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Egg, Embryonic Reserves and First Feed for the Broiler E.T. Moran, Jr.* Auburn University

Hatching egg studies have been devoted to improving number with the hen and fertility. Likewise, incubation research revolves around maximiz-
ing chick placement with minimal examination of their productive potential. Each facet from the hen and egg through to chick and live perfor-
mance is expected to be related but relative effects generally unknown. Nutritional success of the first feed after emergence from the shell can be of 
meaningful advantage. Yolk and albumen directly participate in establishing the embryo during the first 14 days with remaining amounts in concert 
with shell Ca providing nutritional resources until external access is established. Several days are employed by the hen for yolk assembly with 
lipids and phosphorus. Very low density lipoproteins (VLDL) arriving at the hen’s liver after intestinal formation from dietary fat can be readily 
altered for acceptance by the ovary while additional other fat with protein and phosphorus (P) forms vitelogenin (vg) which has the same desti-
nation. Age of the hen together with feed fat and P modify egg yolk. VLDL is massively removed from the yolk after 14 days with triglycerides 
expanding subdermal depots for post-hatch energy and essential fatty acids while cholesterol accrues in the liver for membrane expansion. P from 
dismantled phospholipids marries with Ca removed from the shell for the skeleton. Other Ca combines with vg in the yolk sac that is eventually 
removed to continue mineralization. Rupture of the albumen sac enables “consumption” of the remaining protein medly that largely enters circula-
tion. Disassembly of these glycoproteins provides amino acids for growth and glucose for glycogen storage which continues after emergence. Yolk 
sac CaP, depot fat, circulating albumen progressively diminishes through 7 days post-hatch. Early access to a first feed having nutritional contents 
that complements depletion of reserves maximizes potential. Microbial enzymes from coprophagy, particularly phytase, appear to facilitate nutri-
ent recovery by an immature GI system.

Key Words: Egg, Incubation, Embryo nutrition, Starting Feed
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M1 Strain and gender effects on broiler meat quality Melissa 
Miller*1SC, Mi Yeon Shim2, Muhammad Tahir3, Arthur Karnuah2, Sam-
my Aggrey2, Gene Pesti2, Dean Pringle1 1Department of Animal and 
Dairy Science, University of Georgia, Athens, 2Department of Poultry 
Science, University of Georgia, Athens, 3Department of Animal Nutri-
tion, Agricultural University, Peshawar, Khyber Pakhtunkhwa, Paki-
stan

The effects of strain and gender on meat quality of six commercial broiler 
strains were analyzed. Broilers (n=458) representing six strains from four 
male and three female parent stocks (M1×F1, M2×F1, M3×F1, M4×F1, 
M3×F2, M4×F3) were evaluated. The broilers were raised and processed 
(49 d) using current industry procedures. Carcasses were chilled for at least 
2 h, and deboned. One breast from each carcass was used for quality evalu-
ation. Breasts were frozen within 24 h postmortem and stored at -20°C. 
Frozen breasts were weighed, thawed overnight at 40°C, and reweighed to 
determine drip loss. Muscle pH was measured on the dorsal end and color 
(L*,a*,b*) was measured on the internal surface of breasts. Breasts were 
then cooked to 75°C and cook loss was calculated. After cooling over-
night, Warner-Bratzler peak shear force (kg/cm) was measured. In terms 
of quality, M4 produced offspring with a lower (P=0.03) pH than M2; 
and tended to produce a lower (P<0.09) pH than M1 and M3. For color, 
breasts from M2 progeny were darker (lower L*, P<0.03) than M1, M2, 
and M3 breasts and F1 offspring breasts tended to be darker (P<0.08) than 
F2 and F3 breasts. Breasts from M2 and M3 progeny were redder (higher 
a*, P<0.02) than M4, while F1 progeny breasts were redder (P<0.03) than 
F3 progeny. M1 and M3 progeny breasts were more yellow (higher b*, 
P<0.05) than M2 breasts. Males had higher (P<0.01) pH values than fe-
males and female broilers produced lighter (P<0.01), less red (P<0.05), and 
more yellow (P<0.01) fillets than males. As expected, male breasts were 
heavier (P<0.01), had longer (P<0.01) cook times, and exhibited higher 
(P=0.01) cook losses than female fillets. F2 fillets were heavier (P<0.01) 
than F1 fillets and F3 fillets had higher (P<0.06) drip loss than F1 breasts. 
Strain effects (P<0.01) on tenderness showed that breasts from M2, M3, 
and M4 broilers were similar in tenderness and less tender (P<0.01) than 
M1 breasts. F2 fillets were more tender (P<0.01) than F1, which were more 
tender (P<0.01) than F3 fillets. Male fillets were more tender (P<0.05) than 
female. Strain and gender significantly influenced meat quality attributes 
including color, pH, and tenderness along with breast weight and cook 
yields.

Key Words: broiler, strain, color, pH, tenderness

M2 Application of 1, 3-Dibromo-5, 5-Dimethylhydantoin to re-
duce Campylobacter jejuni populations on poultry Jacob Smith*1SC, 
Manpreet Singh1, Jackson McReynolds2, Eric Liimatta3 1Auburn Uni-
versity, Auburn, AL, 2Elanco Food Solutions, Greenfiled, IN, 3Albebarle 
Corporation, Baton Rouge, LA

Current regulatory guidelines to control poultryborne pathogens, more spe-
cifically Campylobacter jejuni, warrant the need for novel applications of 
antimicrobials during poultry processing. The objective of this study was to 
evaluate the efficacy of 1,3-Dibromo-5,5-Dimethylhydantoin (DBDMH) 
as an antimicrobial intervention in reducing C. jejuni on fresh poultry. 

*Author presenting paper

SC Denotes Student Competition

Varying concentrations (0, 50, 75, 100, 200, and 300 ppm) of DBDMH 
were prepared and chilled to 10°C. Broiler carcasses were inoculated with 
10 mL of C. jejuni (ca.7 log10 CFU/mL) and allowed 30 min for attach-
ment. Carcasses were then subjected to either immersion or spray treat-
ment of DBDMH. The immersion treatment was performed to determine 
impact of time of exposure of DBDMH on C. jejuni. Following treatment 
the carcasses were rinsed with 200 mL of Buffered Peptone Water and 250 
µL of the rinsate was plated onto Campylobacter Cefex and plate count 
agar plates. Campylobacter Cefex agar plates were incubated under mi-
croaerophillic conditions at 42°C for 48h and plate count agar media was 
incubated aerobically at 37°C for 24h. Statistical analysis indicated that the 
immersion application significantly (P≤0.05) reduced aerobic bacteria as 
compared to the spray application. Although reductions of C. jejuni were 
observed to be higher with increasing concentrations of DBDMH, results 
suggested that 300 ppm DBDMH as an immersion application showed the 
greatest amount of reduction (P≤0.05) of C. jejuni irrespective of the time 
of exposure, however, spray treatment showed no significant difference 
between DBDMH concentrations (P>0.05). A commercial chilling trial 
showed significant reductions (P≤0.05) post-chill compared to pre-chill for 
both C. jejuni and aerobic bacteria. This study demonstrated that 1,3-Di-
bromo-5,5-Dimethylhydantoin can be used as an antimicrobial treatment 
on fresh poultry.

Key Words: DBDMH, Campylobacter, Processing

M3 Effect of selected concentrations and combinations of acetic, 
citric, and propionic acid solutions on bacterial contamination of 
raw chicken skin Anita Menconi*1SC, Srichaitanya Shivaramaiah1, An-
gélica Londero2, Andressa Reginatto2, Neil Pumford1, Marion Morgan 
Jr.1, Amanda Wolfenden1, Lisa Bielke1, Billy Hargis1, Guillermo Tellez-
Isaias1 1University of Arkansas, Fayetteville, AR, 2Universidade Fed-
eral de Santa Maria, Santa Maria, Brazil

Bacterial contamination of raw processed poultry can limit shelf-life 
and may include foodborne pathogens. We evaluated different combi-
nations of organic acid (OA) wash solutions for reductions in bacterial 
contamination of raw chicken and their effect on recovered CFU of 
pathogens and aerobic bacteria during cold storage. In experiment 1, 
raw chicken skin samples were dipped into a suspension containing 
either 108 cfu/mL of Salmonella Typhimurium (ST), Escherichia coli 
O157:H7 (EC), or Listeria monocytogenes (LM) for 30s and then im-
mersed in either PBS or an OA wash solution mixture of 0.8% citric, 
0.8% acetic, and 0.8% propionic acid (at equal W:V % concentrations) 
for an additional 30s. In experiment 2, three different concentrations 
of the OA wash solution (0.2, 0.4 and 0.6% at equal W:V % concen-
trations) were tested against chicken skin samples contaminated with 
ST. Viable cells of pathogenic bacteria on each skin sample were enu-
merated after 1 and 24 h of storage at 4 C in both experiments. In ex-
periment 3, skin samples were initially treated on d 1 with either PBS 
or two concentrations of the OA mixture (0.4% and 0.8%) and total 
aerobic bacteria were enumerated during a 2 week storage period. In all 
experiments, significant (p<0.05) differences were observed when skin 
samples were treated with the OA wash solution and no spoilage or-
ganisms were recovered at any given time-point, while increasing log10 
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numbers of spoilage organisms were recovered over time in PBS treat-
ed skin samples. These results suggest that 0.2 – 0.8% concentrations 
of an equal-percentage mixture of this OA combination may reduce 
pathogens and spoilage organisms and improve food safety properties 
of raw poultry.

Key Words: Organic acids, shelf life, chickens, skin rinse, foodborne 
pathogens

M4 A Chemical Additive to Limit Potential Bacterial Contamina-
tion in Chill Tanks Brad Schambach*1SC, Mark Berrang1, Mark Har-
rison2 1USDA-ARS-Russell Research Center, Athens, GA, 2University 
of Georgia Food Science and Technology, Athens, GA

Broiler carcasses with different types and numbers of bacteria are com-
monly chilled together in an ice water bath which may lead to transfer 
of unwanted bacteria from carcass to carcass. Historically chill tanks 
have been chlorinated to help prevent cross contamination. Recently 
other chemical additive options have become available to help lower 
bacterial counts during the chilling process. The objective of this study 
was to test the effectiveness of a proprietary chemical additive (T-128) 
to lower bacterial numbers in chill water and stabilize chlorine in the 
presence of organic material. To test this, eight containers were pre-
pared each containing a fresh broiler wing, water, and ice in a weight 
to weight ratio of 1:2:4 chicken meat to water to ice. Two containers 
were assigned to each of four treatments, as follows: control (no ad-
ditive), 50 parts per million (ppm) chlorine, 0.5% T-128 (by volume), 
and a combination of 50ppm chlorine and 0.5% T-128. All containers 
were covered with aluminum foil and shaken at 130 rpm for forty five 
minutes. Water temperature, pH, free chlorine, and total chlorine were 
measured at time 0 (before shaking) and after 45 min of chilling. Also 
at time 0 and 45 min, one mL of chill water was plated on the surface 
of plate count agar. Plates were incubated for 24 hours at 37°C and the 
resultant colonies were counted. This experiment was replicated five 
times resulting in a total of ten samples for each of the four treatments. 
After 45 minutes of shaking, the mean chill water temperature ranged 
from 0.6 to 0.8 C. Mean chill water pH was as follows: control: 6.92, 
50ppm chlorine: 7.08, 0.5% T-128: 3.10, and 50ppm chlorine plus 0.5% 
T-128: 3.85. Mean free chlorine levels for these treatments after 45 min 
were the following: control: 0.0ppm, 50ppm chlorine: 3.01ppm, 0.5% 
T-128: 0.0ppm, and 50ppm chlorine plus 0.5% T-128: 2.84ppm. Mean 
numbers of total aerobic bacteria detected per mL of chill water after 
45 min were 213 colony forming units (CFU) in the control, 107 CFU 
in the chlorinated samples, 8 CFU and 10 CFU in the T-128 only and 
T-128 plus chlorine samples, respectively. Despite the fact that after 
45 min, samples containing T-128 had similar levels of active chlo-
rine as chlorinated samples without the additive, those with T-128 had 
significantly lower (p < 0.05) chill water plate counts. In fact, samples 
containing T-128 by itself resulted in low bacterial numbers comparable 
to samples containing both T-128 and chlorine, and lower than samples 
containing only chlorine. Further research is needed to determine if 
these results are due to T-128 interacting with chlorine or simply from 
the pH reduction caused by the addition of T-128 itself.

Key Words: Chilling, Broiler, Chlorine, Aerobic Bacteria, Chill Ad-
ditive

M5 Alternative to post mortem aging to improve tenderness and 
deboning yield of whole chickens Laura Bauermeister*SC, Amit Mo-
rey, Gretchen Nagel, Shelly McKee Auburn University, Auburn, AL

Poultry breast fillets need approximately 4-6 h of post mortem (PM) 
aging prior to deboning to become tender, however this reduces the 
yield on the deboned breast fillets. This study was designed to explore 
alternative treatments to aging to determine if fillet tenderness could be 

maintained while preserving the yield characteristics of early deboned 
product. Whole chickens (n=200) were conventionally processed and 
randomly assigned to the following deboning treatments with 25 whole 
carcasses per treatment and 2 replications; 2 h aged Control (2hC), 2 
h aged injected with phosphate-A (Phos-A), 2 h aged injected with 
phosphate-B (Phos-B), and a 6 h aged, Control (6hC). The 2hC and 
the 6hC were aged on ice for 2 and 6 h PM, respectively and deboned. 
The Phos-A and Phos-B treatments were aged on ice for 2 h PM and in-
jected with either 3.46% Phos-A or Phos-B and 3.83% salt, with a 10% 
uptake. pH and temperature of the marinade, fillet yield and % uptake, 
drip-loss, cook-loss and ready-to-cook (RTC) yield were calculated and 
fillets were split into right and left halves. Sensory was completed using 
the right fillet and an 8-point hedonic scale for appearance, flavor, ten-
derness, juiciness and overall acceptability. Left fillets were prepared 
identically to the sensory fillets for texture analysis and cook-loss was 
determined. Percent moisture was determined on raw and cooked meat 
samples. There were no significant differences in the marinade pickup 
between the Phos-A and Phos-B, however; the product injected with 
the Phos-B did have an increased breast yield and RTC breast yield 
when compared to the other treatments. In addition, the fillets from the 
carcasses injected with the Phos-B had a lower drip loss and cook-loss 
when compared to the other treatments, which also attributed to the 
higher RTC breast yield. The sensory panelists liked the flavor of the 
Phos-B more than the other treatments and also perceived the texture of 
the Phos-B treatment to be more tender than other treatments. Overall, 
the early deboned chicken meat injected with the a Phos-B achieved a 
quality better than or equivalent to the 6hC breast fillets while improv-
ing the deboning and RTC yield and improving the sensory attributes of 
texture and flavor in the breast fillets.

Key Words: Breast Fillet, Tenderness, Yield, Marination, Phosphate

M6 In-vitro evaluation of the most effective combination of es-
sential oils against Salmonella and Campylobacter spp Rajani 
Thanissery*SC, Sophia Kathariou, Douglas Smith North Carolina State 
University, Raleigh NC

The demand for foods that are free of pathogens and chemical resi-
dues has increased interest in the use of plant-based products as natu-
ral antimicrobials. Plant essential oil (EO) is a very promising natural 
compound that has demonstrated antimicrobial properties against food 
borne pathogens. Studies show that EO’s when used in combination 
have a synergistic and additive effect against individual pathogens. 
The objective of this study was to conduct an in-vitro evaluation to 
determine the most effective combination of 4 selected essential oils 
against both Campylobacter and Salmonella sp. Disc diffusion meth-
od was used to screen the oils of thyme, orange, rosemary, and clove 
against 3 strains of nalidixic acid resistant S. enterica serovars and 
their cocktails, as well as 2 strains of C. coli and 1 strain of C. jejuni 
and their cocktails. Two plates with four discs each were used for each 
oil-bacteria combination. The agar media plate was swabbed with the 
bacterial suspension (108 CFU/mL) and kept for 30 min at 4 °C. Filter 
paper discs (6.0 mm in diameter) were soaked with 10 µL essential 
oil and placed on the surface of the inoculated agar plates. Salmonella 
plates were incubated at 37°C for 24 h, and Campylobacter plates under 
microaerophilic conditions at 42°C for 48 hours. Two independent ex-
periments were performed and their zones of inhibition (ZI, mm) were 
expressed as mean values. Controls were plates that were not exposed 
to any oils. Results showed that Thyme oil demonstrated the strongest 
inhibitory properties against Salmonella with a mean ZI of 18.2 ± 2 
mm, and orange oil for Campylobacter with a mean ZI of 22.1 ± 1 mm. 
Based on this results orange oil and thyme oil was combined on a 50:50 
proportion and their effects were tested on the same strains of Salmo-
nella and Campylobacter using similar procedures. The oil combina-
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tion demonstrated a mean ZD of 22.5 ± 2 mm on Salmonella plates, and 
22 ± 2 mm on Campylobacter plates. Thyme-orange oil combination 
demonstrates a synergetic/additive effect on Salmonella, but no such 
effects were noticed with Campylobacter plates. Thyme-orange oil is an 
effective combination to combat both Campylobacter and Salmonella 
invitro, however further investigation is needed to extrapolate the find-
ings into the food systems.

Key Words: Salmonella, Campylobacter, Essential oils, Thyme, Or-
ange

M7 Strain and sex effects on growth performance, and carcass 
traits of contemporary commercial cross broilers Mi Yeon Shim*1, 
Muhammad Tahir2, Arthur Karnuah1, Melissa Miller1, Dean Pringle1, 
Sammy Aggrey1, Gene Pesti1 1University of Georgia, 2Agricutural 
University, Peshawar, Khyber Pakhtunkhwa, Pakistan

A total of 3168 sexed birds from 6 commercial cross broiler strains (4 
males and 3 females) were raised and processed to analyze the effect of 
strain and sex on growth performance and carcass traits. Chicks from 
M1 × F1, M2 × F1, M3 × F1, M4 × F1, M3 × F2, M4 × F3 crosses were 
sexed. Female and male separated chicks were randomly allocated, 33 
per pen to 24 floor pens (119cm × 300cm) covered with pine shavings 
in each of 4 rooms. FCR was adjusted by dead weight (AFCR). The 
birds were processed at 7 wk of age in 4 birds/pen. Carcasses were 
deboned at 2 h postmortem (n = 32 birds per treatment). There were 
significant strain by sex interactions for BW gain at 0-21 and 0-48 d 
and AFCR at 0-48 d. The difference in BW gain between males and 
females was 0.40 kg for M2 × F1, but was nearly double (0.75 kg) 
for M3 × F2. The other strains had differences of 0.53 to 0.65 kg for 
males and females. For AFCR, M2 × F1 had a difference of 0.05, but 
for M1 × F1 and M4 × F3 the difference was 0.10 g feed per g gain. 
For processing parameters, the strain by sex interactions were never 
significant (P>0.065). There were strain differences for all parameters 
measured on both absolute weight and % bases. Sex was a significant 
contributor to variation in most parameters, but not yield (% chilled 
carcass weight), % breast meat or weight of skin. Percentage yield var-
ied from 74.8% (M2 × F1) to 76.1% (M3 × F2). Percentage breast meat 
yield varied from 20.2% (M4 × F3) to 21.4% (M1 × F1 and M3 × F2). 
Percentage breast + tenders results were slightly different than breast 
meat alone. M4 × F3 still had the smallest yield, but M1 × F1 and M3 
× F2 were similar and the heaviest. However, differences in most of 
the processing parameter were significant. Interestingly, sex difference 
in the breast and tender weights and % tender makes a significant sex 
difference in breast + tenders.

