263 Effects of essential oil, probiotic and ionophore on broiler 
performance Albaraa Sarsour*, Edgar O. Oviedo-Rondón, Kayla 
Claasseen, Manuel J. Da Costa Prestage Department of Poultry Science, 
North Carolina State University, Raleigh, NC
Feed additives (FA) may impact broiler performance. Essential oils (EO), 
probiotics (P) and ionophores (I) are used in combinations frequently 
in broiler diets. One experiment was conducted to evaluate the possible 
interactive effects of EO, P and Ion broiler performance. Corn-soybean 
meal diets with DDGS were formulated for starter (0-14d), grower (14-
35d) and finisher (35-42d) phases. The specific EO blend containing ben-
zoic acid (Crina Poultry Plus) was added at 300 ppm. The P containing 
Lactobacillus acidophilus and Lactobacillus casei (Primalac) was added 
at 500 g/ton. The I, monensin, (Coban-90) was added at 90 g/ton. A to-
tal of 720 Ross 708 d-old male chicks were identified and placed in 72 
floor pens with used litter. BW, feed intake (FI) and FCR corrected by 
mortality were calculated for each phase and the overall grow out. Data 
from 9 treatments were analyzed as a RCBD with a 2x2x2 factorial ar-
rangement of treatments with EO, P and I as main factors, plus a posi-
tive control with growth promotant antibiotic (BMD) and I (GPA+I). The 
GPA+I treatment was used for orthogonal contrasts. All treatments had 
8 replicate pens of 10 chicks each. No interaction effects (P>0.05) were 
observed on BW gain. Only I improved (P<0.05) BWG in the starter 
phase and BW in all phases. A three-way interaction effect (P<0.05) was 
detected on FI and FCR in the starter phase and only on FCR in the fin-
isher phase. Even though it was observed that I reduced FI on chickens 
fed diets without EO and P when comparing with diets without FA,it also 
resulted in better FCR. Furthermore, combination of P and I also resulted 
in low FCR with all other treatments being intermediate. Broilers fed P 
diets ate more than those fed diets without FA or with GPA+I during the 
grower phase and worsen FCR in the finisher phase. Overall, only I im-
proved consistently FCR during the whole grow-out, but it was not differ-
ent than GPA+I. It was concluded that ionophore had the most important 
impact on improvement of broiler performance.

Key Words: essential oil, probiotic, ionophore, broiler, performance

P264 Foot Ash Can Replace Tibia Ash as a Quantification Method 
for Bone Mineralization in Broilers at 21 and 42 Days of Age Fed 
Diets Supplemented with a New Dietary Phytase Mia Malloy*1, Martha 
Freeman1, Ashley Stephens1, Matthew Jones1, Jill Faser2, Nick Dale1, Adam 
Davis1 1University of Georgia, Athens, GA; 2Origination, Inc, Maplewood, 
MN
Prior research indicated that ashing a dried foot obtained by severing it at 
the junction of the tibiotarsus with the tarsometatarsus could reflect the 
degree of bone mineralization in chicks through 14 days of age as well as 
tibia ash determinations. In the current research, the effectiveness of this 
foot ash procedure relative to the tibia bone ash procedure was evaluated 
in 21 and 42 day old broilers while also evaluating a new dietary phytase. 
In experiment 1, the dietary treatments consisted of a negative control diet 
with 0.24 percent available phosphorus (AP), a positive control diet with 
0.48 percent AP and the negative control diet supplemented with 300, 
500, 1,000 or 2,500 FTU/kg diet Smizyme phytase. In experiment 2, the 
dietary treatments included a negative control having 0.275, 0.250 and 
0.225 percent AP in the starter, grower and finisher periods, respectively, 
a positive control having control having 0.475, 0.450 and 0.425 percent 
AP in the starter, grower and finisher periods, respectively or the negative 
control supplemented with 500, 1,000 or 2,500 FTU/kg diet Smizyme 
phytase. At 21 days of age, the broilers fed diets supplemented with the 
2 highest doses of Smizyme phytase had foot and tibia ash values equal 
to the positive control while body weight gain and feed efficiency in the 
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broilers fed the highest dose of Smizyme were better than the positive 
control birds. At 42 days of age, tibia and foot ash percent for the Smi-
zyme supplemented birds were equal to the positive control birds. Body 
weight gain and feed efficiency values for the broilers fed the two highest 
doses of Smizyme were superior to that of the positive control birds. The 
results indicate that Smizyme phytase effectively liberates phosphorus 
from phytate and adding levels of this phytase beyond what is necessary 
for normal bone mineralization promotes broiler growth. The results also 
indicate foot and tibia bone ash determinations are both reliable in detect-
ing differences in bone mineralization in 21 and 42 day old chicks.

Key Words: phosphorus

P265 Grain preferences of alternative breeds used for meat production 
determined through a self-selection feeding program Tatijana Fisher*SC, 
Anthony Pescatore, Jacqueline Jacob, Marquisha Paul, Megan van 
Benschoten, Lindsay Good, Austin Cantor, Michael Ford University of 
Kentucky, Lexington, KY
This study was conducted to determine the grain preferences of alterna-
tive chicken breeds/strains used for meat production. Seventy-five day-
old chicks from each of six breeds/strains (Cornish Cross males (CCM), 
Cornish Cross females (CCF), Red Ranger males (RR), and males from 
three heritage breeds: Rhode Island Red (RIR), Barred Plymouth Rock 
(BPR), and Black Australorp (BA)) were divided into three replicate 
groups and randomly assigned to floor pens at 929 cm2/bird. The chicks 
received a complete diet for two weeks, and were then transitioned to a 
self-selection feeding program with four feed choices fed ad libitum: a 
39% CP protein concentrate, cracked corn, rolled naked oats, and pearl 
millet. The feeds were randomly allocated to four identical feeders within 
each pen and the feeders were rotated 2-3 times per week. Grain prefer-
ences were calculated for each breed/strain over two body weight peri-
ods: 1) 500 to 1500g and 2) 1500 to 2300g. Differences were considered 
significant at p<0.05. Averaged over the two BW periods, BPR consumed 
significantly more cracked corn than either pearl millet or naked oats. 
BA followed the same pattern, except they consumed significantly less 
naked oats during the first BW period. RR and RIR showed a significant 
preference for cracked corn and pearl millet over naked oats during the 
first BW period. During the second BW period, RR and RIR showed a 
significant preference for pearl millet over cracked corn, with extremely 
low consumption of naked oats. CCM showed a significant preference 
for cracked corn over naked oats during the first BW period, but pearl 
millet was not significantly different from the other grains. However, in 
the second BW period, CCM showed a significant preference for cracked 
corn over both pearl millet and naked oats. CCF preferred cracked corn 
over the other grains during both BW periods, with a significant differ-
ence between pearl millet and naked oats during the second BW period. 
Overall, cracked corn was the grain of choice for four of the six breeds/
strains during both BW periods, pearl millet was preferred by RR and 
RIR during the second BW period, and naked oats were the least pre-
ferred for all breeds/strains. These grain preferences, which differed be-
tween growth periods and among breeds/strains, should be considered 
when formulating diets for alternative breeds/strains.

Period 1 Period 2
% 
Cracked 
Corn

% Pearl 
Millet

% Naked 
Oats

% Cracked 
Corn

% Pearl 
Millet

% 
Naked 
Oats

CCM 45 A 32 AB 23 B CCM 55 A 21 B 24 B

CCF 55 A 32 B 13 B CCF 51 A 35 B 15 C

RR 41 A 53 A 6 B RR 41 B 50 A 9 C

RIR 49 A 46 A 5 B RIR 38 B 57 A 5 C

BA 56 A 31 B 12 C BA 58 A 25 B 17 B

BPR 57 A 25 B 18 B BPR 52 A 30 B 18 B
A, B, C - Differences considered significant at p<0.05

Key Words: alternative breeds, broilers, self-selection feeding, grain pref-
erences, heritage breeds

P267 Effect of Lactobacilli probiotics on broiler chicken and turkey 
male performance and processed meat yield when reared under 
practical growout conditions. James McNaughton*1, Michael Roberts1, 
Doug Ware2, Steve Lerner2 1AHPharma, Inc., Salisbury, MD; 2Nutritional 
Physiology Company, LLC, Overland Park, KS
PoultriMax™ (a Lactobacilli source) was administered via feed continu-
ously from 0-42 days (mixed-sex broilers at a rate of 104, 105 and 106 
colony forming units (cfu) per bird per day) and 0-84 days (turkey males 
at 105, 106 and 107 cfu per bird per day). Test material treatments were 
compared to a control treatment with no added test material. 

Corn-Soy-Meat type diets were mixed biweekly and fed to Ross 708 broil-
ers (n=360/treatment group, 12 blocks of 30 per block placed at 50%M 
and 50%F) and Nicholas White (n=216/treatment group, 12 blocks of 18 
turkey males) in Starter (0-21d), Grower (22-35d), and Finisher (36-42d) 
feeds for broilers and Starter (0-21d), Grower (22-42d), and Finisher (43-
84d) feeds for turkey males. Broilers and turkeys were reared from hatch 
to either 42 days or 84 days, respectively, on built-up/max-10-day-layout 
litter (from a minimum of 3-previous flocks). This was considered to be 
a moderate to severe field-stress condition. Broilers and turkeys (20 and 
all remaining birds per treatment, respectively) were processed at either 
42 days or 84 days, respectively, to obtain breast meat yield (major and 
minor pectoral muscle) and dry yield %. 

PoultriMax™ was found, at appropriate probiotic levels, to affect live 
performance and economically-important meat yield characteristics, es-
pecially when birds were placed on built-up litter. Improvements in live 
performance of broilers and turkeys were found when at least 106 cfu of 
Lactobacilli per bird per day were fed in all rations. The incidence of E. 
coli and Salmonella spp. appeared to be reduced with increasing concen-
tration of Lactobacilli. E. coli counts (cfu per ml of carcass rinse solution) 
and Salmonella incidence (% of turkeys per pen) of processed carcasses 
were significantly improved over the control treatment for both species 
when a minimum of 106 cfu of Lactobacilli per bird per day were fed. 