Key Words: Strain, Sex, Growth Performance, Feed Efficiency, Car-
cass

M8 Generation of Airborne Listeria  from Floor Drain Mark 
Berrang*1, Joseph Frank2 1USDA-ARS-Russell Research Center, Ath-
ens, GA, 2University of Georgia Food Science and Technology, Athens, 
GA

Listeria monocytogenes can colonize floor drains in poultry processing 
and further processing facilities remaining present even after cleaning 
and disinfection of the plant. Therefore, during wash down, workers 
exercise caution to prevent escape and transfer of drain microflora to 
food contact surfaces. The objective of this study was to examine the 
extent to which an inadvertent water spray into a colonized floor drain 
can cause the spread of airborne Listeria . Non-virulent L. innocua was 
used to inoculate a PVC model floor drain resulting in approximately 
100 million cells per mL of PBS and 1 million attached cells per square 
cm inner surface. Each model drain was subjected to a 2 s spray of tap 
water at 68.9 kPa from a distance of one meter. Airborne cells were 

collected by means of sedimentation plates filled with modified oxford 
(MOX) agar which were placed on the floor and walls of a contained 
room at incremental horizontal and vertical distances of 0.6, 1.2, 2.4 or 
4 m from the drain. Sedimentation plates were exposed for 10 min. A 
mechanical sampler was used to collect air by impaction on the surface 
of MOX agar to measure the number of cells per liter. The experiment 
was conducted in triplicate rooms for each replication. Listeria was 
detected on sedimentation plates on walls as high as 2.4 m above the 
floor and 4 m from the drain. Plates on the floor were less contaminated 
with increased distance from the drain; at 0.6 m more than 50 colony 
forming units (CFU) were detected while at 2.4 m an average of 2.6 
CFU were detected. Plates set at the height of a low bench, 2.4 m from 
the drain were also found positive for Listeria . Results from the me-
chanical air sampler revealed an average of 0.3 CFU per L of air. A 2 s 
accidental spray with a water hose into a contaminated area can cause 
airborne spread of Listeria resulting in the potential for cross contami-
nation of food contact surfaces, equipment and exposed product.

Key Words: Listeria monocytogenes, airborne, biofilm, floor drains

M9 Therapeutic efficacy of polyherbal feed additive against 
Salmonella enteritidis induced enteritis in chicken Shivi Maini*1, 
Koundanya Laxmikant2, Gangadhar Kulkarni2, Avinash Karpe2, Sud-
hir Rajurkar3, Kotagiri Ravikanth1, Anand Deshpande2 1Ayurvet Lim-
ited, Katha, Baddi, Himachal Pradesh, India, 2College of Veterinary 
& Animal Sciences, MASFU, Parbhani, Maharashtra, India 3 Dept. of 
Veterinary Pharmacology, College of Veterinary & Animal Sciences, 
Parbhani, Maharashtra, India

The serotypes viz. typhinurium, enteritidis are the major pathogenic 
concerns in poultry. Antibiotics are the proven panacea for these diseas-
es. There is worldwide upsurge in testing alternate system of medicines 
& feed additives. In present study, therapeutic efficacy of a polyherbal 
antidiarrhoeal feed-additive in Salmonella enteritidis induced enteritis 
in broiler chicks is explored. Salcochek is a polyherbal formulation 
containing pre standardized herbs eg. Acacia catechu, Aegle marmelos, 
Holarrhena antidysenetrica, Berberis aristata etc. Day old 50 Vencob 
broiler chicken were divided randomly in two groups (n=25). Group 
A (positive control) & B (treatment) birds were inoculated with patho-
genic strain of Salmonella enteritidis@0.8 ml of inoculum (bacterial 
concentration1x106CFU/ml) on day 8th. Group B were fed Salcochek 
along with feed@2kg/ton of feed (supplied by Ayurvet Ltd., Baddi, In-
dia) from day 8th, for 7 days after the onset of clinical symptoms of dis-
ease. The experiment was conducted for 5 weeks to evaluate the produc-
tion performance, haematobiochemical parameters, clinical symptoms, 
histopathological changes & mortality in birds. The study revealed 
significantly (P≤0.01) higher feed intake, higher body weight gain & 
better feed conversion efficiency in birds of group B over group A from 
2-5 weeks. The haematobiochemical parameters were evaluated on day 
22nd & 35th. The Hb concentration & packed cell volume (PCV) (%) 
were higher (P≤0.01) in group B than in group A. There was significant 
(P≤0.01) increase in total leukocytic count (TLC) in group A over group 
B & variation in differential leukocytic count (DLC) with heterophil-
ia, lymphopenia, eosinopenia & monocytopenia in group A (P≤0.01). 
There was significant (P≤0.01) increase in total serum protein, albumin 
& decrease (P≤0.01) in serum uric acid in group B as compared to un-
treated control group A. The mortality was higher (P≥0.05) in group A 
over group B. Prominent histopathological changes observed in control 
group A were congestion, desquamation of intestinal epithelial cells & 
infilteration of inflammatory cells in mucosa, diffuse degenerative & 
necrobiotic changes in hepatocytes, pericarditis, myocarditis, depopu-
lation of bursal follicles & congestion in lungs. However, in treated 
group histopathological changes were milder. Salcochek was found to 
be effective antimicrobial feed additive for poultry, when administered 
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@2kg/ton of feed. It can be concluded that polyherbal feed additive is 
efficacious as antidiarrhoeal and its regular usage in poultry feed may 
be recommended for good health, better production performance & pre-
vention of diarrhoea and enteritis in broilers.

Key Words: additive, enteritis, Herbal, performance, Salmonella

M10 Role of polyherbal antistressor product in improving meat 
quality attributes in broilers Shivi Maini*1, Sandeep Rindhe2, 
Kotagiri Ravikanth1, S.U. Suryavanshi2, K.K. Khose2, R.N. Wagh-
mare2 1Ayurvet Limited, Katha, Baddi, Himachal Pradesh, India, 2Col-
lege of Veterinary & Animal Sciences, MAFSU, Parbhani, Maharash-
tra, India

Adverse effect of various stressors is exhibited through impairment 
of cellular functions by altering oxidative metabolism leading to poor 
meat quality. This may be associated with reduction in growth, per-
formance & feed efficiency. An experiment was carried out on 60 day 
old Vencob straight run commercial broiler chicks for a period of 42 
days (6 weeks), which were randomly divided into two groups (n=30) 
of three replicates each. Untreated control group (C) was fed standard 
basal diet without any supplement, treatment group was supplemented 
with Ayucee@ 100g/tonne of feed alongwith basal diet for 0-42 days. 
Ayucee is a polyherbal formulation containing natural Vitamin C & 
bioflavonoids, scientifically well known for their anti-oxidant & free 
radical scavenging activities. The product contains constituent herbs, 
Phyllanthus emblica, Ocimum sanctum, Terminalia chebula & With-
ania somenifera. During present experiment, growth & performance 
parameters were recorded at weekly intervals. Carcass traits, physico-
chemical attributes of raw & cooked meat were analyzed at the end 
of experiment. The mean live body weight (g) on 42nd day was sig-
nificantly (P<0.01) higher in Ayucee supplemented group (2110.70 ± 
14.78) than 1754.24 ± 17.37 (control), Mean weekly feed consumption 
& FCR was non-significantly different among both the group. The car-
cass yield (g) of the treated group (1661.67± 15.48) was significantly 
(P<0.01) higher than control (1285.33± 11.31). Treated group revealed 
significantly (P<0.01) higher dressing % (78.81± 0.23) as compared to 
control (71.41± 0.09).The mean value of fillet, tender & giblet yield was 
also significantly (P<0.01) higher in treatment than control. Physico-
chemical analysis of raw meat revealed that supplementation of herbal 
antistressor product is efficacious in optimizing protein & fat content 
of raw meat and also in maintaining sensory quality of meat. During 
frozen storage (-18 ± 20 C) & at 60th day, higher mean value of Thiobar-
bituric acid (TBA) & tyrosine value of control is indicative of oxidative 
rancidity of meat & breakdown of proteins, respectively.. In contrast, 
supplementation of Ayucee significantly lowered TBA & tyrosine value 
suggesting its efficacy to improve shelf life of raw meat. Sensory qual-
ity analysis of Microwave Cooked Breast Fillets (MWBF) of Broilers 
& Microwave Cooked Breast Tenders (MWCT), indicated a significant 
improvement in organoleptic characteristics (appearance, colour, odor, 
flavour, juiciness, texture & tenderness) in treated group than control. It 
can be concluded that supplementation of antistressor product is effica-
cious in improving overall meat quality attributes in broilers.

Key Words: antioxidant, carcass, sensory, physico chemical, organo-
leptic

M11 Aerobic and anaerobic cecal bacterial flora of commercial-
ly processed broilers Arthur Hinton Jr*1, Kimberly Ingram1, Mollie 
Jenkins2 1Russell Research Center, Athens, GA, 2950 College Station 
Road, Orangeburg, SC

Differences in the bacterial flora of aerobic and anaerobic cultures of 
broiler ceca collected from a commercial poultry processing facility 
were determined. Bacterial isolates from cecal cultures were selected 

based on the ability of the bacteria to grow in media supplemented with 
lactate and succinate. Primary cecal cultures were grown by adding ap-
proximately, 1 g of cecal contents to 100 ml of media composed of 
(g/l) tryptose, 10.0; yeast extract, 5.0; sodium chloride, 5.0; beef ex-
tract, 2.4; glucose, 2.0; and cysteine, 0.5. Media was adjusted to pH 7.0 
and sterilized by autoclaving at 121C for 15 min. The inoculated media 
was incubated aerobically or anaerobically at 35C for 48 h. One ml 
aliquots of the incubated cultures were transferred to 10 ml of modified 
growth media containing no glucose and supplemented with 0, 50, 100, 
or 150 mM of succinate and lactate. Cultures in modified media were 
incubated at 35C for 48 h under the same atmosphere as primary cecal 
cultures. Two additional transfers of incubated cultures into fresh media 
were made using 10µl bacteriological loops. Final cultures were plat-
ed on agar media prepared by adding 1.5% agar to the corresponding 
lactate-succinate broth media. Inoculated plates were incubated under 
appropriate atmospheric conditions at 35C for 48 h. Isolated colonies 
were then selected from agar and identified using the Biolog Bacte-
rial Identification System. Results indicated that Proteus mirabilis and 
Enterococcus spp. were the predominant bacterial isolates recovered 
from all media incubated aerobically. Predominant bacterial isolates 
recovered from media incubated anaerobically included Arcanobacte-
rium pyogenes, Bacteroides spp., Clostridium spp., Lactococcus lactis, 
and P. mirabilis from media supplemented with 0, 50, or 100 mM lac-
tate and succinate; and A. pyogenes and Veillonella spp. from media 
supplemented with 150 mM lactate and succinate. Findings illustrate 
that incubation atmosphere and metabolites added to media may influ-
ence the final bacterial flora of cultures from cecal contents. Findings 
also demonstrate that cecal contents of broilers entering processing fa-
cilities may contain bacteria that have been shown to play important 
roles in the production of some substances that can inhibit the growth 
of foodborne pathogens.

Key Words: broilers, ceca, bacteria, processing

M12 Performance of broiler chickens fed corn-soy diets without 
or with the inclusion of fibrous protein ingredients, supplemented 
with carbohydrases and protease Luis F Romero*1, Ceinwen E Gil-
bert1, V Ravindran2 1Danisco Animal Nutrition, Marlborough, Wilt-
shire, United Kingdom (Great Britain), 2Massey University, Palmerston 
North, Manawatu-Wanganui, New Zealand

A study was conducted to evaluate the utilization of exogenous car-
bohydrases and protease in broiler diets without or with the inclusion 
of fibrous protein ingredients. Day-old male Ross 308 broiler chicks 
(n=480) were allocated to 4 treatments with 6 replicate pens per treat-
ment (20 chicks/pen). Two types of control diets were formulated; 
a corn/soy control diet and a mixed control based on corn/soy/corn-
DDGS/canola meal. Both control diets contained 500 FTU phytase/kg. 
The diets were either unsupplemented or supplemented with an enzyme 
combination containing 2000 U xylanase /kg, 200 U amylase /kg, and 
4,000 U protease /kg (XAP; Axtra XAPTM, Danisco Animal Nutrition). 
A starter diet was fed from 1 to 21 days and a finisher diet from 22 to 
42 days of age. The diets were fed as mash ad-libitum. Feed intake and 
bird weights were measured on days 0, 21, and 42. A factorial analysis 
was performed using a generalized linear model. Significant differences 
were assessed at P<0.05. Neither the main effects of enzyme and diet 
type, nor their interaction on BW gain were significant from 0 to 42 d 
of age. However, an interaction on BW gain was evident from 0 to 21 
d, with the enzyme increasing growth only in the mixed diet (1,110 vs. 
1,069 g). There was a significant main effect of enzyme on BW cor-
rected FCR from 0 to 42 d (1.556 vs. 1.617 g/g in the control diets), and 
a significant interaction, where the effect of enzyme was greater in the 
mixed diet (-0.095 g/g) compared to the corn-soy control diet (-0.026 
g/g). Similarly, a significant effect of enzyme and a significant interac-
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tion with diet were evident for calorie conversion from 0 to 42 d. XAP 
supplementation reduced calorie conversion from 4,889 to 4,787 kcal/
kg BW gain in the corn-soy diet, whereas it reduced calorie conversion 
from 4,993 to 4,753 kcal/kg BW gain in the mixed diet. These results 
indicate that the effects of XAP supplementation on broiler FCR and 
calorie conversion were greater in mixed diets compared to corn-soy 
diets when phytase was included in the background.

Key Words: broiler, diet type, performance, enzyme, corn-DDGS

M13 Live Production and Carcass Characteristics of Broilers Fed 
a Blend of Poultry Fat and Corn Oil Derived from Distiller’s Dried 
Grains with Solubles (DDGS) E.J. Kim*1, J.L. Purswell2, J.D. Davis3, 
R.E. Loar, II4, K. Karges4 1ARS-USDA, Poultry Research Unit, Missis-
sippi State, MS, 2USDA-ARS Poultry Research Unit, Mississippi State, 
MS, 3Department of Agricultural and Bioengineering, Mississippi State 
University, Mississippi, MS, 4POET Nutrition, Sioux Falls, SD

The objectives of this study were to evaluate the effects of a poultry fat 
(PF) and a new DDGS-derived corn oil (CO) on live performance and car-
cass characteristics of 49 d broilers. Four corn-soybean meal based diets 
were formulated with differing blends of PF and CO and fed to 6 replicate 
pens of 42 birds each. For each of the 3 feeding phase, all diets contained 
the same percentage of total fat, but differed in the composition of the fat 
blends. Diet 1 consisted of 100% PF while portions of fat in Diets 2, 3, 
and 4 were replaced with 25%, 75%, and 100% CO, respectively. On d 
49, birds were processed and carcass, abdominal fat pad, and breast (fil-
let weights were determined. For the starter phase (0-18 d), there were 
no differences (P ≥0.05) in BW, BW gain, feed intake (FI) and FCR for 
birds fed the four treatments. For the grower phase (0-35 d), birds from 
treatments fed 75:25 (PF:CO), had increased (P ≤0.05) BW, BW gain, FI 
and decreased FCR. Birds fed diets with 0:100 (PF:CO) also saw the same 
significant increase in BW and BW gain; however, FCR was significantly 
higher for these birds when compared to the birds fed the 75:25 (PF:CO) 
diets. There were no significant differences for the finisher phase (0-48 d) in 
BW, BW gain, FI, and FCR, but there was a trend where the 75:25 (PF:CO) 
resulted in an improvement in live production parameters. Pellet quality 
(PDI) of the grower and finisher pellets were improved with increasing 
amounts of CO (P ≤0.05). On d 49, live weights for birds fed the 0:100 
(PF:CO) diets were lower (P ≤0.05) versus all other treatments, with a trend 
for lower carcass and breast weights and increased abdominal fat content. 
Results indicate that addition of a new DDGS-derived CO may improve 
broiler performance when blended with PF.

Key Words: Poultry fat, corn oil, broilers

M14 Performance of broiler chickens fed a diet supplemented with 
Zinc (Zn) sourced from polysaccharide complex Zn (SQM® Zn) or 
inorganic ZnSO4 at levels of 0, 20, 40, 60, 80 and 100 ppm M. D. 
Sims*1, J. E. Garrett2 1Virginia Diversified Research Corp, Harrison-
burg VA, 2QualiTech, Inc., Longmont, CO

A 42-day broiler floor pen study was conducted to compare the body 
weight (BW), feed conversion ratio (FCR), mortality, feed cost/pen ($FD/
PEN), and feed cost/lb of body weight gained ($FD/GN) of broilers fed a 
single diet supplemented with 0, 20, 40, 60, 80 or 100 ppm Zn from zinc 
sulfate (ZnSO4) or SQM® Zn for a total of 11 treatment groups. Cobb 500 
straight-run chicks (2,640) were randomly assigned to 88 pens (30 chicks/
pen; 8 pens/treatment). Pens were 1.22 x 1.52 meters, and stocking density 
was 0.0619 m2 (0.67 ft2) per bird (based on pen dimensions only without 
considering equipment). The mash type, corn-soy basal diet had 20% crude 
protein and 3,142 kcal ME/kg. The 42-d BW of 20 ppm ZnSO4 (2.058 kg) 
and 40 ppm ZnSO4 (2.154 kg) groups were not different (p≥0.05) but both 
were lower (p<0.05) than 60 ppm ZnSO4 (2.179 kg) and 80 ppm ZnSO4 
(2.29 kg) groups; 100 ppm ZnSO4 (2.201 kg) was not different (p≥0.05) 
from 40 ppm ZnSO4 but was greater (p<0.05) than 20 ppm ZnSO4 group. 
The 42-d BW of 20 ppm SQM® Zn (2.139 kg) was lower (p<0.05) than all 
other SQM® Zn groups with the exception of 100 ppm SQM® Zn (2.201 
kg) which was not different (p≥0.05) from any of the SQM® Zn groups. 
Comparisons of BW of broilers fed same Zn levels but different sources 
21 and 42 d were not different (p≥0.05) with the exception of the 40 ppm 
SQM® Zn (2.212 kg) having a greater (p<0.05) 42-d BW than 40 ppm 
ZnSO4 (2.154 kg). The 21-d FCR of 20 ppm ZnSO4 (1.380) was lower 
(p<0.05) than 20 ppm SQM® Zn (1.480). The 42-d FCR of 60 ppm SQM® 
Zn (1.795) was lower (p<0.05) than 60 ppm ZnSO4 (1.870). April-May 
2011 feed ingredient prices were used. The $FD/PEN of 20 ppm SQM® 
Zn ($34.440) was higher (p<0.05) than 20 ppm ZnSO4 ($33.096). The 
$FD/GN of 60 ppm SQM® Zn ($ 0.227) was lower (p<0.05) than 60 ppm 
ZnSO4 ($0.241). Mortality ranged from 0.0% to 1.79% by treatment and 
was unaffected by Zn level or source. It was concluded that BW, FCR, 
$FD/PEN, $FD/GN, and mortality of broilers fed organic Zn sourced from 
SQM® Zn, a polysaccharide complex Zn, was equal to or better than com-
parative results for broilers fed inorganic Zn sourced from ZnSO4. The 
findings of this observation show that SQM-Zn can be supplemented in 
broiler feeds at lower levels than inorganic Zn without performance loss-
es making it a cost effective alternative to inorganic Zn.

Key Words: SQM®, ZnSO4, organic, floorpen, broilers

Nutrition I

M15 Effects of phytase and xylanase supplementation on ileal di-
gestibility and growth performance of female broilers from 1 to 32 
d of age Curran Gehring*1SC, Mike Bedford2, William Dozier, III1 1Au-
burn University, Auburn, Alabama, 2AB Vista Feed Ingredients, Marl-
borough, Wiltshire, United Kingdom (Great Britain)

This experiment evaluated the interactive effects of phytase and xy-
lanase supplementation on standardized ileal amino acid digestibility 
(SIAAD), ileal digestible energy (IDE), and 1 to 25 d growth perfor-
mance of female broilers. Treatments consisted of a 4 × 4 factorial 
arrangement of phytase (0, 500, 1,000 and 2,000 U/kg) and xylanase 
(0, 8,000, 16,000, and 32,000 U/kg) concentrations. One thousand one 
hundred and fifty two (12 per battery cage; 0.45 m2 per bird) Ross × 
Ross 708 chicks were randomly distributed to 96 cages (6 replicates per 
treatment). Experimental diets (enzyme-supplemented corn-soybean 
meal-based basal diet with 0.50% TiO2) were provided from 1 to 32 

d of age. On d 32, digesta from the distal ileum (4 to 30 cm upstream 
from the ileocecal junction) was collected from 8 birds per cage. Feed 
and digesta were analyzed for TiO2, amino acid (AA), and gross energy 
content. No significant (P > 0.05) effects of xylanase were observed on 
any variables evaluated. Birds responded to phytase with linear (P ≤ 
0.03) increases in IDE and digestibility of all AA with the exception of 
His and Met (P > 0.05). Digestibility of energy and AA were increased 
(P < 0.05) in birds fed diets with 1,000 but not 500 U/kg phytase. The 
most prominent increases in SIAAD were observed for Cys (1.1 and 
1.5%), Ile (0.8 and 1.0%), Ser (1.0 and 1.2%), and Thr (0.8 and 0.8%) 
in birds fed diets with 1,000 and 2,000 U/kg phytase, respectively. Birds 
fed diets supplemented with phytase at 1,000 U/kg exhibited IDE 26 
kcal per kg above those fed the basal diet. Linear increases in cumula-
tive BW gain (P < 0.001) by 31 and 51 g per bird were observed with 
diets having 1,000 and 2,000 U/kg phytase, respectively. Feed intake 
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increased proportionally with no significant (P > 0.05) effects on feed 
conversion ratio. These results indicated that birds fed diets containing 
1,000 U/kg phytase exhibited increased SIAAD and IDE which result-
ed in increased BW gain.

Key Words: phytase, xylanase, ileal digestibility, performance

M16 Effect of a protease on a commercial carbohydrase when fed 
to broiler chickens. I B Barasch*1SC, J L Grimes1, P E Biggs2, J D Gar-
lich2, J J Wang2 1North Carolina State University, Raleigh, NC, 2BioRe-
source International, Inc., Morrisville, NC

Anti-nutritional factors in grains, such as wheat and barley, can de-
crease digestive efficiency thus decreasing the nutritive value of the 
feed ingredients. Exogenous enzymes, such as carbohydrases (CH) and 
proteases, can be added to animal feed to improve the nutrient utili-
zation of these ingredients. This can lead to an improvement in feed 
conversion (FCR) and body weight gain (BWG). A challenge of us-
ing enzymes in combination is the possibility of interactions between 
the enzymes. The objective of these studies was to determine whether 
the protease reduced the effectiveness of the carbohydrase. Two stud-
ies were conducted with Ross 708 broiler chicks raised to 3 or 4 wk. 
Birds were raised with ad libitum access to feed and water and were 
assigned to 1 of 6 wheat-barley-based dietary treatments: study 1 (30% 
wheat-20% barley) and study 2 (15% wheat-40% barley). In both stud-
ies the diets met NRC and breeder recommendations for all nutrients 
including protein and amino acids. The treatments consisted of a posi-
tive control with high fat, a negative control with low fat, and low fat 
diets containing a commercially available CH, protease, or both. Birds 
and feed were weighed weekly to calculate BWG and FCR. At the end 
of each study ileal digesta content was collected and viscosity was mea-
sured. There were 8 birds per pen with 6 replicate pens per treatment. 
Data were analyzed using GLM with means separated using LS means 
(P<0.05). In Study 1 there were no differences in BWG or FCR. In 
Study 2, the birds fed diets containing CH addition had a significantly 
higher gain per bird during weeks 1 and 2 compared to the PC and NC 
(429 and 430g respectively, vs. 393 and 378g). Birds fed the CH re-
sulted in significantly improved FCR during week 1 when compared to 
the NC (1.077 vs. 1.180). In both studies the viscosity was reduced with 
the inclusion of CH compared to the NC. The data from these studies 
show that there was no interference of the protease on the CH activity 
and that the protease used in this study can be used in combination with 
commercial carbohydrases.

Key Words: wheat, barley, viscosity, carbohydrase, protease

M17 Dietary calcium, phosphorus and phytase effects on broiler 
performance during a natural exposure to Clostridium perfrin-
gens Diego Paiva*1SC, Carrie Walk2, F.W. Pierson3, Rami Dalloul1, 
Audrey McElroy1 1Virginia Tech Department of Animal and Poultry 
Sciences, Blacksburg, Virginia, 2AB Vista, Marlborough, Marlborough, 
United Kingdom (Great Britain),  3Virginia-Maryland Regional College 
of Veterinary Medicine, Blacksburg, Virginia Medicine

Diet composition and nutrient balance can have a critical impact on in-
testinal integrity during exposure to enteric pathogens. The objective of 
this study was to evaluate dietary Ca, P, and phytase on broiler perfor-
mance during exposure to Clostridium perfringens. Day old, Cobb 500 
male broilers were weighed and randomized into 8 treatment groups (9 
replicates pens/treatment with 32 birds/pen). The 35 d trial was designed 
as a 2 x 2 x 2 factorial which included 2 levels (0.6% and 0.9%) of a 
highly soluble Ca source, 2 levels of available P (0.3% and 0.45%), and 
2 levels of phytase (0 and 1000 FTU/kg). Day old birds were placed on 
dirty litter from a previous flock that exhibited clinical signs of necrotic 
enteritis (NE). Birds and feed were weighed on d 12, 19 and 35, and body 

weight (BW), BW gain (BWG), feed intake (FI), and feed conversion 
(FC) were calculated for each of these periods and cumulatively. Mortal-
ity was recorded daily, and pH of the gizzard, duodenum and jejunum 
were measured on d 12, 19 and 35. Significance is reported as P < 0.05. 
Birds began exhibiting clinical signs of NE on d 9, and elevated NE-
associated mortality persisted until d 26. Mortality was influenced by the 
main effects of dietary Ca or phytase. Dietary Ca supplemented at 0.90% 
or 1000 FTU/kg phytase increased mortality compared to 0.6% Ca or 0 
FTU/kg phytase, respectively, from d 0 to 19. Feed intake and FC were 
affected by Ca x P interaction. From d 0 to 19, diets with 0.9% Ca and 
0.3% P decreased FI and improved FC compared to 0.9% Ca and 0.45% 
P, while FI and FC were similar in birds fed diets with 0.6% Ca regardless 
of P level. Calcium x P x phytase influenced BW or BWG from d 0 to 
12. In general, birds fed 0.9% Ca and 0.45% P with phytase were heavier 
compared to birds fed 0.6% Ca, 0.45% P, and phytase. Calcium at 0.90% 
increased gizzard (d 19) and jejunum (d 12) pH. The results suggest a 
high level of soluble Ca in the diet may influence NE associated mortal-
ity. In addition, bird performance was affected by interactions of Ca, P, 
and phytase during the exposure to C. perfringens and NE outbreak.

Key Words: Necrotic enteritis, calcium, phosphorus, phytase

M18 Inclusion of Allzyme SSF® in brown layer diets containing 
up to 30% distillers dried grains with solubles (DDGS) reduces the 
detrimental effects on shell quality Anthony D. Quant*SC, Anthony J. 
Pecatore, James L. Pierce, Tuoying Ao, Austin H. Cantor, Micheal J. 
Ford, W. D. King Alltech/University of Kentucky Nutrition Research 
Alliance, Lexington, KY

An experiment was conducted to evaluate the effect of including up to 
30% DDGS in brown layer diets with or without an enzyme supplement 
(Allzyme SSF®, Alltech, Nicholasville, KY) throughout an entire produc-
tion cycle (60 weeks production). This experiment utilized 288 Hy-Line 
Brown hens that were randomly allotted to five dietary treatments (12 
hens per replicate group). Dietary treatments included a 1) positive control 
(corn-soybean meal), 2) 15% DDGS, 3) 15% DDGS + 150 g/ton Allzyme 
SSF®, 4) 30% DDGS, and 5) 30% DDGS + 150 g/ton Allzyme SSF®. In 
comparison with the positive control diet, diets containing DDGS were 
calculated to contain reduced levels of AME (2877 vs. 2794 Kcal/kg), Ca 
(4.22 vs. 4.10%), and available P (0.29% vs. 0.17% for the 15% DDGS 
diet, and 0.23% for the 30% DDGS diet). Six eggs from each replicate were 
randomly selected every 4 weeks for determination of egg quality. Dietary 
inclusion of DDGS resulted in a significant decrease in shell weight when 
compared with the positive control (P<0.01), however this effect was al-
leviated by the addition of Allzyme SSF® to diets containing 15% DDGS. 
Similarly, shell breaking strength was reduced by the inclusion of DDGS 
compared to the positive control (P<0.01). This effect was eliminated by 
the addition of Allzyme SSF® to diets containing 15% DDGS (P<0.01). 
Humerus breaking strength was significantly lower than the positive con-
trol in diets containing 15% DDGS (P=0.03), however values for the tibia 
breaking strength were unaffected by dietary treatment. The inclusion of 
DDGS resulted in increased Haugh unit values compared with the positive 
control (P=0.02). Yolk color was affected by DDGS inclusion, regardless 
of enzyme inclusion, as L* (lightness) values decreased, and a* (redness) 
and b* (yellowness) values increased as dietary DDGS inclusion increased 
(P<0.01 for all). Hen body weight however, was significantly lower than 
that of the positive control for all diets containing DDGS (P<0.01). There 
was no effect of dietary treatment on egg weight, yolk weight, albumen 
weight, hen body weight, feed conversion, and hen day production through 
60 weeks of production. This study indicates that the detrimental effects 
on shell quality from brown layers fed DDGS may be alleviated by the 
addition of Allzyme SSF®.

Key Words: DDGS, brown egg layers, egg quality, shell quality
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M19 The influence of supplemental fat and enzyme inclusion on 
the performance of Bovan Robust laying hens Joshua Hamburg*SC, 
Amy Batal, Robert Beckstead University of Georgia

Fat inclusion has been shown to decrease gut transit time, which in-
creases the energy availability of the diet; this is known as the extra 
metabolic effect of fat. Enzymes, specifically xylanases are available 
commercially to reduce gut viscosity by breaking down non-starch 
polysaccharides, which improves availability and absorption of nutri-
ents. Thus, the objective of this study was to determine the effects of fat 
and enzyme inclusion on passage rate, apparent metabolizable energy, 
and true metabolizable energy, egg production, feed intake, and body 
weight. A 3 x 2 x 2 factorial study was conducted in which a standard 
corn, soybean meal, wheat midds based diet was fed to 384 Bovan Ro-
bust laying hens at 24 weeks of age for 16 weeks. Excreta were col-
lected for AME determination and passage rate was measured by first 
appearance of chromic oxide, an indigestible marker. The experimental 
diets contained one of three levels of supplemental fat: 0%, 1.5% and 
3% and one of two levels of enzyme: no enzyme or xylanase at 0.2lbs/
ton. Each of the six diets were fed ad libitum and were also fed at 90% 
of the daily ME requirement, defined by the management guide. Diets 
were formulated to meet the birds digestible amino acid requirements; 
however the ME of the diets varied with fat inclusion. The calculated 
ME of the control diet (0% fat and no enzyme) was 2,600 kcal/kg and 
the ME increased 126 kcal/kg for every 1.5% inclusion of fat. After be-
ing acclimated to individual wire cages, hens were weighed and fed one 
of the six experiment diets. Egg production and mortality were mea-
sured daily, feed intake and body weight were measured every 4 weeks. 
Carcass composition was determined at the end of the experiment. Egg 
production was not affected by fat level or enzyme inclusion. Body 
weights did increase with enzyme and fat inclusion and the hens had 
higher body fat composition than the hens fed the diets with less ad-
ditional fat. TMEN and AME values increased as fat level increased and 
also with the addition of the enzyme.

Key Words: Egg Production, Fat, Passage Rate, TME, AME

M20 The effect of dietary phytic acid and phytase on performance 
and small intestinal health of coccidia-vaccinated broilers Regina 
Lehman*1SC, Hannah Wladecki1, Carrie Walk2, Aaron Cowieson3, Au-
drey McElroy1C 1Virginia Tech, Blacksburg, Virginia, 2AB Vista, Marl-
borough, United Kingdom (Great Britain),  3The University of Sydney, 
Camden, NSW, Australia

Broiler performance, apparent ileal amino acid digestibility (IAAD), 
and small intestinal pH and morphology were evaluated in a 2 x 2 x 2 
factorial design with dietary phytic acid (PA), phytase, and a live coc-
cidia oocyst vaccine. Day old broilers were either spray-vaccinated 
with a live vaccine or received no vaccine. Birds were weighed, placed 
in 72 floor pens (31 birds/pen, 9 replicate pens/treatment) for 28 d, and 
given access to one of four diets: low PA without phytase, low PA with 
1000 FTU/kg phytase added over the top, high PA without phytase, and 
high PA with 1000 FTU/kg phytase added over the top. Low and high 
PA diets were formulated to contain 0.21 and 0.29% phytate-P, respec-
tively, while maintaining similar available P levels. The only interac-
tion for performance was for mortality where a three-way interaction 
(P = 0.0145) among treatments was seen. There was an interaction (P 
= 0.0117) between phytase and PA on pH in the proximal ileum where 
low PA without phytase increased pH and addition of phytase decreased 
pH. Vaccination reduced (P ≤ 0.05) the pH of the distal duodenum and 
proximal and distal ileum. In general, IAAD was reduced (P ≤ 0.05) 
by vaccination or high PA. However, on d 28, IAAD was increased 
(P ≤ 0.05) by high PA or by phytase. Vaccination generally increased 
(P ≤ 0.05) crypt depth (CD) and decreased (P ≤ 0.01) villus height to 

crypt depth ratio (VCR). An interaction (P = 0.0077) occurred between 
phytase and vaccination in the duodenum where vaccinated birds with-
out phytase had longer villi than non-vaccinated birds with or without 
phytase. On d 7, phytase decreased CD (P ≤ 0.05) and increased (P ≤ 
0.01) VCR. Phytic acid decreased (P ≤ 0.05) villi height and CD in 
the duodenum and decreased (P = 0.0011) CD in the ileum. It can be 
inferred that addition of phytate and phytase to nutritionally adequate 
diets can alter intestinal morphology and pH. Phytase at 1000 FTU/
kg may improve intestinal morphology, IAAD, and change pH in the 
gastrointestinal tract by alleviating the anti-nutrient effects of phytate, 
especially in young broilers.

Key Words: phytic acid, coccidia, phytase, intestinal health, broiler

M21 Effect of low phytate and normal phytate soybean meal and 
dietary corn particle size on male broiler performance and nutri-
ent digestibility to 21 days of age B. Nusairat*1SC, R. Qudsieh1, C. R. 
Stark1, V. R. Pantalone2, J. Brake1 1North Carolina State University, 
Raleigh, NC, 2University of Tennessee, Knoxville, TN

A 2 X 2 factorial experiment was conducted to compare the effect of 
Normal (NP) and Low Phytate (LP) varieties of soybean meal in the 
presence of either 50% coarse (Coarse) or 100% fine (Fine) particle size 
corn on male broiler performance to 21 d of age in battery cages. From 
1 to 9 d, all birds received two prestarter diets (Coarse or Fine) but with 
the same source of soybean meal. From 9 to 21 d birds received either 
NP-Coarse, NP-Fine, LP-Coarse, or LP-Fine treatment diets. There 
were 8 pens of 8 broilers each for each interaction cell from 9 to 21 d. 
The cage BW, BW gain, feed intake (FI), feed conversion ratio (FCR), 
gizzard and proventriculus weights, ileal and fecal nitrogen (N), and fe-
cal total phosphorus (P) were measured. Although BW (208 versus 203 
g) and FCR (1.10 versus 1.13 g:g) were improved with Fine diets at 9 d 
of age this difference did not persist to 21 d of age. There were no main 
effects of LP versus NP that persisted to 21 d of age as well. However, 
upon necropsy at 21 d of age, the LP diets produced a lower proventric-
ulus weight while the Coarse diets produced larger gizzards and smaller 
proventriculus weights. The LP diets produced less ileal but more fecal 
total P as well as less phytate P. The LP diets also produced less fecal 
N. The Coarse diets produced less ileal but more fecal moisture, less 
ileal N, and less ileal and fecal phytate P. Examination of the interaction 
means revealed that the greatest proventriculus weight was with the 
NP-Fine combination, which could suggest a difference in ingesta pH 
or digestive function that could affect endogenous phytate hydrolysis. 
This conjecture was supported by the finding that ileal and fecal phytate 
P was less in the NP-Fine than NP-Coarse diets and both were greater 
than in the presence of LP diets. Results of the current study indicated 
that feeding 50% coarse particle size corn reduced digestion of phytate 
P in NP diets but had no effect in LP diets in the presence of similar live 
performance in cages.

Key Words: broilers, low phytate, soybean meal, phosphorus, feed par-
ticle size

M22 Effect of roller mill ground corn inclusion and litter type on 
broiler performance and fecal characteristics Yi Xu*SC, Charles 
Stark, Peter Ferket, John Brake Department of Poultry Science, NC 
State University, Raleigh, NC

Previous research has shown that the addition of coarse-ground grain 
altered broiler gizzard motility in battery cages, while the availability 
of litter may also influence gizzard motility in floor pens. Thus, a 49-d 
floor pen study was conducted to evaluate the effect of coarse-ground 
corn and litter type on broiler performance and fecal characteristics. 
A total of 1024 1-d-old male broiler chicks were used in a random-
ized complete block design experiment with a factorial arrangement 
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of two dietary levels of coarse corn (0 and 50%) and two litter forms 
(finely ground old litter and new wood chip litter). Each treatment was 
assigned to 8 replicate pens of 32 birds. A portion of the corn and all 
soybean meal were ground with a hammermill (2.4 mm screen) to ~400 
μ, while the coarse corn was ground to with a roller mill to ~1350 μ. 
Feed consumption and BW were determined at 14, 28, 35, and 49 d 
of age and FCR was calculated by including BW of mortality. Dietary 
inclusion of coarse corn reduced feed intake throughout the experiment 
without affect on BW. Consequently, dietary inclusion of coarse corn 
improved 1-49 d FCR in comparison to fine grind corn (1.87 vs 1.92, 
p<.05). Mortality rate was also reduced among birds consuming diets 
containing coarse corn (5.86 versus 3.52%, p<.05). New litter improved 
FCR only 1-14 d. Mortality rate was reduced by new litter among birds 
fed the fine-ground corn diet (7.03 vs. 4.69%, p<.05). Litter nitrogen 
(N), moisture, pH, and temperature were measured at 49 d. Fecal N 
was lower (3.05 vs. 2.81%, p<.05), litter moisture was lower (40.0 vs. 
35.9%, p<.05), and fecal pH was higher (8.13 vs. 8.68, p<.05) from 
birds fed the coarse corn diet. Litter form had no affect on fecal char-
acteristics. The results of this study confirmed dietary inclusion of 50% 
coarse corn significantly improved FCR and reduced fecal N without 
adversely affecting BW, while coarse litter had a marginal benefit on 
broiler growth performance.

Key Words: broilers, corn particle size, litter texture, growth perfor-
mance, N emission

M23 Evaluation of ESBM and corn particle size on broiler per-
formance Wilmer Pacheco*SC, Charles Stark, John Brake, Peter Fer-
ket North Carolina State University, Raleigh, NC

Recent research has focused on the optimal particle size of cereal grains 
but there is limited information on the effects of SBM particle size on 
broiler performance. Previous research has shown that increasing the 
particle size of the expeller-extracted soybean meal (ESBM) in pelleted 
diets helped to negate the negative effects of trypsin inhibitors. We hy-
pothesized that increasing the particle size of ESBM and/or corn will 
improve efficiency of nutrient utilization and growth performance in 
broiler chicks. The objective of this study was to evaluate two particles 
sizes of ESBM and corn on broiler performance, and ileal protein and 
fat digestibility. The experiment was a 2 x 2 factorial of ESBM particle 
size (coarse-1290 and fine-470 µm) and corn particle size (coarse-1330 
and fine-520 µm). A total of 256 male 1-d old broiler chicks were ran-
domly assigned to one of four dietary treatments with 8 replicate cages 
per treatment and 7 birds per cage. The birds were fed a starter diet in 
mash form. Feed consumption and BW were determined at 7 and 19 
d of age and adjusted feed conversion (AdjFCR) calculated by using 
the weights of all dead birds. At 21d ileal digesta was collected for de-
termination of protein and fat digestibility. Birds fed fine ESBM had a 
higher BW at 19d than birds fed coarse ESBM (809 vs. 774 g, P<0.05). 
Likewise, birds fed fine corn had a higher BW at 19 d as compared to 
birds fed coarse corn (829 vs. 755 g, P<0.01). Birds fed fine ESBM had 
a higher FI at 19d than birds fed coarse ESBM (945 vs. 906 g, P<0.05). 
Similarly, birds fed fine corn had a higher FI at 19 d than birds fed 
coarse corn (951 vs. 900 g, P<0.01). A significant ESBM x corn particle 
size interaction revealed that birds fed fine ground ESBM and fine corn 
had significant lower ileal protein digestibility than the other treatments 
(84.8 vs. 86.1, 87.2, 86.2%, P<0.01). The results of this study suggest 
that large ESBM and corn particles (>1300 µm) depressed FI, which 
resulted in lower BW in starting chicks (1-19 d), but improved ileal pro-
tein digestibility and had a marginal positive effect on fat digestibility.