Key Words: PoultriMax™, Lactobacilli, probiotics, chicken, turkey

P268 Programmed Nutrition strategy improved early growth 
performance and carcass characteristics of broiler chicks Tuoying Ao*1, 
Lizza Macalintal1, Marquisha Paul1, Anthony Pescatore2, Austin Cantor2, 
Mike Ford2, Ryan Samuel1, Karl Dawson1 1Alltech-University of Kentucky 
Nutrition Research Alliance, Nicholasville, KY; 2Alltech-University of 
Kentucky Nutrition Research Alliance, lexington, KY
Studies showed that nutrients provided in early life interact directly with 
genes and their regulatory elements to alter subsequent nutrient absorp-
tion and gene expression. The Programmed Nutrition (PN) strategy tar-
gets gene expression, nutrient absorption and productivity performance 
benchmarks by integrating nutritional and genomic interactions. In this 
approach, a post-hatch supplement designed to condition future nutrient 
absorption is combined with changes in dietary nutrient density with the 
goal of maximizing production and minimizing the cost of the producer. 
A study was designed to investigate the effects of PN feeding strategy 
on growth performance, bone quality, carcass characteristics and mineral 
status in meat and bone. The treatments consisted of using: 1) corn-soy 
control diets with a traditional feeding strategy; 2) PN diets with PN feed-
ing strategy that included feeding chicks a PN Post Hatch Broiler Chick 
Starter (Alltech Inc.) diet for 72hr (conditioning period), then the PN di-
ets with decreased levels of ME, minerals and vitamin E. Day-old chicks 
(704) were randomly assigned to 16 replicate groups of 22 chicks per 
treatment and were raised in floor pens for 42d. Four birds per pen (64 
birds/treatment) were processed at the end of trial to assay carcass char-
acteristics. Chicks fed the PN diet had higher (P<0.01) weight gain, feed 
intake and gain: feed ratio than chicks fed the traditional corn-soy diet 
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after the 72 hr conditioning period. Chicks fed the PN diet had greater (P 
= 0.08) weight gain than those fed the control diet at day 18. The fat pad 
from chicks fed PN diet was smaller (P<0.05) than that from chicks fed 
control diet. The pectoralis major from chicks fed the PN diet was greater 
(P<0.01) than that from chicks fed the control diet. The results indicate 
that the PN feeding strategy can improve early growth performance and 
carcass characteristics of broiler chicks.

Key Words: programmed nutrition, Broiler chicks, Performance, fad pad, 
pectoralis major

P270 Efficacy of NSPase inclusion in reduced energy diets on broiler 
growth performance Hunter Walters*UG1, Mallori Williams1, Nathan 
Augspurger2, Blyn Brown2, Melanie Roux2, Jason Lee1 1Poultry Science 
Department, Texas Agrilife Research, Texas A&M System, College Station, 
TX; 2Enzyvia LLC, Sheridan, IN

The objective of the current study was to evaluate the performance of 
male broilers fed reduced energy diets with the inclusion of an NSPase 
(Enspira®). The experimental design consisted of three dietary treatments 
including a positive control (PC), negative control (NC) with a 132 kcal/
kg AME reduction throughout the experiment compared to the PC, and the 
NC supplemented with NSPase at an inclusion rate of 113.5 g/ton. Each 
treatment consisted of ten replicate pens with 30 male broilers placed per 
replicate (900 total broilers placed). The dietary program consisted three 
dietary phases; a starter from day 1 to 14, a grower from day 14 to 28, 
and a finisher from day 28 to 42. All diets were corn and soybean meal 
based and included dried distillers’ grain with solubles (DDGS) at 5% 
for each dietary phase. Broilers were weighed and feed consumption was 
determined on days 14, 28, and 42 which coincided with dietary changes. 
The reduction of energy in the NC diet reduced (P < 0.05) body weight 
(BW) throughout the trial compared to the PC diet (2.764 vs 2.519 kg on 
d 42). The inclusion of NSPase increased (P < 0.05) BW compared to the 
NC throughout the experiment and was similar to the PC diet for the du-
ration of the trial (2.713 kg on d 42). An increase (P < 0.05) was observed 
in feed conversion ratio (FCR) of the starter diet in the NC compared to 
the PC diet (1.22 vs 1.33). The inclusion of NSPase improved (P < 0.05) 
FCR compared to the NC and was similar to the PC diet. With regards 
to cumulative FCR through d 28, an (P < 0.05) increase was observed 
in the NC diet compared to the PC (1.38 vs 1.42). No significant differ-
ences were observed with the inclusion of NSPase compared to the NC 
diet following the starter phase. These data indicate that the inclusion of 
NSPase improves broiler performance when included in reduced energy 
corn-soybean meal based diets that include DDGS. 