Key Words: Particle size, expeller-extracted SBM, ileal digestibility, 
cages, trypsin inhibitors

M24 Effect of incorporation of DDGS and canola meal to turkey 
diets on the dietary electrolyte balance, performance, and litter 
moisture Mahmoud Farahat*1SC, El-Sayed Hassanein2, Walaa Abdel-
Razik2, Sally Noll1 1University of Minnesota, St. Paul, MN 2Faculty of 
Veterinary Medicine, Zagazig University, Zagazig, Sharkia, Egypt

The following study determined if chloride addition to diets varying in 
alternative products could shift the dietary electrolyte balance to levels 
that could adversely affect turkey performance and litter moisture. A 
total of 990 tom Nicholas turkeys were used from 2-14 wks of age. 
The poults were arranged at random into 99 pens (10 poults/pen). In 
a factorial design, there were three diet sets (corn-soy-meat (CSM), 
CSM+20% DDGS, CSM+20% DDGS+10% canola meal) and three 
chloride levels (.22, .32, .42%) making nine dietary treatments with 11 
replicates per treatment. Diets were formulated to be isocaloric with a 
similar digestible amino acid content. There were four feeding phases 
(2-5, 5-8, 8-11, and 11-14 wks of age). Individual BW and pen feed 
residues were measured at each phase to determine the average BW, 
ADG, daily feed intake, and feed efficiency (F/G). Samples of litter 
were collected at end of 11th and 14th wks of age for measuring mois-
ture. ANOVA was conducted to determine statistical significance of diet 
set and chloride level and their interaction on performance. During 2-14 
wks, no differences were observed in BW and ADG. Birds fed diets 
with DDGS or DDGS with canola meal consumed 6.0 % more daily 
feed (P> 0.05) than those fed CSM. No differences were found for chlo-
ride or diet x chloride interaction for BW, ADG, or feed intake. Feed 
efficiency was higher (P>0.05) for birds fed diets containing DDGS or 
DDGS with canola meal. A diet by chloride interaction was found for 
F/G. During 8-14 wks of age and only in diets with DDGS and canola 
meal, increased chloride significantly increased F/G by 3% in compari-
son to low chloride. Litter moisture increased by 6.5 and 8.0 % in diets 
with DDGS or DDGS with canola meal respectively in comparison to 
CSM (P>0.05). It can be concluded that considerable attention should 
be paid to the dietary electrolyte balance and chloride level during in-
corporation of DDGS with canola meal in turkey diets as chloride levels 
higher than 0.22% could be detrimental to feed efficiency.

Key Words: turkey, electrolyte, chloride, DDGS, canola meal

M25 Effect of roller mill ground corn inclusion and litter type on 
broiler performance and fecal characteristics Charles Stark*SC, Pe-
ter Ferket, John Brake Department of Poultry Science, NC State Uni-
versity, Raleigh, NC

Previous research has shown that the addition of coarse-ground grain 
altered broiler gizzard motility in battery cages, while the availability 
of litter may also influence gizzard motility in floor pens. Thus, a 49-d 
floor pen study was conducted to evaluate the effect of coarse-ground 
corn and litter type on broiler performance and fecal characteristics. 
A total of 1024 1-d-old male broiler chicks were used in a random-
ized complete block design experiment with a factorial arrangement 
of two dietary levels of coarse corn (0 and 50%) and two litter forms 
(finely ground old litter and new wood chip litter). Each treatment was 
assigned to 8 replicate pens of 32 birds. A portion of the corn and all 
soybean meal were ground with a hammermill (2.4 mm screen) to ~400 
μ, while the coarse corn was ground to with a roller mill to ~1350 μ. 
Feed consumption and BW were determined at 14, 28, 35, and 49 d 
of age and FCR was calculated by including BW of mortality. Dietary 
inclusion of coarse corn reduced feed intake throughout the experiment 
without affect on BW. Consequently, dietary inclusion of coarse corn 
improved 1-49 d FCR in comparison to fine grind corn (1.87 vs 1.92, 
p<.05). Mortality rate was also reduced among birds consuming diets 
containing coarse corn (5.86 versus 3.52%, p<.05). New litter improved 
FCR only 1-14 d. Mortality rate was reduced by new litter among birds 
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fed the fine-ground corn diet (7.03 vs. 4.69%, p<.05). Litter nitrogen 
(N), moisture, pH, and temperature were measured at 49 d. Fecal N 
was lower (3.05 vs. 2.81%, p<.05), litter moisture was lower (40.0 vs. 
35.9%, p<.05), and fecal pH was higher (8.13 vs. 8.68, p<.05) from 
birds fed the coarse corn diet. Litter form had no affect on fecal char-
acteristics. The results of this study confirmed dietary inclusion of 50% 
coarse corn significantly improved FCR and reduced fecal N without 
adversely affecting BW, while coarse litter had a marginal benefit on 
broiler growth performance.

Key Words: broilers, corn particle size, litter texture, growth perfor-
mance, N emission

M26 Evaluation of energy values of various oil sources when fed 
to broiler chickens G Raj Murugesan*1SC, Brian Kerr2, Michael Per-
sia1 1Iowa State University, Ames, IA 2USDA-ARS-NLAE

A digestibility study was conducted using Ross 308 chicks to deter-
mine the nitrogen-corrected apparent metabolizable energy (AMEn) 
of various lipid sources in broiler chickens. The 22 dietary treatments 
were comprised of 7 different oil sources (soy oil, corn oil, choice-
white grease, poultry fat, methyl soyate esters and 2 different blends of 
animal-vegetable fat) fed at either 3, 6 or 9% inclusion rates, in addition 
to a basal diet that did not contain fat. The treatment diets were prepared 
from a corn-SBM basal diet which was formulated to meet NRC stan-
dards for young growing chicks. Each treatment was fed to 6 experi-
mental units (EU) of 4 chicks each. Chicks were provided a common 
basal diet until d 14 after which they were randomly allocated to EU and 
provided with experimental diets until d 21. Excreta samples were col-
lected for the last 2 days of the experimental period for AMEn analysis. 
The oil sources were analyzed for the proximate principles (crude fat, 
moisture, insolubles and unsaponifiables) and fatty acid composition. 
An equation for the slope of the regression line was formulated based 
on the AMEn digestibility of the oil sources at 0 (basal), 3, 6, and 9% 
inclusion rates. The AMEn, kcal/kg values were determined for each oil 
source from the equations and are as follows, Soy oil, 8,121;corn oil, 
7,801; choice-white grease, 8,883; poultry fat, 7,827; methyl soyate, 
7,975; AV blend-I, 8,092; and AV blend-II, 7,480. Direct comparison 
of the excess energy contributed by the 3% diets against the energy 
determined through the slope of the regression line equations for each 
of the oil sources provided an average of 69% increase over the energy 
value derived from the equations. This increase in estimated energy by 
difference in comparison to slope-ratio analysis can be attributed to an 
extra caloric effect of the additional fat due to increased digesta transit 
time and absorption rate of dietary energy.

Key Words: Broiler, Oil, Energy, Digestibility, Extra caloric effect

M27 Effects of calcium and phosphorus levels during the grower 
phase for Heritage broilers: bone mineralization, strength and leg 
health M.J. Da Costa*1SC, E.O. Oviedo1, M.R. Dalmagro1, P.L. Mente2, 
K.N. Claassen1, A. Mitchell3, H Engster4, R. Mitchell4 1Department of 
Poultry Science, North Carolina State University, Raleigh, NC, 2De-
partment of Biomedical Engineering, NC State University, Raleigh, 
NC, 3USDA, ARS, ANRI, Beltsville, MD, 4Perdue Farms Inc., Salisbury, 
MD

One study was conducted to evaluate the effects of calcium (Ca) and 
non phytate phosphorus (nPP) levels during the grower phase (18 to 35 
d) on bone biomechanical properties, and leg abnormalities of Heritage 
broilers. Common starter and finisher diets were fed from 1 to 17 and 
36 to 49 d of age, respectively. Treatments consisted of 16 diets con-
taining combinations of 4 levels of Ca (0.46, 0.62, 0.78, 0.94%) and 4 
levels of nPP (0.23, 0.30, 0.37, 0.44%). 1,920 male and female chicks 

were distributed in 64 pens. At 35 d, legs were collected, bone strength 
was evaluated in 3-point bending test, and tibial dyschondroplasia 
(TD) scores were recorded. Gait scores and prevalence of leg prob-
lems were obtained at 49 d. Legs were also collected at 49d and bone 
mineral content and density (BMC and BMD) evaluated by DEXA. 
Thighs and drumsticks were mechanically deboned and TD scores reg-
istered. Data were analyzed as a completely randomized block design 
by response surface methodology. Male tibia ash increased (P≤0.01) 
as Ca and nPP levels rose, though in females only Ca had linear effect 
(P≤0.01) on bone mineralization. nPP levels had a linear effect (P≤0.01) 
on male BMC and BMD. Female bone strength in 3-point bending test 
was affected (P≤0.01) by Ca*P interaction, and linearly (P≤0.01) by 
Ca in males. Interaction effect (P≤0.05) of Ca and nPP was observed 
on crooked toes incidence, and the occurrence of severe valgus condi-
tion was quadratically affected (P≤0.05) by nPP levels in the grower 
diet. At 35 days, TD incidence was affected quadratically by nPP levels 
(P≤0.05). Incidence of bone breakage in drumstick automatic debon-
ing was affected quadratically by Ca (P≤0.05). No significant effects of 
treatments were observed on gait scores. It was concluded that Ca and P 
in grower diets influenced bone traits and leg problems prevalence, yet 
did not influence walking ability in Heritage broilers.

Key Words: Calcium, Phosphorus, Bone traits, Mechanical deboning, 
Locomotion issues

M28 Evaluation of carryover effects of dietary lysine intake by 
Cobb 500 broiler breeder hens on progeny live performance Leo-
nel Mejia*SC, Keyla Lopez, Christopher McDaniel, Holly Parker, Alex 
Corzo Mississippi State University, Mississippi State, MS

Two experiments were conducted to examine the progeny performance 
of broiler breeder hens that were fed diets differing in dig Lys. A total 
of 240 Cobb 500 broiler breeder pullets and 40 cockerels, 20 wk of age, 
were used for each experiment. In Experiment 1, treatment diets were 
fed from 35 to 45 wk of age. Treatment 1 and 2 diets were formulated 
with commonly used feed ingredients and had dig Lys daily intakes of 
1,200 (IDL) and 1,010 mg/hen/d (ID), respectively. Treatments 3 and 
4 were composed of semi-purified diets formulated to contain dig Lys 
intakes of 1,010 (SPL) and 600 mg/hen/d (SP), respectively. Chicks 
corresponding to eggs collected from wk 42 were grown to 56 d of 
age. Chick weight at hatch was lower (P<0.05) for those that came 
from the SP and SPL-fed hens, but 42 and 56 d BW was similar for 
all treatments. Marginal improvements (P<0.10) in FCR were seen at 
42 and 56 d for chicks from ID-fed hens compared to IDL hens. For 
Experiment 2, diets were fed to hens from 24 to 42 wk of age. Treat-
ment 1 was a corn-soybean meal-based diet formulated to have a dig 
Lys intake of 1,000 mg/hen/d (CS1,000). Treatments 2, 3, and 4 had the 
inclusion of DDGS with dig Lys intake levels of 1,000 (DDGS1,000), 
800 (DDGS800), and 600 (DDGS600) mg/hen/d, respectively. Progeny 
performance was evaluated from eggs collected at wk 26, 31, and 36. 
Chick hatch weight was similar for all 3 hatches. Birds from hens at 26 
wk and fed DDGS600 diets resulted in lower (P<0.05) BW, carcass and 
breast weight, and higher (P<0.05) back half weight, at 42 d of age. No 
effects were observed for any parameter at 56 d. Growout studies per-
formed on eggs laid during wk 31 and 36 revealed that dig Lys intake 
levels fed had no effect on live performance or carcass characteristics 
of the progeny. In conclusion, the results from Experiments 1 and 2 
were not complementary of each other. Therefore, the potential impact 
of dietary Lys in the breeder hen diet on progeny performance should 
be further evaluated.

Key Words: broiler breeder, lysine, progeny
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M29 Investigation of Cambylobacter jejuni in the air of laying hen 
flocks Marwa Ahmed*1,2SC, Jochen Schulz1, Jörg Hartung1 1Institute 
for Animal Hygiene, Animal Welfare and Farm Animal Behaviour, 
University of Veterinary Medicine Hannover, Foundation, Germany 
2Departement of Animal Hygiene and Zoonoses, Faculty of Veterinary 
Medicine, Mansoura University, Mansoura, Egypt

Cambylobacter is one of the most important food-borne pathogens world-
wide. The main source of infection for humans is poultry and its products. 
It can be transmitted within or between poultry flocks e.g. through feed, 
water, wild birds or rodents. Little is known about the transmission by air. 
This paper reports about trials to detect Cambylobacter jejuni in the air of 
colonized laying hen flocks by plate count culture and PCR analysis.

Air samples were collected with five bioaerosol sampling techniques in 
five different laying hen houses. Impingement (AGI-30), wet cyclone-
technology (Coriolis® sampler), sedimentation (settled plate method), 
impaction (KS 102) and air filtration (IOM sampler) were applied. Three 
consecutive samplings were conducted in each animal house. Furthermore, 
30 cloacal swabs and one pooled litter sample were taken from each flock 
to confirm colonization of hens and contamination of the animal houses. 
Samples were processed within 2 hours and C. jejuni was cultivated on 
selective media according to ISO 10272-1: 2006(E). Presumptive isolates 
were confirmed by mapA PCR. The same PCR was used to detect C. jejuni 
in the airborne dust of filter samples.

C. jejuni was isolated and cultivated from cloacal swabs and pooled litter 
samples from all investigated laying hen houses. The number of positive 
cloacal swabs ranged from 9 to 20 indicating a high within flock preva-
lence. C. jejuni was detected in three out of five flocks in airborne dust by 
PCR. Culturable C. jejuni could not be found in any of the air samples. The 
results show that DNA of C. jejuni can be found in airborne particles of 
colonized laying hen flocks. Culturable cells could not be detected in the 
air. It is assumed that desiccation or the relatively high oxygen concentra-
tion in normal ambient air may have stressed the cells during sampling 
and processing. Future research should include investigations on the influ-
ence of air sampling methods on the survival of airborne C. jejuni in order 
to improve the risk assessment of airborne transmission of these micro-
organisms.

Key Words: C. jejuni, laying hen, bioaerosol, mapA PCR

M30 Effect of 50% coarse corn inclusion in pelleted diets on broiler 
performance to 49 days of age. S. Auttawong*SC, Y. M. Lin, X. Yu, P. R. 
Ferket, C. Stark, J. Brake North Carolina State University, Raleigh, NC

Previous experiments have shown that addition of coarse corn to a broiler 
starter diet slowed feed consumption, altered gastrointestinal tract function, 
and increased gizzard weight of 14-d-old male broilers in cages. A litter 
floor pen experiment was conducted to evaluate the effect of dietary in-
clusion of coarse corn on the performance of male and female broilers to 
49 d of age. Day-old Ross 708 broiler chicks were used in a randomized 
complete block design experiment and assigned to a factorial arrangement 
of treatments consisting of 2 dietary inclusion levels of coarse corn (0 and 
50% of total dietary corn) and two sexes (male and female). Each of the 4 
experimental treatments was replicated with 16 pens of 18 birds each. A 
portion of the corn and all soybean meal were ground with a hammer mill 
to 227 microns (2.4 mm screen) while the coarse corn was ground with a 
roller mill to 1200 microns. Feed consumption and BW were determined 
at 14, 35, and 49 d of age and adjusted feed conversion ratio (AdjFCR) 
was calculated by including BW of mortality. Dietary inclusion of coarse 
corn significantly reduced BW and feed consumption at 14 and 35 d, but 
this difference was no longer apparent at 49 d of age. However from 35-49 

d, broilers fed the coarse corn had better AdjFCR than those fed the fine 
ground corn (2.11 versus 2.20 g:g), mostly attributed to males (2.01 versus 
2.16 g:g) during this period. As expected, growth performance of males 
was better than females except for mortality rate (4.86 versus 1.74%). 
Males exhibited smaller relative gizzard and proventriculus weights at 49 
d of age than did females. The results of this study confirmed that although 
dietary inclusion of coarse corn had a negative effect on feed intake and 
BW during the starter and grower phases, this was compensated for by a 
positive effect on efficiency of growth during the finisher diet phase, result-
ing in similar 49 d performance.

Key Words: broiler growth performance, corn particle grind size, gizzard, 
roller mill, hammermill

M31 Efficacy of feed additives to reduce the biological effects of natu-
rally occurring aflatoxin fed to chicks reared to 3 weeks of age. J E 
Nixon*SC, J E Grimes, J T Brake, C R Stark Department of Poultry 
Science, North Carolina State University, Raleigh, NC

Mycotoxins continue to be a major concern for the livestock industry with 
high levels of aflatoxin (AF) recently found in corn in several US states. A 
number of feed additives, while not specifically sold as toxin binders, have 
been formulated to reduce or negate the harmful effects of several myco-
toxins. The objectives of this study were to determine the effects of natu-
rally occurring mycotoxins on broilers raised to 3 weeks of age and to test 
the efficacy of feed additives to alleviate any negative effects from these 
dietary mycotoxins. In this study three different feed additives were tested: 
A - yeast cell culture and diatomaceous earth, B - aluminosilicate (added 
at low and high levels), and C- yeast mannans and yeast products (added 
at a low and high levels). There were 12 total treatments with 8 replicates 
per treatment. In this study 1152 male Ross 708 strain broiler chicks were 
raised to 3 weeks of age in 96 Petersime battery pens. A standard broiler 
starter diet was mixed with the exclusion of corn. This starter was then 
divided into two parts and corn was added, one with low aflatoxin (120 
PPB AF) corn and another with high aflatoxin (520 PPB AF) corn. Finally, 
the feed additives were combined into these low and high AF diets while 
maintaining non-amended controls at each level of AF. The 12 finished 
diets varied in AF with the low AF being 18-35 PPB and high AF being 
98-124 PPB. Feed additives were supplemented at recommended levels. 
Data were analyzed using GLM (P< 0.05). At 7, 14, and 21 d of age the 
high AF fed birds (149 ± 1.06, 406 ± 2.53, 809 ± 4.75 g) exhibited lower 
BW than did low AF fed birds (155 ± 1.06, 419 ± 2.53, 836 ± 4.75 g). The 
FCR at 8-14 d, 15-21 d, 8-21 d, and 0-21 d was poorer when birds were 
fed the high AF diets (1.07 ± 0.01, 1.53± 0.01, 1.35± 0.01, 1.33± 0.01) as 
compared to the low AF diet birds (1.06 ± 0.01, 1.48 ± 0.01, 1.31 ± 0.01, 
1.29 ± 0.01). Relative proventriculus and spleen weight was decreased due 
to higher levels of AF. Relative pancreas weight and hematocrit levels were 
negatively affected by the high AF diets. Overall bird performance was 
negatively affected due to the incremental increase in AF in the feed but the 
feed additives did not alleviate the relatively small negative effects of the 
increased level of AF in the feed to 3 wk of age.

Key Words: aflatoxin, mycotoxins, feed additives, broilers, toxin binders

M32 Effects of high concentration cholecalciferol-enriched diets on 
long term laying hen production, egg quality, and health Mallory 
Higgins*SC, Tong Wang, Linxing Yao, Michael Persia Iowa State Uni-
versity, Ames, IA

Vitamin D (D3) supplementation to laying hens is currently used to in-
crease Ca utilization and hen bone structural health. As the egg industry 
has increased D3 in hen feed, D3 content of the egg has increased as de-
termined by recent USDA studies. For this study, a 40-week experiment 
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was conducted using 360 Hy-line W-36 laying hens to investigate the 
impact of feeding D3-enriched diets on egg quality and production and 
hen health. The design consisted of 8 replicates of 5 treatments (control, 
9,700, 17,200, 24,700, and 102,200 IUs/kg feed), where the control had 
2,200 IUs/kg feed. Each replicate group contained 9 birds. Feed intake, 
egg production, feed efficiency, hen weight, mortality, egg weight, egg 
composition and functionality, shell weight, and specific gravity were 
measured during the course of the experiment. Statistical analysis was 
done with JMP and means were separated using a protected Student’s 
T test when significant differences were found. Feed intake and egg 
production were calculated for the 40 week period with no significant 
effect by high dietary D3 enrichment. Average feed intake and egg pro-
duction were 98.5±1.40 g/hen/day and 92.2%, respectively. Feed ef-
ficiency, hen weight, mortality, egg weight and mass, egg composition, 
shell weight and specific gravity were not affected by high D3 feeding. 
In addition to performance and egg quality data, eggs were collected 
during the 40 weeks for D3 analysis. Vitamin D concentrations were 
measured using a standard HPLC method. Each of the enriched diets 
had higher levels of D3 than the control group. Average D3 concen-
trations in egg yolks (in increasing order of diet) were 136.8, 636.8, 
1185.6, 1906.4, and 23471.6 IU/100g. Hens were monitored during the 
40 weeks and no signs of adverse health effects were noted with any of 
the treatments. The results suggest that increasing the D3 in hen diets 
does not adversely affect egg production or hen health and by increas-
ing the D3 in the diets, egg D3 content can be enriched, resulting in a 
value-added egg.

Key Words: vitamin D, layer, egg production, health

M33 Genomic characterization of growth-selected and randombred 
local chickens in Egypt Mostafa Helal*SC, Essam El-Gendy Cairo Uni-
versity, Giza, Giza, Egypt

A study was conducted to reveal the polymorphism and genomic vari-
ability detected by microsatellite markers in local chickens in Egypt. 
Two lines that have been developed by selection for high 6-week body 
weight for 8 selected generations as normally feathered (Line CE1), 
and naked-necks (Line CE3) were used as well as their corresponding 
randombred control lines (C2 and CE4). Twenty seven microsatellite 
markers were applied to the line DNA samples of the 6th, 7th and 8th 
selected generations. A steady increase in the genetic distance was es-
timated between each selected line and its corresponding genetic con-
trol line over subsequent generations. The genetics distance estimates 
between line CE1 and its control (Line CE2) were 0.22, 0.25 and 0.26 
in the 6th, 7th and 8th generations, respectively. The genetic distance be-
tween line CE3 and its control (Line CE4) reached to 0.16, 0.25 and 
0.30 in the corresponding generations. There have been several poly-
morphic and monomorphic loci in all lines. There were no significant 
differences between lines in the polymorphic information content and 
averaged 65%. The statistical analysis of a two-tail study revealed that 
sire families with significantly high 6-week body weight showed high 
frequencies of specific allelic bands in both selected lines, where their 
allele frequencies averaged 0.42, however the families with low 6-week 
body weight had specific allelic bands with frequency averaging 0.44. 
Several monomorphic and specific allelic bands that were shown in 
both selected lines differentiated them from their genetic control lines. 
It is concluded that the molecular information can be used to estimate 
selection progress and can be combined with the phenotypic and geno-
typic data in the statistical analysis for more accurate estimation of bird 
breeding values.

Key Words: genetic distance, growth, local breeds, microsatellite loci, 
polymorphism

M34 Comparison of ammonia emission rates, litter quality and 
microbiological fluctuations in commercial broiler facilities using a 
biological and a chemical litter treatment for two consecutive broiler 
flocks. D. B. Gholap*SC, K. S. Macklin, J. P. Blake, S. F. Bilgili 1Au-
burn University, Auburn, AL

Six commercial broiler houses (12.2x152.4m) were monitored for 2 con-
secutive flocks. Three houses were treated with Litter Guard (LG) 7 days 
before bird placement; 18.9L of LG in 378.5L of water. The other 3 houses 
were treated with Poultry Litter Treatment (PLT), 24 hours before bird 
placement, applied in the central brooding area at the rate of 24.4kg/100m 
square. For flock 1 litter samples were obtained before treatment applica-
tion and at 1, 8, 15, 22, 36 and 45 days of age at 4 equidistant locations 
in each house. For flock 2 litter samples were collected before treatment 
application and at 4, 11, 18, 25, 32, 39 and 46 days of age. Litter samples 
were analyzed for pH, moisture, water activity and microbiological analy-
sis. Microbiological analysis included determination of total aerobic, an-
aerobic, enteric, Cl .perfringens and E. coli counts (CFU/gm). A Drager 
CSM analyzer was used for ammonia measurement. Five hundred paws 
were assessed from each house and scored for quality from both flocks at 
processing. PLT significantly (P<0.10) reduced ammonia levels on day 1 of 
sampling as compared to LG (20.7 vs. 67.1ppm) for flock 1, whereas LG 
gave a significantly (P<0.03) lower ammonia value for flock 1 on day 18 
as compared to PLT. pH levels were significantly lower (P<0.10) on day 1 
with PLT for flock 1. PLT exhibited a lower pH for flock 2 on day 4 only 
as compared to LG. No significant differences in litter moisture levels were 
found for either flock. Water activity was significantly (P<0.10) decreased 
for the PLT treated houses on day 15 compared to LG in flock 2. Microbial 
counts (CFU/gm) did not show any significant differences (P>0.10) for ei-
ther flock. For flock 1 house 6 treated with PLT showed 60% score 1 paws 
with mild lesions and 9% score 2 with severe lesions while all other houses 
had 80% of paws with no lesions. For flock 2 house 3 treated with LG had 
43% paws of score 2 and all other houses had 80% of paws with score 1.

Key Words: Ammonia, litter treatment, paw quality

M35 Efficacy of foam treatments against Salmonella Typhimurium 
on  poultry contact surfaces Martia Ross*1SC, David Caldwell1, Morgan 
Farnell2 1Department of Poultry Science, Texas AgriLife Research and 
Extension, Texas A&M System, College Station, TX, 2Texas AgriLife Re-
search and Extension, Texas A&M System, College Station, TX

Salmonella Typhimurium is one of the leading causes of foodborne illness 
in the United States. These human infections are commonly implicated 
with contaminated poultry. A rigorous biosecurity program and the appro-
priate use of cleaners and disinfectants represent a mechanism for reducing 
environmental sources of pathogens. We hypothesized that foaming clean-
ers and disinfectants applied via a compressed air foam system (CAFS) 
may present a means to rapidly clean and disinfect poultry rearing facilities. 
The objective of the current study was to evaluate foam cleaners and dis-
infectants on surfaces commonly found within commercial poultry rearing 
facilities. Coupons of galvanized steel (walls) were coated with tryptic soy 
broth, as a source of organic matter, and then inoculated with Salmonella 
Typhimurium (ST). Treatments consisted of a positive control, water alone, 
foaming cleaner, foam concentrate, peracetic acid (PAA), quaternary am-
monium compound (QAC) and a QAC/glutaraldehyde blend (QAC/Glut). 
These products were freshly prepared on the day of each trial and diluted 
per the manufacturer’s recommendation. A foam concentrate was admixed 
to PAA, QAC and QAC/Glut. Pre and post treatment samples were col-
lected with environmental swabs pre-enriched with buffered peptone wa-
ter. Salmonella Typhimurium was reduced with PAA by 4.04 or 3.66 log/
CFU and foaming cleaner by 2.34 or 3.32 log/CFU for replicates 1 and 2, 
respectively, when compared to the positive control. When compared to 
water alone, no significant differences were observed with the QAC and 
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the QAC/glut treatments These data demonstrate that foaming cleaners and 
disinfectants may be used to reduce the environmental load of ST on sur-
faces commonly found in a poultry house.

Key Words: compressed air foam, cleaners, disinfectants,, Salmonella Ty-
phimurium, efficacy

M36 The Impact of Divergent selection for ascites incidence on Incu-
bation Hatch Window Alex Gilley*SC, I. Harford, S. Krishnamoorthy, 
J.G. Mason, N.B. Anthony University of Arkansas, Fayetteville, AR

There is documented association between incubator environment, chick 
quality, and ascites incidence in broilers. Because of this association, one 
could expect selection for ascites susceptibility to impact hatch character-
istics. The current study documents hatching times and post hatch growth 
from broilers derived from lines divergently selected 16 generations for 
ascites susceptibility under simulated high altitude conditions. Two one-
week hatches were incubated under industry conditions. At transfer all eggs 
were candled and infertile eggs and eggs containing dead embryos were 
removed. Beginning at 8 a.m. on day 20 of incubation and continuing in 4 
hour increments for up to 36 hours, trays were examined for newly hatched 
chicks. For each period, newly hatched chicks were banded, weighed, 
hatching time recorded and returned to tray. The tray was returned to the 
incubator to stimulate further hatching. After completion of the 36 hours 
hatch period all hatched chicks were then reweighed to determine the 
change in weight during their post hatch time in the incubator. All chicks 
were reared in a common environment and provided feed and water ad 
libitum. Weight measurements were taken at 3, 7, 14, 21, and 28 days of 
age post hatch in order to assess the association between hatch window, 
line and early growth. Differences in hatch window times were found be-
tween the three lines (Susceptible, Resistant, Relaxed). While all three lines 
hatched the most birds during the 12-20 hour intervals, the susceptible line 
on average hatched within 12.4 hr, the resistant 15.9 hr and 16.7 hr for the 
relaxed line. Chick weight at hatch and at pull were consistent with previ-
ous research with resistant higher than relaxed and susceptible line chicks. 
Selection for ascites susceptibility has altered hatch profile.

Key Words: Incubation, broilers, ascites, hatch window, growth

M37 Foot pad dermatitis and experimentally induced coccidio-
sis  in young turkeys housed with/without floor heating Amr Abd 
El-Wahab*1SC, Christian Visscher1, Sonja Wolken2, Andreas Beineke3, 
Martin Beyerbach4, Jean-Michel Reperant5, josef Kamphues1 1Insti-
tute of Animal Nutrition, University of Veterinary Medicine Hannover, 
Germany, 2Institute of Parasitology, University of Veterinary Medicine 
Hannover, Germany, 3Institute of Pathology, University of Veterinary 
Medicine Hannover, Germany, 4Institute of Biometry and Information 
Processing, University of Veterinary Medicine Hannover, Germany, 
5French Agency for Food, Environmental and Occupational Health & 
Safety, ANSES, Maisons-Alfort, France

Foot pad dermatitis (FPD) is of great concern to poultry production, last 
but not least as a well-being indicator. Basically, FPD is a type of contact 
dermatitis affecting the plantar region of the feet, with lesions surrounded 
by a reddening of the foot pads as a first symptom, followed by discoulou-
ration and hyperkeratosis often in combination with erosions and necrosis 
of the epidermis, with deep ulcers occurring in severe cases. Therefore, this 
study aimed to test the effects of using floor heating, exposure to litter with 
critical moisture content (35 %) and of an experimental infection with E. 
adenoeides on the severity of FPD in young turkeys. Two replicated trials 
were done, in each trial four groups à 20 of 2-week-old ♀ young turkeys 
being reared over 4 weeks. All birds were fed ad libitum on identical pel-
leted diets without anticoccidia. The first 2 groups were kept on dry wood 
shavings with and without floor heating; the other 2 groups were housed 
on wet wood shavings litter with critical moisture content (35 %) with and 

without floor heating. Only two birds in each group were experimentally 
infected with E. adenoeides (~50.000 oocysts/bird). Foot pads were as-
sessed weekly for external scoring according to Mayne et al. (2007) and at 
d 42 of life for histopathological scoring. The number of oocysts in excreta 
was determined repeatedly. At the experiment start (d 14) each bird had 
normal/healthy foot pads. Also, no birds shed oocysts prior to inoculation. 
Using floor heating resulted in significantly lower FPD scores (1.7 ± 0.7) 
compared with groups without floor heating (3.3 ± 1.1). Birds exposed con-
tinuously to wet litter (35 % water) showed significantly higher FPD scores 
(3.0 ± 1.3) compared with unexposed groups to wet litter (2.0 ± 0.9). The 
coccidial infection resulted in markedly decreased DM contents in excreta 
and litter (14.4 % and 53.8 %) in the group exposed to wet litter without 
using floor heating. However, using floor heating resulted in the highest 
mean DM content of litter (87.1 % ± 2.9) and also the highest body weight 
(2626 g ± 159) despite coccidial infection. The present results suggest that 
watery excreta caused by coccidial infection led to a poor litter quality and 
hence increased the severity of FPD which can be overcome by using floor 
heating.

Key Words: Foot pad dermatitis, litter quality, floor heating, E. adenoe-
ides, turkeys

M38 Concentrations of total aerobic and anaerobic bacteria in broil-
er litter, at varying locations within the house, conducted over a one 
year time. Z. Williams*SC, K. Macklin Auburn University, Auburn, AL

The purpose of this study was to determine differences in litter bacterial 
populations within a commercial broiler house. Parameters observed were: 
location within the house (exhaust fans, middle of house and evaporative 
cooling cells) bird age, sampling date, and flock number, in 3 houses on a 
single commercial broiler farm. One house contained used litter, while 2 
houses contained half new litter and half used litter. Grab samples were tak-
en at 14 and 35 days of flock age, birds were processed at 5 weeks. Project 
was initiated on July 10, 2010, conducted for a total of eight grow-outs con-
cluding on July 27, 2011. Samples were analyzed for total aerobic, anaero-
bic bacteria and litter moisture, by appropriate methods. Total aerobic bac-
teria were significantly affected by location within the house (P=0.0073), 
sampling date (P<0.0001), and flock number (P<0.0001). Total anaerobic 
bacteria were significantly affected by sampling date (P<0.0001), and flock 
number (P<0.0001). Litter moisture was significantly affected by sampling 
date (P=0.0006), bird age (P=0.0229), and flock number (P=0.0088). Both 
aerobic and anaerobic bacteria concentrations did not increase with se-
quential flocks as expected, significant differences observed appeared to 
be random. Aerobic bacteria were highest near the middle of the house, 
which was attributed to center house brooding used on this farm. Litter 
moisture was significantly higher at 35 days of age. However, no difference 
in bacterial load between 14 and 35 days of age was unexpected, this shows 
that once the microbial load in the litter reaches its peak it becomes stable. 
The data presented here shows that the bacterial load in litter will stabilize 
quickly, and changes little with seasons, sequential flocks or bird age.

Key Words: broiler litter, bacteria, management

M39 Evaluation of stress hormones, gross pathology, and cessation of 
movement in caged reared layers depopulated with a compressed air 
foam system John Hoffman*SC, David Caldwell, Kendre Stringfellow, 
Daad Abi-Ghanem, Luc Berghman, Jason Lee, Morgan Farnell Texas 
A&M University, College Station, TX

As with all areas of commercial poultry production, the commercial layer 
industry requires a humane and rapid means of depopulation to contain fast 
spreading, reportable diseases. A compressed air foam system (CAFS) has 
been developed for layer depopulation, but further research is needed to de-
termine if the technique is comparable to conventional depopulation meth-
ods. We hypothesized that the CAFS is as humane a depopulation method 
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as the carbon dioxide/poly tent asphyxiation method. The objective of this 
study was to evaluate serum corticosterone (ELISA), gross pathology (nec-
ropsy), and cessation of movement (accelerometer) in euthanized layers. In 
Trial 1, pullets and spent hens were used to collect corticosterone and gross 
pathology data. Treatment groups consisted of a negative control, carbon 
dioxide in a chamber, carbon dioxide in a pre-charged chamber, CAFS in 
layer cages, and CAFS in a chamber. Corticosterone data were statistically 
similar between treatments with the exception of the CAFS in a chamber 
treatment in one out of four replications. Pullets or hens showed no signs 
of respiratory trauma or drowning in any of the foam treatment groups fol-
lowing necropsy. In Trial 2, spent hens were used to determine cessation of 
movement following each of three treatments. Treatment groups consisted 
of carbon dioxide in a chamber, CAFS in layer cages, and nozzle aspirated 
foam in a floor pen. The CAFS and the nozzle aspirated foams took lon-
ger (P<0.05) for movement to cease when compared to the carbon dioxide 
control. Although time to cessation of movement increased (P<0.05) with 
the foam treatments, stress hormone did not increase overall. The increased 
time to cessation of activity may be due to the longer application time need-
ed to completely immerse birds in foam.

Key Words: foam, depopulation, corticosterone, carbon dioxide

M40 Influence on necrotic enteritis (NE) development of Distillers 
Dried Grains with Solubles (DDGS) KS Macklin*, WA Dozier III, LN 
Speegle Auburn University, Auburn, AL

Due to the exponential price increases with energy and amino acid con-
tributing ingredients, formulating broilers with distiller’s dried grains with 
soluble (DDGS) is becoming a common practice. There is evidence that 
DDGS can have a detrimental effect on poultry gut health. Previous work 
by our labs had shown a negative impact of increasing levels of DDGS 
on NE development. The objective of this study was to determine if the 
previously observed effects by DDGS on necrotic enteritis (NE) develop-
ment is repeatable. In this experiment 360 straight run broilers were evenly 
distributed into 36 battery pens (10/pen).These pens were then randomly 
assigned to one of four dietary treatments (9 replicates/treatment). The 
treatments were: 1) basal diet (Con), 2) Diet 1 plus monensin and bacitra-
cin (Con-Ab), 3) DDGS at 7.5% in the starter,15% DDGS in the grower 
(DDGS), 4) Diet 3 plus monensin and bacitracin (DDGS-Ab). On d 18 all 
of the birds were given a mixed Eimeria challenge. On d 21-23 all of the 
birds were administered C. perfringens via oral gavage. Pen fecal scoring 
was performed on days 22-28. On day 28 all of the birds were euthanized 
and intestinal lesion scoring for NE and coccidiosis was performed. Col-
lected data was analyzed using GLM and any significant differences (P 
<0.05) were further separated using Tukey&rsquo;s Multiple Comparison 
Test. There were statistically significant different fecal scores on d 22-25. 
On d 22 and 23 the non-Ab groups had higher fecal scores than either Con 
or DDGS. On d 24 and 25 DDGS-Ab had the lowest fecal scores among 
the treatment groups. An observable trend was that on the final three days 
(26-28) the two diets not containing antibiotics (Ab) had higher fecal scores 
than the two diets that did contain them. Cocci scoring showed that the two 
diets not containing Ab (0.99 and 0.83 for Con and DDGS, respectively) 
had significantly higher scores than DDGS-Ab (0.57), while CON-Ab 
(0.65) had an intermediate score with DDGS-Ab and DDGS. There was no 
significant difference in the intestinal NE lesion scores between treatments; 
however there was the trend that the two diets containing DDGS (0.44 and 
0.43 for DDGS-Ab and DDGS, respectively) had higher NE lesion scores 
compared to the CON diets (0.38 and 0.38, for Con-Ab and Con). The 
results from this experiment imply that DDGS may influence severity of 
NE development; however the addition of Ab (bacitracin and monensin) 
reduced the severity of both fecal scores and intestinal lesions.