Key Words: energy, broiler, enzyme, performance

P271 The Evaluation of a Natural Mineral Product (AZOMITE®) 
When Fed to Broilers Brett Lumpkins*1, Greg Mathis1, Roger James2 
1Southern Poultry Research, Inc., Athens, GA; 2AZOMITE Mineral 
Products, Inc., Nephi, UT
A 56 d floor pen study was conducted to evaluate the OMRI listed, 
natural mineral product (AZOMITE® Feed Grit) in broiler diets while 
observing live performance, carcass characteristics and histology. The 
experiment used a four phase feeding program (starter 0 to 18d, grower 
18 to 35d, finisher 35 to 42d and withdrawal 42 to 56d). Broiler chicks 
were allocated to a randomized block design of 8 replications of 40 birds 
per pen and were each fed one of six dietary treatments. Two basal diets 
were formulated and from these diets increasing levels of AZOMITE® 
were used to create the following dietary treatments: T1) positive control 
(commercial grade diet) T2) positive control+ AZOMITE® (0.25%), T3) 
positive control+ AZOMITE® (0.50%), T4) negative control (positive 
control – 10kcal ME/lb), T5) negative control + AZOMITE® (0.25%), 
and T6) negative control + AZOMITE® (0.50%). Feed and water were 
available ad libitum. Bird weights and feed consumption (kg) by pen 
were recorded at study initiation, Days 18, 35,42 and 56. After the 56 d 

of age, 5 birds from each pen were randomly selected for processing to 
measure carcass and breast yield. The data were analyzed statistically us-
ing SAS software with a P value of 0.05 to determine the level of signifi-
cance. At all measuring periods there was a difference (p<0.05) observed 
in FCR between the birds fed either the positive or negative control diets. 
At 18d of age no difference (p > 0.05) in BWG or FCR between the three 
treatments of birds that were fed the positive control diet regardless of the 
level of AZOMITE®. However, the birds fed the negative control diets 
were observed to have improved FCR when fed diets containing AZO-
MITE®, and the birds fed T6 had FCR level similar (p>0.05) to the birds 
fed T1. This trend of improved FCR with the inclusion of AZOMITE® 
to the basal diets was also observed at 35d, 42d, and 56d of age, with 
birds fed the positive control containing either level of AZOMITE® hav-
ing the most improved (p<0.05) FCR compared to birds fed any of the 
other dietary treatments. The T3 fed birds also had the lowest (p<0.05) 
feed intake between all treatments at any given period. Body weight gain 
was similar (p>0.05) between all treatments and at all measuring periods. 
Furthermore, there was no difference (p>0.05) in carcass characteristics 
between treatments. The villi height between birds fed the 3 positive 
control diets presented an interesting finding of a linear increase in villi 
height with the increasing levels of AZOMITE®, which may have been 
the resulting factor for decreased feed intake and improved FCR. In con-
clusion, the addition of AZOMITE® to commercial grade diets could be 
beneficial in the improvement of FCR in broiler chickens.

Key Words: AZOMITE®, natural, feed conversion, carcass yield, broiler

P273 Effect of yeast cell walls of Saccharomyces cerevisiae on 
performance and immunity response in broiler chicken diets 
contaminated with mycotoxins Carlos Mendieta Ramírez*1, Gabriela 
Gómez Verduzco1, Ernesto Ávila González1, Juan Carlos Del Río García2 
1National Autonomous University of Mexico, Mexico City, Mexico; 
2National Autonomous University of Mexico, Cuautitlán Izcalli, Mexico
This experiment was conducted to evaluate the effects of yeast cell wall 
of Saccharomyces cerevisiae (YCW) on performance, immune response 
and blood parameters in broiler chickens in counteracting the toxic ef-
fects of mycotoxins in naturally contaminated diets with aflatoxin B1 
(AFB1) and ochratoxin A (OTA) fed to commercial broilers. Two hun-
dred and sixteen one day-old male broiler chicks (Ross 308) were ran-
domly assigned to eight treatments with 3 replicates of 9 chicks each 
one. Eight dietary treatments were: 1) Control, 2) As 1+AFB1 (350 ppb), 
3) As 1+OTA (350 ppb), 4) As 1+YCW (1,500 ppm), 5) As 1+AFB1 
(350 ppb)+OTA (350 ppb), 6) As 1+AFB1 (350 ppb)+YCW (1,500 ppm), 
7) As 1+OTA (350 ppb)+YCW (1,500 ppm) and 8) As 1+AFB1 (350 
ppb)+OTA (350 ppb)+YCW (1,500 ppm). Birds and feed were weighted 
throughout the experiments to generate weight gain, feed intake and feed 
conversion ratio (FCR) data. These parameters were calculated at the end 
of the experiment (21 days of age).The effect of YCW on immune re-
sponse was evaluated after the application of Newcastle Disease Virus 
(NDV) vaccines and the serum samples were taken 14 days post-vacci-
nation. The antibody titers against NDV were determinate by hemagglu-
tination inhibition test. Chickens were sacrificed at 22 days old and the 
intestinal content was collected to determinate IgA levels by ELISA test. 

A delayed basophilic hypersensitivity test was done in the experiment 
at 21 days of age. Response was measured to intradermal inoculation 
of phytohemagglutinin in the interdigital membrane of the left foot. In-
terdigital membrane thickness was measured 24 hours post-inoculation. 
Haematological indices such as erythrocytes, haematocrit, white blood 
cell and plasma proteins were determined at 21 days old. 

Results: No differences were observed among treatments in FCR, an-
tibody titers against NDV. In body weight, weight gain and feed intake 
there were differences among treatments and these parameters were bet-
ter in treatments with YCW. Furthermore, local immune response (intes-
tinal IgA concentration) was higher in the YCW treatments. The delayed 
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basophilic hypersensitivity test, interdigital thickness showed increased 
in animals fed with the YCW. The hematological profiles showed no dif-
ferences in erythrocytes and haematocrit, but lymphocyte counts gener-
ally increased in the YCW treatments.