Key Words: Necrotic enteritis, DDGS, C. perfringens

M41 Evaluation of LED lighting in broiler production Susan Wat-
kins* University of Arkansas Division of Ag Center of Excellence for 
Poultry Science, Fayetteville, AR

Lighting continues to be a significant energy cost for poultry producers 
with solid side wall or dark out curtain tunnel houses. Four light emitting 
diode (LED) technologies were evaluated at the Applied Broiler Research 
Farm unit as grow-out lights for broiler production for 5 consecutive flocks. 
LED bulbs evaluated include; A-a 10 watt, 400 lumen bulb with a 120 de-
gree light beam; B-a 15 watt, 900 lumen bulb with a 90 degree beam angle; 
C-a 6.7 watt, and a 510 lumen bulb with a 160 degree light beam. The 15 
watt LED was used for brood and grow lights while a 40 watt compact 
fluorescent (CFL) was used for brooding in combination with the other 
two LED bulbs. Average grow-out cycles were 46 days and these were 
compared to electrical use of houses using 75 watt incandescent bulbs for 
brooding and 60 watt incandescent bulbs for grow-out on a 44 day aver-
age grow-out cycle. When electrical use was compared, the 15 watt LED 
and 6.7 watt LED combined with the 40 watt compact fluorescent bulb 
used 85 and 86% less electricity (306 and 364 kwH), respectively, as com-
pared to the same barns when they had incandescent bulbs (2112 and 2594 
kwH). The 10 watt LED combined with the 40 watt CFL used 77% less 
electricity as compared to the incandescent bulbs (611 versus 2594 kwH). 
A performance index (PI) was calculated for each lighting technology by 
multiplying average bird weight at market age by livability then dividing it 
by (lighting electrical usage multiplied by estimated feed conversion multi-
plied by days to market weight). PI for the technologies was .356 and .2577 
for the incandescent houses (based on 75 and 90 bulbs per house), 1.987 for 
the 15 watt LED, 1.726 for the 6.7 watt LED/CFL combination and 1.02 
for the 10 watt LED/CFL combination. Results indicate the LED’s support 
competitive bird performance with a significant energy savings.

Key Words: LED, lighting, energy savings

M42 Air distribution in broiler houses when tunnel ventilating Brian 
Fairchild*, Mike Czarick University of Georgia, Athens, GA

High air speeds produced in tunnel ventilation provide approximately 80% 
of the cooling birds receive. Evaporative cooling, although important, pro-
vides less than 20% of the bird cooling, for this reason, it is important to 
understand how air speed in poultry houses is affected by house design 
and equipment. The study objective was to determine what factors affect 
cross-sectional air velocity distribution in tunnel-ventilated broiler houses. 
The study used a 15 anemometers arranged in a grid (ceiling to floor–wall 
to wall) located 50ft in front of the tunnel fans. In addition, anemometers 
were placed along the length of the tunnel inlet (at the evaporative cooling 
pad) to evaluate air distribution in the front of the house. To minimize the 
effect of fan and pad maintenance, measurements were made in broiler 
houses that were new.

Air speed is greatest at approximately 5ft from the floor and were higher in 
the middle of the house than along the side walls. This work indicates tak-
ing measurements over the feed lines closest to the side walls 5ft from the 
floor provides an accurate estimate of average house air speed. Air speeds 
evaluated in this study ranged from 550 to 800 ft/min. In an effort to in-
crease air speed fan capacity has increased over the last decade. As a result, 
the length of the evaporative cooling pad system has increased. This has 
caused larger areas in the front of the house where air speed is reduced. 
This “dead spot” area in the middle front of the poultry house increases as 
the pads increase in length. Air speed at the evaporative cooling pad area 
is greater on the fan end of the pads than near the end wall. Air speed is 
distributed more uniformly along the length of the pad if the tunnel door or 
tunnel curtain opening is reduced.

Key Words: Tunnel ventilation, Air velocity, Static pressure
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M43 Effect of Prebiotic, organic trace minerals, and a blend of pre- 
and probiotics on natural and acdquired maternal antibodies in chick-
en pullets Juan Carlos Rodriguez-Lecompte*, Peris Munyaka, Harold 
Echeverry, Mohammed Alizadeh, Alexander Yitbarek, Bill Guenter, James 
House University of Manitoba, Winnipeg, Manitoba, Canada

The present study was conducted to evaluate the effect of yeast derivate 
carbohydrate (YDC), organic trace minerals (OTM), and a blend of prebi-
otic/probiotic on natural (NAb) and acquired maternal antibodies (MAb) in 
chicken pullets. Four hundred one-day old chicks were randomly allocated 
to one of four dietary treatments: treatment 1 (T0) consisting of chicks re-
ceiving neither prebiotic, probiotic nor organic minerals; chicks in treatment 
2 (T2) received YDC, treatment (T3) consisting of chicks receiving low in-
clusion of a blend of OTM and treatment (T4) chicks receiving a blend of 
prebiotic (YDC), probiotic (Lactobacillus acidophilus, L. casei, Streptococ-
cus faecium, and Bacillus subtillis). The study lasted 6 weeks. On day 1 and, 
weeks 3, and 4, blood samples were collected and analyzed by ELISA for 
Newcastle disease virus (NDV), Infectious Bronquitis Virus (IB) and Infec-
tious Bursal disease virus (IBDV). In addition, blood samples were collected 
at weeks 5 and 6 for total NAb IgG (Y) concentrations. There were not sta-
tistical differences (P>0.05) between groups regarding specific NDV, IBV 
and IBDV maternal antibodies rate catabolism. However, at week 3 there 
was a significant difference (P<0.05) of maternal NAbs catabolic rate in T4 
that showed the lowest between groups. Interestingly, in weeks 4, 5 and 6 
there was production of new NAbs with not significant differences (P>0.05) 
implying not affected either by treatment or time. In conclusion, the admin-
istration of YDC, OTM and blend of YDC + Probiotics affect the catabolic 
pattern of NAbs catabolic rate in chicken pullets during the first three weeks 
post-hatch. YDC, OTM and YDC + probiotic effects on chick’s intestine 
may influence intestinal commensal microflora triggering sensor molecules 
of the innate immune system, which may induce local and systemic NAbs 
production. The presence of a blend of pre- and probiotic on the intestinal 
tissue may cause immuno-modulation, provoking the stimulation of B lym-
phocyte cells regulating immune response against microbe-associated mo-
lecular pattern.

Key Words: Yeast, Carbohydrates, Probiotic, Organic minerals, Pullets

M44 Impact of six different intestinal bacteria on broiler breeder 
sperm motility in vitro Melissa Haines*SC, Holly Parker, Chris McDaniel, 
Aaron Kiess Mississippi State University, Mississippi State, MS

Male fertility is most often evaluated using 3 sperm parameters: concentra-
tion, viability, and motility. In some mammalian species, including humans, 
sperm samples have been shown to have reduced motility when bacteria are 
present. In male broiler breeders, bacteria has been shown to be associated 
with spermatozoa, but their effect on motility has not been thoroughly in-
vestigated. Additionally, the sperm quality index (SQI) is a modern, rapid 
method of evaluating avian sperm motility. Therefore, the objective of this 
study was to use the SQI to determine if broiler breeder sperm motility is 
reduced when various bacteria are introduced to the ejaculate. In this ex-
periment, semen was collected from 20 Cobb MX broiler breeders by ab-
dominal massage. Individual semen samples were pooled and stored at room 
temperature on a rotary shaker to provide aeration. Six different intestinal 
bacteria, Salmonella enterica, Escherichia coli, Campylobacter jejuni, Clos-
tridium bifermentans, Lactobacillus acidophilus and Bifidobacterium ani-
malis were cultured overnight and used to determine if they inhibited the SQI 
of broiler breeder sperm. For each bacterium, 50µl of semen was diluted in 
450µl of saline, broth alone or broth containing bacteria creating a saline 
control, broth control, and broth containing bacteria treatment, respectively. 
In every treatment, 3 replicates were evaluated at each time post inoculation 
(0, 10, and 20 min) creating a completely randomized design with a split plot 

in time. All broths containing bacteria immediately reduced sperm motility 
when compared to the controls (P < 0.0001). Broths containing B. anima-
lis or L. acidophilus immediately and completely inhibited sperm motility. 
Although, broth containing S. enterica immediately reduced sperm motil-
ity, the reduction did not change over time. On the other hand, C. jejuni, C. 
bifermentans, and E. coli reduced sperm motility immediately, but as time 
passed the motility continued to decrease (P = 0.0043, 0.0001, and 0.0002, 
respectively). In conclusion, intestinal bacteria are capable of reducing the 
motility of broiler breeder sperm. It is also apparent that the degree to which 
motility is affected is dependent upon the bacteria and in some cases the 
length of exposure to the bacteria.

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

M45 Enhancement of sperm-mediated gene transfer and semen char-
acteristics by laser irradiation Mohamed Abdel-Fattah*1SC, Essam El-
Gendy1, Mona Mohamed1, Yahia Badr1, Mohamed Salama2 1Cairo Univer-
sity, Giza, Giza, Egypt, 2Ain Shams University, Cairo, Cairo, Egypt

An experiment was conducted to assess the use of laser irradiation to en-
hance semen characteristics and sperm-mediated gene transfer. Fresh semen 
samples of native Egyptian cocks were used. The samples were diluted with 
BPSE and were treated with lipofectin (5%), while a plasmid DNA was used 
as a genetic material. The semen samples were subjected to 655-nm continu-
ous diode laser at energy dose of 4 J/cm2. Spermatozoa reduction capacity 
was also evaluated by the reduction of tetrazolium dye MTT to the purple 
formazan pigment. Laser irradiation increased sperm reduction capacity by 
19.6% in semen treated with plasmid and the increase was only 6.4% when 
lipofectin was added to the semen treated with plasmid. The sperm motility 
was significantly the highest and reached to 75.7% in laser irradiated se-
men and insignificantly and slightly decreased to 72.3% when plasmid was 
conjugated. The sperm motility index was significantly the highest in laser 
irradiated samples with or without plasmid. Sperm viability was 81% for 
laser irradiated samples and significantly decreased to 77.9% when plasmid 
was conjugated. Lipofectin significantly reduced the viability and increased 
abnormality. The results indicated that the plasmid successfully invaded the 
sperm when semen samples were laser irradiated and no lipofectin was add-
ed. Also, plasmid was successfully transferred into the sperm in both samples 
containing lipofectin and with or without laser irradiation. It is concluded 
that laser irradiation with low power enhances semen characteristics, how-
ever the enhancement of gene transfer through sperm mediation is limited.

Key Words: fowl spermatozoa, laser irradiation, semen quality, sperm-me-
diated, gene transfer

M46 Novel method of producing chimeric chicks using piggyBac and 
JetPEI Brian Jordan*1SC, Mike Stark2, Robert Beckstead1 1University of 
Georgia, Athens, GA, 2Brigham Young University, Provo, UT

The chicken is a well-established model system for studying vertebrate em-
bryogenesis, but creating transgenics has proven difficult. Viral infections 
have been predominantly used to insert transgenes and have been moderate-
ly successful, however, the rate of germline infection is low and the virus is 
not easily manipulated in the lab. To increase efficiency and ease of produc-
tion we are using piggyBac, a transposable element (TE) system, paired with 
an in-vivo transfection reagent to generate transgenic chicks. The TE system 
utilizes a transposase enzyme, which recognizes a specific DNA sequence 
called a transposon. The enzyme excises the transposon from its original lo-
cation and inserts it into another genomic location. The transposon contains 
a constitutively expressed GFP gene for tracking of insertion by fluorescent 
microscopy. The TE system is delivered to cells using JetPEI, an in-vivo 
transfection reagent. JetPEI forms a bundle around DNA, which is endo-
cytosed by cells. Once inside, the bundles rupture and TE DNA is released 
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into the cell to integrate. The current question with this system is two-fold. 
First, is JetPEI able to transfect developing chick cells, namely germ cells 
and, second, will piggyBac efficiently integrate into the chick genome. To 
answer this question we prepared a mixture of in-vivo reagent with the pig-
gyBac TE system. This was injected into Stage X white leghorn embryos and 
incubated to hatch. A sample of hatched chicks was euthanized to determine 
GFP expression. Imaging showed GFP expression in multiple tissue types 
from all three germ layers. 6/19 males expressed GFP in the testes, which 
were sectioned and stained with antibodies to germ cells. Expression of GFP 
co-localized with positive staining from germ cell antibodies, showing that 
JetPEI will transfect germ cells. Long-term expression of GFP in multiple 
tissue types including testes indicates that piggyBac has stably integrated into 
the genome and is actively expressing the transgene. The efficiency and ease 
of manipulation of piggyBac in combination with JetPEI make this a power-
ful system for creating transgenic chicks.

Key Words: Transgenic, Transfection reagent, piggyBac, Embryogenesis, 
Germ cells

M47 Effects of in ovo injection of 25-hydroxycholecalciferol on bone 
mineralization in Ross × Ross 708 broilers A. Bello*SC, D. E. Rowe, M. 
R. Bricka, A. Parker, W. Zhai, E. D. Peebles Mississippi State University, 
Mississippi State, MS

The in ovo injection of 6, 12, 24, and 48 IU of 25-hydroxycholecalciferol 
[25(OH)D3] in broiler hatching eggs on d 18 of incubation has been pre-
viously shown to increase hatchability and to induce shifts in the growth 
pattern of Ross × Ross 708 broilers through d 21 post-hatch. The effect of 
these same dosages on broiler bone mineralization through that same time 
period was investigated in the current study. Eggs were individually weighed 
and set on 10 replicate tray levels of a single-stage incubator, with 21 eggs 
belonging to each treatment group represented on each tray. On d 18 of in-
cubation, each egg was subjected to one of 6 treatments, using a commercial 
multi-egg injector. Treatments included non-injected and 100 µL diluent-
injected controls, along with those that received 100 µL of diluent containing 
either 6, 12, 24, or 48 IU of 25(OH)D3. On d 0 and 21 post-hatch, left tibio-
tarsal bones was collected from one or more randomly selected chicks per 
sex (3 total from both sexes) within each treatment replicate group. Bones 
were ashed at 600 ºC for 8 h. One of the 3 ash samples in each treatment 
replicate group was digested using the EPA 3051 digestion method. The in-
dividually digested solutions were analyzed for calcium (Ca), potassium (K), 
magnesium, manganese, phosphorus (P), and zinc (Zn) concentrations using 
an ICP analyzer. The data were subjected to split plot analyses with treatment 
and sex as the whole plots split on day of sampling. On d 0, female chicks 
had higher Ca and P concentrations than males, whereas on d 21, males had 
higher magnesium concentrations than females. As the 25(OH)D3 treatment 
dosage increased from 6 to 48 IU, K, P, and Zn concentrations subsequently 
increased. On the other hand, Ca concentration decreased as the 25(OH)D3 
increased. The results of this study suggest that as the in ovo injected dose 
of 25(OH)D3 is increased from 6 to 48 IU, the bone concentrations of K, P, 
and Zn increase at the expense of Ca. It was also shown that sex influences 
the response of the mineral content of Ross × Ross 708 broilers to the in ovo 
injection of 25(OH)D3.

Key Words: 25-hydroxycholecalciferol, broiler, digestion, mineralization, 
tibiotarsus

M48 Comparative evaluation of air cell and egg shell temperature 
measurement methodologies for the estimation of embryo temperature 
in broiler hatching eggs W. Zhai*1, E. D. Peebles1, P. D. Gerard2 1Missis-
sippi State University, Mississippi State, MS, 2Clemson University, Clemson, 
SC

The current study was conducted to compare and contrast the uses of vari-
ous devices (temperature transponder or infrared thermometer) and their 

locations (inner air cell membrane or outer egg shell surface) in estimating 
embryo body temperature in Ross × Ross 708 broiler hatching eggs. The 
air cells of embryonated and non-embryonated eggs were implanted with 
temperature transponders on d 13.5 of incubation. Likewise, for these same 
eggs, egg shell surface temperature was detected with the use of transpon-
ders and an infrared thermometer. Temperatures were recorded every 12 h 
between 14.5 and 18 d of incubation. Mean air cell temperature readings 
of embryonated eggs using transponders were higher than those of the egg 
shell as determined with the use of transponders or an infrared thermometer. 
All readings in the embryonated eggs were higher than those in the non-
embryonated eggs. In non-embryonated eggs, transponder temperatures in 
the air cell were higher than those on the egg shell, and on the egg shell, 
transponder readings were higher than those from the infrared thermometer. 
Graphs and corresponding regression values were used to track temperatures 
every 12 h between 14.5 and 18 d of incubation. These readings confirmed 
increased embryo heat production during the incubational period examined, 
and correlations further confirmed positive relationships among the various 
device-location combinations within embryonated and non-embryonated 
eggs. It was concluded that the use of transponders in the air cells of broiler 
hatching eggs allowed for a closer estimation of embryo body temperature 
than egg shell surface temperature by circumventing the confounding effects 
of the thermal barrier properties of the egg shell and the flow of air across 
its surface.

Key Words: air cell, egg shell, embryo, temperature, transponder

M49 Effects of nicarbazin and increased photoperiod on blood glucose 
and liver glucose and glycogen concentrations in male broilers E. D. 
Peebles*1, K. Bafundo2, S. K. Womack1, W. Zhai1, R. Pulikanti1, L. W. Ben-
nett1 1Mississippi State University, Mississippi State, MS, 2Phibro Animal 
Health Corporation, Ridgefield Park, NJ

One-d-old Ross × Ross 708 male broilers from a breeder flock at peak egg 
production were tagged and placed in 12 individual pens. In 6 of the 12 pens, 
nicarbazin (NCZ) was added to basal broiler diets at a rate of 125 ppm (113.4 
g/ton), and the other 6 pens were control pens in which birds received sa-
linomycin instead of NCZ, at a rate of 66 ppm (60 g/ton). Feed and water 
were provided ad libitum, feed was closely monitored in all pens to avoid 
shortages, and no coccidial challenge was imposed. At the end of the trial, 
a photoperiod increase was imposed in an effort to induce post-traumatic 
stress due to feed engorgement. On d 0, 4, 12, and 13, bird body and feed 
weights on a pen basis were recorded for calculation of BW gain, feed intake, 
and feed conversion in age intervals. Mortality was also recorded on a daily 
basis. Blood glucose, liver weight, and liver glucose and glycogen content 
were determined on d 12 and 13. In response to NCZ, 0 to 4, 0 to 12, and 0 to 
13 d feed conversions were higher; whereas, 4 to 12 d BW gain, and 0 to 12 
and 0 to 13 d cumulative BW gains were lower. The added NCZ increased 
blood glucose on d 13, but did not affect at any time the liver constituents 
analyzed. In conclusion, the un-interrupted feeding of NCZ at 125 ppm in 
the starter and grower diets of male Ross × Ross 708 broilers increased feed 
conversion and reduced BW gain between d 0 and 13 of grow-out, whereas 
liver glucose and glycogen concentrations were not affected. Nevertheless, a 
16 h photoperiod increase may elicit an increase in the blood glucose levels 
of broilers fed NCZ.

Key Words: broiler, glycogen, liver, nicarbazin, photoperiod

M50 The impact of divergent selection for ascites on blood parameters 
of altitude challenged broilers. James Mason*1SC, A.D. Gilley1, I. Harf-
ord1, S. Krishnamoorty1, B. Huff2, G. Huff2, N.B. Anthony1 1University 
of Arkansas, Fayetteville, AR, 2USDA-ARS, Fayetteville, AR

Previous ascites research has indicated that increased hematocrit levels are 
significant to the diagnosis of ascites as the bird responds to oxygen chal-
lenge. Therefore, it is expected that divergent selection for ascites suscepti-
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bility should result in associated changes in hematocrit response to altitude 
challenge. Using broiler lines divergently selected 16 generations for ascites 
susceptibility broilers were raised at local altitude or exposed to hypobaric 
challenge (simulated 11,500 ft). In both environments birds were reared in 
identical cage systems and provided feed and water ad libitum. Beginning 
at hatch birds were bled in two week increments, to six weeks of age. The 
experiment was then duplicated (simulated 8000 ft) to slow the mortality 
rate and provide additional results for the research lines. Contrary to results 
reported in literature the ascites resistant line exhibited higher hematocrit lev-
els, than the random (control) or ascites susceptible line at both increases 
altitudes, while maintaining similar hematocrit levels at local altitude. These 
results may be indicative of hematocrit levels, being less influential in ascites 
development.

Key Words: Domestic fowl, Broilers, Ascites, Hematocrit, Altitude

M51 Preliminary studies in light turkey syndrome: histopathology 
of select gut and immune tissue. Alamanda Calvert*SC, Andre Ziegler, 
Sally Noll University of Minnesota, St. Paul, MN

Light weight Turkey Syndrome (LTS) as described by Minnesota turkey 
producers is characterized by flocks that are below weight at market. LTS 
is not well understood, although it is thought to originate during brooding 
and is seen primarily in toms. The purpose of this experiment was to deter-
mine if different characteristics were seen between heavy and light weight 
poults within flocks. Six commercial (CF) and two research flocks (RF) were 
sampled at 1, 2, and 3 wks of age. Four of the CF were raised in MN, two 
in ND and the RF were raised in brooder battery cages in MN. Heavy and 
light weight groups were characterized as 10-15% above or below the flock 
average sample weight. Four duodenal, ileal, cecal, bursal, splenic and eight 
jejunal tissues were scored per group. Tissues were fixed in 10% NBF and 
stained with H&E. Logistic regression (SAS 9.2) was used to determine 
flock, age and weight group effects. Tissues were scored for distribution and 
severity of lymphocytes (L) and heterophils (H). Distribution of L in the small 
intestine increased from 18% to 81% with sample age (P <.0001). At 2 wks 
of age, generalized L were present in the jejunum in 68% of heavy and 46% 
of light poults. In the ceca, 29% of heavy and 9% of light poults had severe L 
present (P<.005). Two CF had decreased H over time and more light poults 
with generalized H than heavy poults (P<.1). Generalized L necrosis of the 
bursa was present in 42% of light and 27% of heavy poults (P<.03). Bursal 
atrophy was higher in light (46%) versus heavy (19%) poults at 3 weeks of 
age (P<.02). All small intestine and immune tissue showed some differences 
among flocks (P<.05). Heavy weight poults appear to have a faster maturing 
and healthier immune system because of the presence of gut L. In contrast, 
light poults have increased gut H and bursal atrophy probably due to infec-
tion. The many differences seen among flocks in the gut and immune tissue 
demonstrate that this is a complex syndrome that most likely has different 
combinations of causes for each flock.

Key Words: turkey, tissue score, histopathology, growth depression, poult

M52 Effects of spray dosage of a live attenuated Mycoplasma gallisep-
ticum vaccine on the vaccination efficiency and associated in vivo M. 
gallisepticum populations in layers Roy Jacob*1SC, E. David Peebles1, 
Spencer Leigh2, Scott Branton2, Jeff Evans2 1Mississippi State Univer-
sity, Mississippi State, MS, 22USDA/ARS Poultry Research Unit, Mis-
sissippi State, MS

Live attenuated vaccines (LAVs) are commonly utilized within the table egg 
industry to limit economic losses associated with virulent Mycoplasma gal-
lisepticum (MG) outbreaks. To determine the effect of dosage of a recently 
released LAV, (Avipro® MG F) when applied via spray on vaccination ef-
ficiencies and in vivo MG populations, 240 mycoplasma-free Hy-Line W-36 
pullets were caged individually in a commercial layer facility with four rooms, 
60 birds per room, through 19 wk of age (woa). A randomized control study 
design was used. At 11 woa, birds of each room were spray vaccinated at one 
of 4 levels: 0× (negative control), 1×, 2×, or 4× of the manufacturer’s recom-

mended dosage. The reconstituted LAV source titer was 2.8 × 105cfu/1×dose. 
At 5 wk post-vaccination (p.v.) in vivo MG LAV populations were estimated 
via palatine fissure swabs and subsequent quantitative Taqman®-based Real 
Time PCR assays. At 7 wk p.v., all groups were challenged with the virulent 
MG strain Rlow. Vaccination efficiency was assessed pre-challenge (6 wk p.v.) 
by measuring seroconversion rates via Serum Plate Agglutination assays 
(SPA) and post-challenge by measuring the degree of airsacculitis in virulent 
MG-challenged birds. SPA results demonstrated a dose dependent response 
as 0%, 5%, 37% and 42% birds showing seroconversion in the 0×, 1×, 2× 
and 4× dosage groups, respectively. The incidence of detectable in vivo MG 
increased with higher dosages, but MG population estimates did not correlate 
directly with dosage. Viable in vivo MG populations were detected in all SPA 
positive birds. Following challenge, airsacculitis was observed in 36%, 32%, 
25% and 21% birds in the 0×, 1×, 2×, and 4× groups respectively, which also 
showed dose dependent protection. The results demonstrate that the dosage 
may have direct implications vaccination efficiency of AviPro® MG F.

Key Words: Layer, Vaccine, Mycoplasma gallisepticum, Quantitative PCR

M53 A comparative study of the virulence of different strains of His-
tomonas meleagridis in turkeys Mathew Abraham*SC, Larry McDou-
gald, Robert Beckstead The University of Georgia, Athens, GA

Histomonas meleagridis is a flagellated protozoan causing histomoniasis or 
blackhead disease, a great threat to the turkey industry with its heavy mor-
tality and morbidity. Aim of our experiment was to study the virulence of 
multiple strains of H. meleagridis by inoculating turkeys with strains isolated 
from Michigan and Buford (Georgia) and monocultures generated from the 
Buford strain. Two week old birds were weighed, banded and divided into 15 
groups of 10 birds with 12 groups infected with histomonas (20,000/1ml) by 
means of direct cloacal inoculation and 3 groups remaining uninfected. Each 
of the 4 strains of Histomonas Buford Pass 1(BP-1), Buford Pass 100(BP-
100), Buford monoculture 16(BM-16) and Buford monoculture 57(BM-57) 
were used to infect 3 replicate cages of 10 birds each. Unmedicated feed and 
water were provided ad-libitum. At 10 days post infection (dpi) birds were 
weighed, euthanized, necropsied and cecal and liver lesions were scored in 
0-4 scale based on the severity. Similarly, turkey poults grown for 4 weeks 
were weighed, banded and divided into 9 groups of 7 birds with 6 groups 
infected with Michigan strain of H. meleagridis (10,000/1ml) by means of 
direct cloacal inoculation. Among which, 3 infected groups were fed with 
feed mixed with Histostat 50. At 7 dpi birds were weighed, euthanized and 
necropsied and lesions were scored in 0-4 scale. Average lesion score of ce-
cum obtained for Control, BF 1, BF 100, BM 16 and BM 57 was 0, 1.5, 
0.67, 2.5 and 1 respectively. Average lesion score of liver was 0, 0.57, 0, 0.9 
and 0.07 and a weight gain of 615, 541, 597, 513 and 617 grams (g) for each 
group. For birds infected with Michigan strain, there were no lesions found 
for the control and Histostat fed group. Infected group of Michigan strain 
with unmedicated feed showed an average cecal and liver lesion score of 1.62 
and 0.33 respectively. Average weight gain of Control, MI infected and MI 
infected (Histostat) were found to be 375, 298 and 197 g respectively. From 
the above observations we found that BF-1 and BM-16 are more virulent on 
the experimental infection with Buford strain. Even though Histostat pro-
vides a complete protection against MI strain, it accounted for a decreased 
weight gain in our study.

Key Words: Histomonas meleagridis, Blackhead, Virulence, Turkey, His-
tostat

M54 Oral vaccination with modified chitosan and a synthetic 
Salmonella peptide induces mucosal immune response H.M. 
Fleming*SC, O.B. Faulkner, S. Shivaramaiah, M.J. Morgan, N.R. Pum-
ford, C. Lester, A.D. Wolfenden, L.R. Bielke, G. Tellez, B.M. Har-
gis University of Arkansas, Fayetteville, AR

A proprietary modification of chitosan was used as an adjuvant with a 19 
amino acid synthetic peptide sequence (NNP) conjugated to KLH to vac-
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cinate against a Salmonella challenge. Vaccination was delivered both sub-
cutaneously and in the drinking water (DW) to elicit an antibody response 
from poults and chicks. In experiment 1, poults were given a subcutaneous 
vaccination on day of hatch to prime a systemic IgG response, whereas, on 
d 4 DW was given to prime a mucosal IgA response in the gastrointestinal 
tract. Poults were boosted in the DW on d 14. In experiment 2, chicks were 
primed on d 1 and boosted on d 14 in the DW. At approximately 3 weeks 
of age, birds were challenged with Salmonella. Salmonella recovery from 
crop and ceca was determined 3 d post challenge. Vaccination with NNP 
significantly decreased Salmonella recovery in the crop by 75% compared 
to non-vaccinated control. However, vaccination did not affect Salmonella 
recovery from the ceca. NNP with a modified chitosan adjuvant injected 
subcutaneously elicited a robust IgG response in turkeys, but the NNP 
boost in the DW and oral Salmonella challenge did not induce an anamnes-
tic IgG response. Vaccination in the DW increased IgA post- Salmonella 
challenge in turkeys. In experiment 2, NNP DW vaccination increased IgG 
and IgA in chickens. IgG further increased after Salmonella challenge, but 
IgA was significantly reduced post-challenge, possibly suggesting that IgA 
is sequestered by the Salmonella bacterin. NNP administration in the DW 
elicited an IgA response that potentially will aid in Salmonella clearance. In 
conclusion, DW administration of NNP vaccine with a novel adjuvant in-
duced a mucosal immune response that may reduce Salmonella in poultry.

Key Words: Salmonella, vaccine, chitosan, oral vaccination

M55 The influence of broiler age, sex, and body weight on deep 
pectoral myopathy induction. Roger Lien*1, Sacit Bilgili1, Joe Hess2, 
Kellye Joiner1 1Auburn University, 2Department of Poultry Science, 
Auburn, AL

The influence of broiler age, sex, and BW on deep pectoral myopathy 
(DPM) induction by encouraged wing flapping (EWF) was determined. 
The EWF technique entails manually raising each broiler from about 1 to 
2 m and then immediately allowing it to essentially free-fall, with gentle 
guidance of both hands, back to 1 m. This is repeated 25 times (cycles) 
in about 40 sec. Each cycle stimulates a single bout of 4 to 6 flaps. About 
10 broilers/sex were subjected to EWF at either 26, 33, 36, 39, 42, 44, 
or 46 d. The assessment of DPM followed typical commercial slaughter 
procedures at 47 d. Carcasses were placed on their back, breast fillets 
removed, and tenders inspected. Data were analyzed for age, sex, and 
BW effects using PROC GLM. The LSMEANS test was used to com-
pare pairs of means when treatment effects were significant (P<0.05). 
There was a greater (P=0.0036) DPM incidence due to EWF in males 
(60%) than females (38%). However, DPM induction was influenced to a 
greater extent by age (P<0.0001). The EWF technique was ineffective at 

26 d, when only 8% of males and 0% of females developed DPM. Inci-
dence steadily increased to from 64 to 89% at from 42 to 46 d. Although 
the age by sex interaction was not significant (P>0.05) and incidence did 
not differ between sexes at 26, 39, 42, 44 and 46 d; it was greater in 
males than females at 33 d (P=0.0106; 46% vs. 0%, respectively) and 
36 d (P=0.0314; 61% vs. 19%, respectively). The BW of birds develop-
ing DPM was not greater within ages without regard to sex (P>0.05), 
or within ages and sexes (P>0.05). Based on regression analyses with 
respect to sex, age, and BW, DPM begins to become inducible by EWF 
in males at about 25 d and in females at about 31 d. These results indicate 
DPM susceptibility occurs about a wk earlier in male than female broil-
ers, is similar by 39 d, and is unaffected by BW.

Key Words: broilers, deep pectoral myopathy, susceptibility, induc-
tion, age

M56 Effects of feeding processed cassava waste meal on growth 
and apparent nutrient digestibility of broiler chickens. Stanley 
Omoh Omoikhoje*, Daniel Maya, Clement Ebanehita Isidahomen, Ero-
mosele Theophilus Ehebha Ambrose Alli University, P.M.B 14, Ekpo-
ma, Edo State, Nigeria

In an eight-week feeding trial, four broiler starter and finisher diets for-
mulated to contain 0, 15, 30 and 45% processed cassava waste meal 
(PCWM) were randomly assigned to a total of 144 Anak 2000 broiler 
chickens in a completely randomized design to assess their growth 
and apparent nutrient digestibility. Each treatment group contained 
three replicates of eight chicks each, thus making a total of twenty 
four chicks per treatment group. Results on the growth performance of 
broilers showed that only the average live weight was not significantly 
(P>0.05) increased with a corresponding increase in the inclusion levels 
of PCWM at the starter phase, but at the finisher phase all the growth 
performance indices except feed: gain ratio followed a similar pattern 
with that of the live weight at the starter phase. The nutrient digestibility 
results showed that only the apparent digestible ash was significantly (P 
<0.05) increased by the inclusion level of PCWM at the starter phase. 
At the finisher phase, the values of the apparent digestible dry matter, 
crude protein, crude fibre, ash and nitrogen free extract were signifi-
cantly (P<0.05) increased with corresponding increase in the inclusion 
levels of PCWM from 0 &ndash; 45%, whereas apparent digestible 
ether extract values were not affected by the test diet. The over all re-
sults showed that PCWM can successfully replace maize up to 45% 
level in the diets of broiler chickens without any adverse effect. Key: 
Broilers, cassava waste meal, growth, nutrient digestibility.

Key Words: Broilers, cassava waste meal, growth, nutrient digestibility

SCAD/Avian Diseases I

M57 The Avian Enteric Tract: Form, Function and Flora Stephen 
R. Collett* University of Georgia, CVM, Athens, GA

The primary objective of any poultry production system is to optimize 
the economic efficiency of converting poultry feed into human food. 
Highly successful breeding and selection programs have provided the 
platform for annual improvements in biological efficiency as measured 
by feed conversion. From a biological perspective, efficiency is deter-
mined by the anatomical structure of the intestinal tract (form), and 
the physiological process of digestion and absorption (funtion) (4). The 
degree to which the host genes governing intestinal form and function 
are expressed appears to be altered by the output of the resident micro-
biota (flora) (2).

The physical nature of both the intestinal lining and its content display 
detectable changes in the early stages of disease. Villus height to crypt 

depth ratios have for example been used to indicate intestinal integ-
rity (3; 5). This is possible because the length of an intestinal villus 
is kept constant by continuous enterocyte replacement. The delicate 
cells lining the intestinal tract are continuously exposed to potentially 
damaging luminal content and not surprisingly they require frequent 
replacement. It has been shown that the life span of a typical enterocyte 
is 3 to 4 days and consequently complete replacement of the intestinal 
epithelial lining occurs in this period of time by a process of cell di-
vision in the crypt area, sequential migration of the enterocyte to the 
tip of the villus and finally extrusion from the tip into the lumen (1). 
The body’s first homeostatic response to accelerated enterocyte attri-
tion is enhanced cell division in the crypt area and to achieve this, the 
crypt increases in size. It stands to reason that a slight decrease in villus 
height to crypt depth ratio in the abscence of any change in villus height 
is the first indicator that the conditions within the intestinal tract have 
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changed sufficiently to increase the rate of enterocyte attrition. This lev-
el of challenge seldom manifests as a change in nutrient assimilation or 
clinical disease because intestinal surface area is not affected, but does 
however indicate a shift from normal. While is impossible for even an 
experienced clinician to detect the change in the thickness of the intes-
tinal wall induced by an increase in crypt depth there are other changes 
that give insight into what is happening. Since even minor cell damage 
induces an inflammatory response, cell debris and inflammatory medi-
ates, including mucus, begin to accumulate in the lumen faster than 
normal. Apart from causing the villi to stick together and lose optimal 
alignment (visible to the naked eye) the mucus and cellular debris ac-
cumulates to the point where orange coloured mucus forms aggregates 
or strings within the lumen.

As the severity of the intestinal challenge escalates so too does the rate 
of enterocyte attrition. Villus height starts to decline when the rate of 
enterocyte destruction exceeds the maxim capacity for replacement. At 
this point the intestinal wall becomes detectably thinner and the intes-
tine loses muscle tone and tensile strength. The mucosal lining of the 
intestinal wall appears pale and dull giving it a parboiled appearance 
because of the plethora of dead or dying cells on the luminal surface. 
The inflammatory exudate makes the shortened villi clump together and 
their typical zigzag alignment is lost. At this stage there is sufficient 
reduction in surface area and enough villus damage to compromise in-
testinal function. There is a net efflux of water into the intestinal lumen, 
causing what is referred to as, watery enteritis. If the irritation persists 
of worsens, the enteritis becomes more chronic. There is an influx of 
inflammatory cells causing the gut associated lymphoid tissue to appear 
congested and the luminal content becomes dominated by mucus giving 
rise to a typical mucoid enteritis. At this stage enzymatic digestion and 
nutrient absorption is sufficiently compromised for bacterial fermenta-
tion of undigested nutrient to result in gas accumulation. Initially the 
intestinal content become foamy but as the ecology of the intestinal 
lumen deteriorates the destabilization of the microbiota manifests as the 
accumulation of free gas.

Changes in the composition of the intestinal microbiota have been as-
sociated with deterioration in intestinal function as measured by feed 
conversion efficiency. Dysbacteriosis, as it is commonly referred to 
in the poultry industry, became common place after the moratorium 
on in-feed antibiotics was introduced in the European Union. These 
undefined shifts in the intestinal microbiota are difficult to diagnose, 
even with advanced molecular techniques and yet they appear to be 
associated with visible intestinal changes. There are changes in the 
thickness, appearance, muscle tone and tensile strength of the intestinal 
wall. Signs of inflammation are evidenced by a parboiled appearance 
of the mucosal surface, the accumulation of inflammatory cell aggre-
gates, congestion and the development of a watery to mucoid exudate in 
the intestinal lumen. Gas by-products of bacterial fermentation provide 
confirmation of ecological disturbance.

Interestingly, the phenotypic expression, or community output, of the 
intestinal microbiota contributes to bird performance by influencing 
host gene expression and feed efficiency (2). This makes it is easy to 
see why a detrimental change in the intestinal microbiota structure and 
composition, regardless of cause, can result in a deterioration in gut 
health and bird performance. The intestinal tract and more specifically 
the caeca serves as a stable bioreactor which sustains a complex web of 
nutrient substrate conversion facilitated by secreted enzymes and resi-
dent organisms. The stability of the intestinal microbiota is consequent-
ly governed by the amount and type of substrate. As with any hindgut-
fermenter the chicken caeca is designed to support organisms that aid 
in digestion of the non-digestible components of the diet but unfortu-
nately, such conditions are very suitable for many of the common en-

teric inhabitants that are potential pathogens. An oversupply of nutrient 
to the hindgut rapidly changes the composition of the microbiota since 
the resident organisms are able to shift from steady-state to exponential 
growth phase. Potential pathogens such as Clostridium perfringens gain 
competitive advantage under such circumstances and rapidly dominate 
the microbial community thus compromising intestinal health.

Astute observation on the part of the clinician can provide enough 
information to detect and diagnose subclinical disease in apparently 
healthy birds if necropsy is performed on a small sample of individuals 
on a regular basis at very little cost.