Conclusion: The addition of YCW in broiler chicken diets can be a use-
ful tool to establish and maintain a beneficial gut microflora and subse-
quently maximise growth performance. The results showed that YCW 
also can improve cellular and local (IgA) immune response. YCW can be 
an alternative in diets contaminated with one mycotoxin.

Key Words: yeast cell walls (YCW), AFB1, OTA, immune response

P274 Effects of Copaifera sp. as additive phytogenic on immunological 
profile and broiler performance Marcos Cafe*, Micaela Guidotti-
Takeuchi, Maria Auxiliadora Andrade, Ana Paula Junqueira-Kipnis 
University Federal of Goias, Goiania, GO, Brazil
The oilresin of Copaifera sp. is a Brazillian plant that have been shown 
to potentiate immunity. This project aimed to investigated immunologi-
cal activities of Copaiba sp. of broilers infected with pathogenic avian 
Escherichia coli. Broiler chicks were divided into ten groups and fed ra-
tions supplemented with 0, 2, 4 and 6 g Copaifera sp. oleoresin / kg, re-
spectively and another group with antibiotics as growth promoters. Each 
group was further divided into two subgroups, one challenged four and 22 
post-hatch with avian Escherichia coli by aerosol route and another one 
no challenged. The sesquiterpene composition was analyzed by biomark-
er β-caryophyllene and this showed 21,31% of this component. Antibody 
titer against Escherichia coli, cellular immune response, relative weight 
of lymphoid organs and performance parameters of poultry were investi-
gated. To measured cellular immune response, broilers was tested in vivo 
with lymphoproliferative response to phytohaemagglutinin induced skin 
swelling test. Blood, bile and tear samples were collected and were ana-
lyzed by ELISA test for IgA and serum IgY response to Escherichia coli. 
The supplemented different levels of oil-resin in this study did not result 
in enhancement in broiler performance. Live Body Weight (LBW) Body 
Weight Gain (BWG), were not affected by diet (p>0.05), with the excep-
tion of Feed Intake (FI) that result in lower Feed conversation ratio (FCR) 
on challenged birds. Cell mediated immunity results are statistically non-
significant (p>0.05) in chickens fed with different levels of oil-resin from 
Copaifera sp. at 8 hours and 24 h post-injected mitogen as compared 
with control group. These results indicated the treatments do not have 
promoted an increase in cellular immune response. None of treatments 
demonstrated effects on development of lymphoid organs investigated: 
bursa of Fabricius, spleen and thymus. Oilresin from Copaifera sp. in 
this study showed immune enhancement effects when broiler were fed 
with low level. Was demonstrated that supplemented 0.2% of oil-resin 
from this plant improve immune response and increase antibody titers 
to avian pathogenic E.coli by indirect ELISA test. Secondary metabo-
lites from these oils have chemical components such as β-caryophylen, 
a sesquiterpen that were demonstrating immunological effects, but it is 
unclear if only this component is responsible for this activity or if other 
molecules act synergistically. These data suggests that the systemic im-
mune response is influenced by addition of phytogenic additive on diets 
of broiler chicks.

Key Words: Broiler, Copaifera sp, Escherichia coli, immunomodulation, 
phytogenic additive

P276 Effects of microalgae supplementation of laying hen diets on 
oxidative stability and quality of stored eggs Marquisha Paul*SC1, Jennifer 
Davis1, Lizza Macalintal1, Michael Ford2, David Gillespie2, Tuoying Ao1, 
Austin Cantor2, Anthony Pescatore2 1Alltech-University of Kentucky 
Nutrition Research Alliance, Nicholasville, KY; 2Alltech-University of 
Kentucky Nutrition Research Alliance, Lexington, KY
As omega-3 fatty acids continue to gain positive attention for their im-
plications in brain development and heart health, there is an increase in 

public demand for omega-3 enriched products including eggs. Microal-
gae, an alternative to fish oil and flaxseed as a source of omega-3 fatty 
acids, can be incorporated into layer diets to produce a beneficial fatty 
acid profile including increased yolk content of docosahexaenoic acid 
(22:6, DHA). As a polyunsaturated fatty acid, DHA is highly susceptible 
to oxidation. Over time, an increase in fatty acid oxidation may result in 
an undesirable flavor or odor of foods. The purpose of this study was to 
evaluate the effect of supplementing laying hen diets with varying lev-
els of Schizochytrium microalgae (SP-1, Alltech, Inc.) on the oxidative 
stability and quality of stored eggs. Six replicate groups of 12 Hy-Line® 
W-36 laying hens were assigned each of 4 treatments consisting of feed-
ing a corn-soy based diet with 0%, 0.5%, 1.0% or 2.0% SP-1. After 25 
wks of dietary treatment, 12 eggs/rep were collected and divided into 
groups of 4 to be stored for 0, 15 or 30 d at 4°C in commercial egg flats 
contained in a cardboard egg case. Egg yolks were assayed for TBA re-
active substances (TBARS) to assess oxidative stability after storage. 
Haugh units, egg weight, % shell, yolk color (La*b*, Hunter Colorflex) 
and yolk weight were measured to evaluate egg quality. Dietary treat-
ments did not affect TBARS, Haugh units, egg weight, % shell and yolk 
weight during storage. At 0 d of storage, egg yolks from hens fed diets 
supplemented with 1 and 2% SP-1 resulted in lower (P<0.01) L values 
(lightness) and higher (P<0.01) a* values (redness). At 30 d of storage, 
egg yolks from hens fed 0.5 to 2.0% SP-1 had lower (P<0.01) L values 
(lightness), with only 2.0% SP-1 supplementation causing an increase 
in (P<0.01) b* values (yellowness). These results indicate that oxidative 
stability and egg quality is not compromised by dietary inclusion of SP-1 
up to 2%. Furthermore, SP-1 supplementation in laying hen diets can be 
used to produce darker and more color intense egg yolks.

Key Words: Eggs, Microalgae, Oxidative stability, Egg quality, Yolk

P277 Apparent ileal digestibility of energy of broilers fed a 
Thermomyces lanuginosus xylanase Catarina Stefanello*1, Sergio Vieira2, 
Rafael Cruz2, Jose Sorbara3, Rafael Hermes3 1Universidade Federal do Rio 
Grande do Sul, Porto Alegre, Brazil; 2UFRGS, Porto Alegre, Brazil; 3DSM 
Nutritional Products, Sao Paulo, Brazil
A study was conducted to evaluate the effects of a thermostable endo-
1.4-β-xylanase (EC 3.2.1.8), RONOZYME® WX, DSM Nutritional 
Products) supplemented in corn-soybean meal diets fed to a total of 480 
Cobb 500 slow feathering male broilers. Birds were fed a basal (Basal) 
diet using industry nutrient levels (21.0% crude protein (CP), 1.15% dig. 
Lys, 0.86% dig. TSAA, 0.75% dig. Thr and 3,100 kcal apparent metabo-
lizable energy (AME)/kg) and also to a similar diet replaced with corn at 
40% (Test). Basal and Test diets had Celite as indigestible marker at 1% 
and were supplemented with 50, 100, 150 and 200 Farbe Xylanase units 
(FXU)/kg of feed to compose 10 treatments. Diets were fed from 14 to 
25 d to birds in battery cages with 8 replicates of 6 birds per treatment. 
Ileum contents were collected at 25 days of age from all birds in each pen, 
and then immediately frozen with liquid nitrogen and later lyophilized. 
Feed and ileal contents were submitted to combustion using an IKA calo-
rimeter as well as to analyses of dry matter (DM) to calculate the ileal 
digestible energy (IDE) and the digestibility coefficient of DM (IDM). 
Xylanase added to the Basal diet resulted in quadratic increases (P<0.05) 
for IDE as well as for IDM (y = - 0.017x2 + 3.117x + 3,151; R2 = 0.15; 
max = 93 FXU/kg at 3,296 kcal/kg for IDE and y = - 0.0002x2 + 0.037x + 
63.833; R2 = 0.15; max = 115 FXU/kg at 65.96% for IDM). Adding xyla-
nase to the Test diet led to linear increases (P <0.05) in the IDE of corn (y 
= 1.060x + 3,358; R2 =0.12). In conclusion, when the xylanase was tested 
in a complete diet 93 FXU/kg maximized its energy release effect (145 
kcal/kg feed), whereas a maximum energy release was not achieved until 
200 FXU/kg was fed; however, 212 kcal IDE/kg of corn can be estimated 
from the linear regression equation at 200 FXU/kg.

Key Words: broiler, xylanase, corn
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P278 Novel exogenous enzymes may improve growth performance 
of broiler chickens fed diets with distillers dried grains with solubles 
Miguel Barrios*SC1, Tucker Bettis1, Amy Batal2, Robert Beckstead1 1The 
University of Georgia, Athens, GA; 2Huvepharma, Inc, Peachtree city, GA
The inclusion of dietary enzymes in broiler feed is well documented. The 
production of a beta-glucanase on a distillers dried grains with solubles 
(DDGS) backbone using DDGS as the substrate may result in improved 
feed digestibility in broilers fed diets including DDGS. The objective of 
this study was to test the efficacy of a novel beta glucanase (Hostazym 
C-DDGS) and a xylanase (Hostazym X) and their combination on broil-
er rations to 18 days of age. Cobb 500 by-product male broiler chicks 
were randomly sorted and placed in Petersime batteries. Each of the 8 
experimental diets was replicated with 12 pens each containing 6 chicks. 
Treatment diets were formulated as follows: 1: Corn-Soybean meal (no 
DDGS) 2: As 1 + 10% DDGS, 3: As 1 + 20% DDGS, 4: As 2 + Hosta-
zym C-DDGS, 5: As 3 + Hostazym C-DDGS, 6: As 2 + Hostazym C-
DDGS + Hostazym X, 7: As 3 + Hostazym C-DDGS + Hostazym X, 8: 
As 3 + Hostazym X. Body weight gain from day 0 to 7 was 0.121 Kg for 
birds fed the control diet; which was statistically similar (P<0.05) to birds 
fed rations containing 10% DDGS + Hostazym C-DDGS + Hostazym 
X, and 20% DDGS + Hostazym X. From 7-18 days of age, broilers fed 
20% DDGS and an enzyme resulted in statistically higher (P<0.05) body 
weight gain, while there was no statistical difference in feed efficiency. 
Lastly, body weight gain from 0-18 days of age was 0.625 for broilers fed 
the control diet, while broilers fed 20% DDGS and an enzyme resulted in 
statistically heavier body weights (P<0.05). Consistent with these results, 
feed efficiency was statistically improved in birds fed 20% DDGS and an 
enzyme. Carcass composition was measured at 18 days and relative fat 
pad weights were lower (P<0.05) in broilers fed diets with DDGS and 
an enzyme. However, the relative pectoralis major and minor weights 
were statistically similar (P<0.05) between the corn-soybean meal ration 
and all treatments diets. The enzymes, C-DDGS and Hostazym X, show 
promise to improve feed efficiency and body weight gain from 0 to 18 
days of age. Further research may be needed to understand the impacts of 
these enzymes in a full grow out period.

Key Words: Enzyme, Broiler, DDGS, Xylanase, Beta-glucanase

P279 Characterization of the role of avian homolog of mammalian 
target of rapamycin (avTOR) in nutrient utilization and growth 
Drew Morris*SC1, Robert Beckstead2, Sammy Aggrey2 1The University of 
Georgia, Conyers, GA; 2The University of Georgia, Athens, GA
Rising feed costs, comprising roughly seventy percent of the total cost 
of production, and increasing pressure to reduce environmental impact 
are two of the most significant hurdles facing the poultry industry. These 
challenges necessitate the innovation of new methods to deal with and 
overcome the problems they present. Mammalian target of rapamycin 
(mTOR) is a serine/threonine kinase that acts as a cellular censor of nutri-
ent levels, cellular stress and oxidation levels, insulin, amino acids and 
growth factors. Its activity integrates and regulates numerous functions 
including cell growth, cell proliferation, cell motility, cell survival and 
apoptosis, protein synthesis, and transcription. Being a highly conserved 
gene, it exhibits greater than ninety-seven percent homology with its avi-
an homolog avTOR. Our group is investigating the role of avTOR in feed 
efficiency and nutrient retention utilizing a chicken model in order to im-
prove industry breeding strategies for the optimization of feed efficiency 
phenotypes. Using pedigreed lines that have been divergently selected 
for either high or low residual feed intake, birds were treated with either 
a stimulator or suppressor of avTOR in the form of leucine or rapamy-
cin, respectively. We hypothesized that the treatments would elucidate 
a significant response in relative avTOR activity. We found that birds 
treated with rapamycin tended to consume similar or greater amounts of 
feed while exhibiting diminished weight gain and feed efficiency. These 
differences were the maximized when comparing males and females by 
pedigree. From this we concluded that there existed a substantial initial 

disparity in feed efficiency traits between each line and between the sex-
es. The provision of leucine or rapamycin functioned to exaggerate the 
observed discrepancies. We are currently performing molecular analyses 
to further substantiate our findings.

Key Words: mTOR, avTOR, Rapamycin, Leucine, RFI

P280 Isoleucine and valine responses in Cobb 500 female broilers: 
Hepatic fatty acid metabolism and gene expression Elizabeth Greene*1, 
Jie Bai2, Michael Kidd1, Sami Dridi1 1University of Arkansas, Fayetteville, 
AR; 2Zhejiang University, Hangzhou, China
Branched-chain amino acids (BCAA) exert several critical roles in me-
tabolism homeostasis and cell functions. Therefore, their dosage needs to 
be closely managed, since an insufficient or excessive level of BCAAs 
in the diet can be detrimental to cell metabolism and cell growth. The 
ideal BCAA ratio during the different phases of broiler rearing is still 
being debated and their roles in hepatic fat metabolism are unknown. 
Here we investigated, using the Ideal amino acid concept, the effects of 
three levels of BCAAs (control diet “C” containing Ile and Val to Lys 
ratios of 69 and 77% respectively; Low diet “L” containing 63% Ile/Lys 
and 72% Val/Lys, and supplemented group “L+S” where exogenous Ile 
and Val were added to the low diet to reach the same BCAA ratio as the 
control) on Cobb 500 female broiler hepatic fat metabolism. Despite the 
same live performances (body weight and feed conversion ratio) among 
all groups, low BCAA levels significantly down-regulated the hepatic ex-
pression of lipogenic genes, particularly ACCα and SCD-1 (P= 0.0036 
and P=0.0008, respectively) and up-regulated the hepatic expression of 
β-oxidation-related genes (UCP and NRF-1, P<0.05). Concomitant with 
these changes, low BCAA levels increased (P<0.05) the phosphoryla-
tion of AMPKαThr172, ACCαSer79 and FoxO1Ser256 and decreased (P<0.01) 
the phosphorylation of mTORSer2481 and p70 S6 kinaseThr389. The mRNA 
abundance of the transcription factors SREBP-1/2, PPARγ and FoxO1 
were also increased (P<0.05) in the liver of the L group compared to 
the control. Taken together, our data indicate that low BCAA levels alter 
hepatic lipogenic gene expression in the liver of female broiler chickens, 
resulting in a shift from fatty acid synthesis toward fatty acid β-oxidation, 
and these effects are likely mediated through the AMPK-mTOR-FoxO1 
pathway.

Key Words: Isoleucine, Valine, Broiler, Fatty acid metabolism

P281 Isoleucine and valine responses in Cobb 500 female broilers: 
Market attributes Jie Bai*1, Sami Dridi2, Elizabeth Greene2, Howard 
Lester2, Michael Kidd2 1Zhejiang University, Hangzhou, China; 2University 
of Arkansas, Fayetteville, AR
Considerable work has been carried out to assess dietary amino acid limi-
tation post threonine. These trials have been primarily concerned with 
valine and isoleucine and to a lesser extent with arginine and tryptophan. 
Because the majority of work with valine and isoleucine has been done 
using male broilers, we tested dietary responses in two experiments with 
female broilers from 14 to 28 d (3,072 birds were randomized across 96 
pens; 10 treatments between 6 and 10 replications) and from 28 to 42 d 
(1,536 birds were randomized across 48 pens; 7 treatments between 6 
and 7 replications). Cobb 500 chicks were slow-feather strains and were 
vent sexed at hatch. Chicks from the 14 to 28 d experiment were hatched 
at the Poultry Research Farm (d 1 to 13 common feed) hatchery whereas 
chicks from the 28 to 42 d (d 1 to 27 common feed) experiment were 
obtained from an industry hatchery. The 14 to 28 d treatment levels were: 
isoleucine and valine to lysine ratios of 63, 66, and 69, and 72, 77, and 82, 
respectively. The 28 to 42 d treatment levels were: isoleucine and valine 
to lysine ratios of 63, 67, and 71, and 72 and 77, respectively. Treatments 
were obtained by added feed grade L-isoleucine and L-valine to the test 
diets in replace of the filler. In the 14 to 28 d experiment interactions (P 
< 0.05) occurred for BW gain and drumstick yield. BW gain was best in 
diets whereby the valine to lysine ratio was 77 and the isoleucine to lysine 
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ratio was 66. Hence, dietary increases in valine and isoleucine ratios to 
lysine to 82 and 69, respectively, did not result in further increase in BW. 
Drumstick yields exhibited a loss as isoleucine ratios increased in birds 
fed the 77 valine to lysine levels. Other market, hematological, and plas-
ma amino acid measurements did not differ, but low and high isoleucine 
to lysine ratios compared to 66 suppressed (P < 0.05) eosinophil levels. 
Interactions did not occur in the 28 to 42 d experiment, but increasing va-
line to lysine levels from 72 to 77 reduced (P < 0.05) thigh and drumstick 
yields. Future research in Cobb 500 female broilers should be assessed 
to calculate isoleucine and valine formulation levels because marginal 
reductions from current ideal protein estimates may support good perfor-
mance at a reduced feed cost.

Key Words: Isoleucine, Valine, Broiler

P283 Increased Levels of Carbon Dioxide During Incubation of 
Fertile Eggs (Gallus Gallus) from Heavy Breeders Hens Modify the 
Cell Counts of Blood Cells Sonia López Córdova, Marco Antonio Juárez 
Estrada Universidad Nacional Autónoma de México, México D.F, Mexico
Artificial incubation is a key process in order to get a high. The CO2 is 
very important into acid and base reactions and the catabolism for harvest 
energy during the first ten days at least of ED. However, stationary state 
into hormonal balance is very important for a healthy ED. T3, T4 and 
corticosterone. Fertile eggs from Ross 308 breeder’s hens of 52 weeks 
old were incubated under two treatments. First one, the incubator was 
air-tight the first ten days of ED, after that, the incubator remained under 
standard incubation like the control group; the second one had incuba-
tor with standard ventilation under manufacturing advising, this protocol 

remained from first day of ED until finishing this assay (21 days of ED). 
At ten days of incubation, air-tight group showed 20.56±0.7 ppm of O2 
and 21,697±49.2 ppm of CO2; otherwise, standard group had 20.31±0.56 
ppm of O2 and 2,001±49.2 ppm of CO2. Treatment I, had hatchability 
from fertile eggs of 61.60±10.7%, and this parameter in the treatment II 
has been of 66.19±15.9%. Total hatchability into air-tight group was of 
55.08±12.39%, and for the standard group it was of 58.76±7.77%. Chicks 
day-old from air-tight incubator were heavier (41.93±2.4g) (p<0.05) than 
chicks of the standard group (40.16±2.9g). Air-tight incubator had longer 
chicks (17.11±0.5cm) (p<0.05) than the second group (16.85±0.78). Em-
bryos from the group I at 18 days of ED, showed increased hematocrit 
(0.23±0.02 L/L) (p<0.05), whereas the standard group had less hemato-
crit (0.09±0.3L/L). Lymphocytes cells counted from embryos of air-tight 
group (24.83±11.31%), were higher (p<0.05), than 14.91 ±5% recorded 
from the embryos of the standard group. Monocytes cells counts in the 
embryos from the air-tight group were of 17.91±7.12%, higher (p<0.05), 
than 16.66±4.9% of monocytes recorded from the embryos of the stan-
dard group. Non-ventilation system like it was done in the air-tight in-
cubation group here during the first half of ED may be has a threshold 
potential over the growth and differentiation of some kind of blood cells 
at early embryonic development. Implications of higher hematocrit, lym-
phocytes and monocytes cells counts from the embryos of the air-tight 
group, on the immunological status of the chicks at one-day-old and later 
that had not been clear yet. Researching about this question has to be 
done into the next future.

Key Words: Incubation, Blood, Carbon dioxide, hatchability, quality
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