Key Words: avian intestine, GI function

M58 Evaluation of a novel chicken astrovirus isolate in the 
pathogenesis of Runting Stunting Syndrome in chickens Kyung-il 
Kang*SC, Holly Sellers, Erich Linneman, Egbert Mundt PDRC, Univer-
sity of Georgia, Athens, GA

Runting and Stunting Syndrome (RSS) is an enteric disease of unknown 
etiology affecting young broilers. Weight suppression and lack of flock 
uniformity associated with diarrhea are observed with RSS. The dis-
ease was reliably reproduced using filtered intestinal homogenates from 
RSS affected broilers, implying a viral etiology. Recently we reported 
the presence of three chicken astroviruses (CkAstv) in the intestine of 
the affected broilers as determined by in situ hybridization (ISH). The 
isolation of a new CkAstv in cell culture enabled us to investigate the 
pathogenicity of this virus isolate in broiler chickens after infection and 
subsequent serial passage. To this end, one-day-old commercial broiler 
chickens were orally inoculated with the new CkAstv. Hatchmates were 
inoculated with cell culture media serving as a negative control. At 5 
days post inoculation, intestinal homogenates were collected. For the 
next passage, birds were orally inoculated with the homogenate ob-
tained from the previous passage until passage 4. At day 5 p.i., birds 
were weighed and formalin-fixed paraffin-embedded tissues of the 
duodenal loop were analyzed by ISH and microscopic examination. 
During the first passage where chickens were inoculated with the cell 
culture adapted CkAstv, no significant weight depression was observed 
in comparison to the control group. Interestingly, increased numbers of 
dilated cysts were present and the nucleic acid of CkAstv was detected 
in the crypt epithelial cells by ISH. During the following passages, us-
ing intestinal homogenates from the previous passage, 6 to 8 % weight 
retardation was observed in the groups originating from the CkAstv in-
oculated group. In all inoculated groups, a CkAstv specific RT-PCR and 
ISH was positive, and dilated cysts were observed. Our data provide 
strong evidence that a novel CkAstv is involved in RSS pathogenesis as 
it replicated in the crypt epithelial cells. Furthermore, it was concluded 
that the virulence of the cell culture adapted CkAstv changed during the 
passage as indicated by an increased weight depression.

Key Words: runting stunting syndrome, chicken astrovirus, passage, in 
situ hybridization, etiology

M59 Immunity against a virulent field isolate of ILTV induced by 
recombinant and modified live virus vaccines in commercial Lay-
ers Victor Palomino*SC, Guillermo Zavala, Sunny Cheng University of 
Georgia, Athens, GA

The main objective of this research was to establish the onset of immu-
nity and protection against Infectious Laryngotracheitis (ILT) induced 
by 6 different vaccination programs with recombinant and live-modified 
virus vaccines. One hundred and fifty Hy-Line W-36 commercial layers 
were randomly distributed in 7 and 8 groups of birds, vaccinated in var-
ious ways and challenged at 4 or 9 weeks of age, respectively. All the 
birds were vaccinated with the CVI988 Rispens) strain of Marek’s dis-
ease virus at day of age. In the case of the 4th week challenge study, the 
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following programs were included: non-vaccinated challenged (Group 
1); Pox-LT recombinant at hatch (Group 2); HVT-LT recombinant at 
hatch (Group 3); TCO at 2 weeks of age (Group 4); Pox-LT recom-
binant at hatch + TCO at 2 weeks (Group 5); HVT-LT recombinant at 
hatch + TCO at 2 weeks (Group 6); and non-vaccinated non-challenged 
(Group 7). For the 9th week challenge study the experimental groups 
were similar, except that the TCO vaccination was done at 4 weeks of 
age and an additional group received a CEO vaccine at 4 weeks (group 
7). Tracheal swabs were collected and clinical signs were evaluated at 5 
and 7 days post-challenge (DPC). Challenge virus concentration in the 
trachea was examined by qPCR. Clinical sign scores were compared 
statistically by Kruskal-Wallis and Dunn tests. Five DPC there was no 
statistical difference between groups 1 and 2, with groups 4 and 6 ex-
hibiting the highest protection against ILTV in both the 4 and 9 week 
old studies. In addition, Group 7 also showed the highest protection 
along with groups 4 and 6 in the 9th week old challenge.

Key Words: Infectious laryngotracheitis, layers, immunity, HVT-LT, 
POX-LT

M60 Continuous passage of low pathogenic avian influenza viruses 
in ducks resulted in a higher frequency of amino acid mutations in 
the hemagglutinin of a chicken isolate in comparison to a wild bird 
isolate Callie Ridenour*1SC, Les Jones2, Mark Tompkins2, Ralph Tripp2, 
Egbert Mundt1 1Poultry Diagnostic and Research Center, Department 
of Infectious Disease, University of Georgia, Athens, GA, 2Department 
of Infectious Disease, University of Georgia, Athens, GA

Studies focused on the viral evolution of low pathogenic avian influenza 
viruses (LPAIV) during passage from host to host are essential for under-
standing the continual virus circulation in water fowl. To address this topic, 
different parameters were investigated in establishing a consistent duck-
to-duck transmission model of LPAIV isolated from chickens (H5N2-Ck, 
H5N2-Ck) and a wild bird (H5N1-WB). LPAIV-antibody free Pekin ducks 
were inoculated with an EID50 of 106.5/100 µl and hatch mates were added 
to each group 24 h p.i. for transmission. Transmission was observed only 
with the H5N1-WB isolate as indicated by virus isolation from contact 
birds. A virus titer increase was required for transmission of the H5N2-Ck 
isolate. Neither modification in route of inoculation nor increase in virus 
titer of the H5N3-Ck isolate resulted in transmission. These results indicate 
differences in transmission capabilities between different LPAIV in water 
fowl. The remaining two LPAIV were used for six continuous duck-to-
duck passages. Each swab sample positive for virus isolation was used for 
determination of the nucleotide and deduced amino acid (aa) sequences of 
the hemagglutinin (HA) and neuraminidase (NA) genes to identify altered 
aa sequences. Twenty-one aa exchanges were identified in the HA glyco-
protein of the H5N2-Ck isolate. Fourteen of these exchanges were located 

within the globular head domain containing functional domains for virus 
attachment. In contrast, the HA sequence of the H5N1-WB isolate showed 
only six aa exchanges while passaged in ducks. Surprisingly, the aa se-
quence of the NA of the H5N2-Ck isolate showed only two aa exchanges 
while the NA sequence of the H5N1-WB isolate remained constant. These 
results indicate that the HA of LPAIV isolated from chicken undergo a 
stronger selection process during passage in water fowl in comparison to 
isolates obtained from wild birds. This might help to obtain a better un-
derstanding of prerequisites necessary for optimal transmission and viral 
evolution of LPAIV.

Key Words: LPAIV, ducks, transmission, HA, NA

M61 Evaluation of immune response to chitosan-based adjuvated 
Bordetella avium vaccines R.H. Harris*SC, N.R. Pumford, M.J. Mor-
gan, A.D. Wolfenden, S. Shivaramaiah, O.B. Faulkner, L.R. Bielke, 
B.M. Hargis University of Arkansas, Fayetteville, AR

The turkey disease Bordetellosis results from an infection caused by Borde-
tella avium (BA), which colonizes the epithelium of the trachea of turkeys 
causing severe respiratory disease or coryza. This study’s objective was to 
evaluate the oral administration of an inactivated BA vaccine in combination 
with either chitosan or a proprietary modification of chitosan as an adjuvant 
in turkey poults. In these experiments, day-of-hatch turkey poults were vac-
cinated parenterally or orally with chitosan+BA adjuvated bacterin, modi-
fied chitosan (MC)+BA adjuvated bacterin, or saline control. On d 14, poults 
were boosted with either subcutaneous (SQ) BA+chitosan, BA+chitosan in 
the drinking water (DW), or BA+MC DW. Immune response was evaluated 
using an ELISA to detect anti-BA IgG. In experiment 1, d 14 IgG antibody 
levels for groups BA chitosan SQ prime/DW boost, BA chitosan DW prime/
DW boost, and BA+MC SQ prime/DW boost were significantly higher than 
controls. IgG levels on d 21 follow a similar trend to d 14. However, no 
significant differences (P<0.05) were found. In experiment 2, a similar trend 
was noted at d 21 with BA+MC SQ prime/DW boost having significantly 
higher IgG levels as compared to controls. Currently, to prevent the disease, 
poults are treated with live, temperature sensitive vaccines administered by 
spray at day-of-hatch and again at two weeks of age. While this technique is 
sometimes effective, this type of product innately has storage and administra-
tion difficulties for producers, frequently leading to compromised effective-
ness and potential questions of serotype variation. Of particular interest, the 
present research was able to achieve meaningful responses following boost 
with oral administration of the inactivated antigen, leading to a host of op-
portunities for improved compliance and potential mass-application of inac-
tivated vaccines through the DW.

Key Words: Bordetellosis, Bordetella avium, Chitosan, ELISA, Oral 
Vaccine

Nutrition II
M62 Effect of different sources and levels of supplemental manga-
nese on growth performance and tissue mineral content of growing 
broiler chickens Alyssa Conly*1SC, Daniel Peterson1, Elizabeth Kout-
sos2 1Animal Science Department, California Polytechnic State Uni-
versity, San Luis Obispo, CA, 2Micronutrients, Inc., Indianapolis, IN

The purpose of this study was to determine the relative bioavailability 
of a newly developed inorganic manganese (Mn) supplement, tribasic 
Mn chloride (TBMC), for growing broiler chickens. Broilers were ob-
tained at day of hatch, housed in a Petersime battery unit and fed a 
basal diet containing 45 ppm Mn for 9 d. On d 10, birds were assigned 
to one of 7 treatment groups (n=6 pens/trt, 6 birds/pen) and fed the 
basal diet or the basal diet plus manganese sulfate (MnSO4) or TBMC 
at 30, 60 and 130 ppm supplemental Mn. Body weight and feed intake 

were measured at 3 time points each and the tibia, bile and liver were 
collected at d 21 for mineral analysis. The 30, 60 and 130 ppm TBMC 
diets contained 79, 109 and 183 ppm Mn, respectively, while the 30, 
60 and 130 MnSO4 diets contained 70, 98 and 184 ppm Mn, respec-
tively. There was no difference in body weight or feed intake among 
any treatment groups at any time points. Tibia and liver Mn increased 
with increasing levels of dietary Mn regardless of source (P<0.05). The 
concentration of Mn in the liver reached a plateau with the 60 ppm di-
ets while the concentration of Mn in the tibia was highest with the 130 
ppm diets. Bile Mn increased with increasing dietary Mn levels, but 
these differences were not significant. Bile Zn was highest in birds fed 
the highest level of MnSO4 (P<0.05). There were no treatment-related 
mortalities or leg problems. The calculated bioavailabilities of TBMC 
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and the widely used MnSO4 did not differ significantly (P>0.20). To-
gether, these results indicate that TBMC is as effective as MnSO4 and 
that supplementing Mn even at the lowest level used in this study may 
be sufficient for normal development of broiler chickens; however, the 
greater deposition in bone with increasing supplementation despite a 
trend toward higher excretion in bile indicates that higher levels might 
also be beneficial.

Key Words: Manganese, Broiler, Tribasic, Mineral, Growth

M63 Apparent metabolizable energy and standardized ileal amino 
acid digestibility of low oligosaccharide soybean meals fed to broil-
ers Kurt Perryman*SC, William Dozier, III Auburn University, Auburn, 
AL

Two experiments were conducted to determine AMEn and standardized 
ileal amino acid digestibility (SIAAD) of low oligosaccharide (LOS-
BM) and ultra-low oligosaccharide (ULSBM) soybean meals in diets 
fed to male Ross × Ross 708 broilers from 24 to 30 d of age. In experi-
ment 1, 768 male chicks (12 birds per pen) were randomly assigned to 
64 pens (16 replicate pens) and provided 4 dietary treatments from 17 
to 27 d of age. A 48 hr excreta collection period was conducted for 
AMEn determination from 24 to 26 d of age. Treatment 1 (basal diet) 
was formulated with corn, distiller’s dried grains with solubles, peanut 
meal, and poultry by-product meal. Treatments 2, 3, and 4 were com-
posed of 70% of the basal diet plus 30% CSBM, LOSBM, or ULSBM, 
respectively. Broilers fed diets containing LOSBM had a higher AMEn 
(2,214 vs. 2,073 and 2,080 kcal/kg, P = 0.012) than birds fed diets 
supplemented with CSBM and ULSBM, respectively. In experiment 2, 
360 male chicks (12 birds per pen) were randomly assigned to 30 pens 
(10 replicate pens) and fed 1 of 3 semi-purified diets from 23 to 30 d of 
age. Dietary treatments were formulated to contain 20% CP resulting 
in SBM inclusion levels of 41.8, 37.3, and 36.2% for CSBM, LOSBM, 
and ULSBM, respectively. Birds fed diets containing the LOSBM and 
ULSBM had higher (P < 0.05) SIAAD coefficients for His, Ile, Leu, 
and Phe compared with birds fed diets formulated with CSBM. Due 
to the increasing amino acid concentrations and higher SIAAD coef-
ficients of LOSBM and ULSBM, digestible concentrations of Met, Lys, 
Thr, Val, and Ile increased (P < 0.001) between CSBM, LOSBM, and 
ULSBM. These results indicated that diets containing LOSBM had an 
average of 138 kcal AMEn/kg more than diets containing CSBM and 
ULSBM when fed to broilers. Moreover, diets fed to broilers containing 
LOSBM and ULSBM had an average of 14% more digestible amino 
acid content compared with diets formulated with CSBM.

Key Words: apparent metabolizable energy, amino acid digestiblilty, 
soybean meal, broiler

M64 Evaluation of feeding different digestible lysine intake lev-
els on semen characteristics of broiler breeders Chinwendu Obi*SC, 
Holly Parker, Christopher McDaniel, Alex Corzo Mississippi State 
University, Mississippi State, MS

A significant amount of research has been conducted evaluating the im-
pact of dietary Lys on broiler performance. However, research involv-
ing broiler breeder responses to dietary Lys is sparse. Therefore, a study 
was conducted to evaluate the impact of dietary Lys on broiler breeder 
semen characteristics. A total of 80 Cobb MX males were randomly 
selected at 20 weeks of age and placed into individual cages. Treat-
ment 1 diet was a typical corn-soybean meal diet formulated to have 
a dig Lys intake of 1,000 mg/rooster/d (CSBM1,000), which served 
as a control diet. Treatments 2, 3, 4, and 5 had the inclusion of DDGS 
in order to titrate dig Lys intake levels of 1,000 (DDGS1,000), 850 
(DDGS850), 700 (DDGS700), and 550 (DDGS550) mg/rooster/d, re-
spectively. Each treatment consisted of 16 replicate roosters, and the 

birds were allocated in a randomized complete block design where area 
of the house was the blocking factor. Semen samples were collected 
from each rooster on wk 6, 8, 10, and 12 post treatment, and analyzed 
for volume, sperm viability, sperm concentration, and the sperm qual-
ity index (SQI) for each treatment. BW was also evaluated on wk 6, 
8, 10, and 12 post-treatment. Feeding varying dig Lys levels had no 
effect on semen volume, sperm concentration, SQI, live sperm concen-
tration, sperm concentration per ejaculate or live sperm per ejaculate. 
BW of roosters fed the CSBM1,000 diet was greater (P<0.05) than all 
other treatments each week. Also, roosters fed the CSBM1,000 diet 
had a higher (P<0.05) percentage of dead sperm during wk 8 than all 
other treatments and remained high until wk 12. The lowest (P<0.05) 
percentage of dead sperm was observed when roosters were fed the 
DDGS850 diet during wk 6, 8, and 12. In conclusion, a daily intake of 
1,000 mg Lys in a CSBM diet appears to yield excessive BW gain and 
a greater percentage of dead sperm. Additionally, lower intake levels of 
dig Lys, when provided in a DDGS diet, do not appear to be detrimental 
to semen quality.

Key Words: broiler breeder, lysine, DDGS, semen quality

M65 Supplementing 25-hydroxyvitamin D3 in the starter diet vs. 
all diets in two commercial broiler flocks Pieter Post*1SC, Joey Bray1, 
Brad Turner2 1Stephen F. Austin State University, Nacogdoches, TX, 
2DSM Nutritional Products, LLC., Parsippany, NJ

An experiment was conducted to compare performance and yield data 
between paired commercial broiler houses receiving the full recom-
mended dose of Hy-D® in either the starter diet or all diets over two 
consecutive flocks. Hy-D® is a feed additive, with 25-hydroxyvitamin 
D3 (25-OH D3) as the active ingredient. A total of 26,900 straight run 
broilers were placed in each of the four (13.1 m X 152.4 m) broiler 
houses at the Stephen F. Austin Broiler Research Center, at a stocking 
density of 0.24m2 per bird and reared to 52 days. The study consists 
of two consecutive flocks, Farm #1 (Houses #1 & #2) contained Hy-
D® in the three diets (treatment group), while Farm #2 (Houses #3 
& #4) received Hy-D® only in the starter diet (positive control). For 
the second flock, treatment houses were switched, to limit house and 
environmental variation. Blood samples were collected at chick place-
ment, d18, d35, and d49 from 10 randomly selected broiler chickens per 
house (20 per treatment) for both flocks to determine the serum 25-OH 
D3 levels. At the completion of each flock, a yield study was conducted 
on 200 birds (100 per treatment). Performance results varied from flock 
to flock. The treatment group was significantly different from the posi-
tive control for skin, total white meat and breast yield, yielding 0.77% 
more breast meat than the positive control, for flock 1. In flock 2, the 
positive group had a significantly higher live body weight, however 
the treatment group yielded 0.50% more breast meat as a percentage 
of body weight. Blood work results indicated that there was a higher 
amount of 25-OH D3 present in the treatment birds. The results of this 
study suggest that with the addition of Hy-D® to the feed, breast yields 
can be increased.

Key Words: 25-hydroxyvitamin D3, Performance, Yield, Blood, Broilers

M66 A nutritional approach to the use of anticoccidial vaccines 
in broilers: Glutamine utilization in critical stages fo immunity ac-
quisition F.J. Mussini*SC, S.D. Goodgame, C. Lu, C.D. Bradley, S.M. 
Fiscus, P.W. Waldroup Poultry Science Department, University of Ar-
kansas, Fayetteville, AR

The utilization of vaccines has proven to be a good strategy to pre-
vent coccidiosis but the process of immunity acquisition needs to be 
approached from a nutritional point of view as well if complete suc-
cess in broiler performance is to be achieved. It has been reported that 
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Glutamine (GLU)plays a key role both in the gastro intestinal tract and 
the immune system, and its utilization could be beneficial to cocci-vac-
cinated broilers. In this study, twelve hundred one-day-old male chicks 
were vaccinated at a commercial hatchery with a cocci-vaccine and 
randomly allocated to four treatments, each of which had 6 replications 
with 50 birds per pen. Birds were maintained on built up wood shavings 
litter. Each treatment consisted of the same basal diet that met average 
nutrient levels in the U.S. poultry industry (Agri-stats, Fort Wayne IN), 
with four different inclusion rates of GLU (0, 0.5, 0.75, and 1%). Birds 
were fed the experimental diets from 1 to 28 days and a common diet 
from 28 to 42 days. Water and feed was provided ad libitum all along 
the experiment. Birds were weighed and feed conversion calculated at 
14, 21, 28, 35 and 42 days of age. Body weights were significantly im-
proved at 21 and 28 days for all the treatments where GLU was includ-
ed. Feed conversion was reduced with the inclusion of GLU showing 
a positive trend though the reduction was not significant. There were 
no significant differences at 42 days in body weight and feed conver-
sion but the numerical difference in weight between the control and 
the treatments with GLU were maintained. At 43 days, eight birds per 
pen were processed in a pilot processing plant. Breast meat yield was 
not significantly different. Glutamine proved to be beneficial during the 
process of immunity acquisition improving broiler performance signifi-
cantly until 28 days and maintaining the body weight difference until 
the end of the experiment.

Key Words: Glutamine, coccidial vaccine, immunity, broilers

M67 Antibody-mediated immune response in chicken pullets fed 
diets supplemented with prebiotic, organic trace minerals, and a 
blend of pre- and probiotic Mohammad Alizadeh*SC, Alexander Yit-
barek, Harold Echeverry, Peris Munyaka, Bogdan Slominski, Juan 
Carlos Rodriguez-Lecompte University of Manitoba, Winnipeg, Mani-
toba, Canada

The present study was conducted to determine the effect of yeast derivate 
carbohydrate (YDC), organic trace minerals (OTM), and a blend of pre-
biotic/probiotic (YDC+P) on the induction of chicken antibody-mediated 
immune response to sheep red blood cells (SRBC) and bovine serum al-
bumin (BSA). Four hundred one-day old chicks were randomly assigned 
to one of four dietary treatments where T1 consisted of chicks receiving 
neither prebiotic, probiotic nor organic minerals; T2 received YDC, T3 
chicks receiving low inclusion of blend of OTM and T4 chicks receiving 
a blend of prebiotic (YDC) and probiotic (lactobacillus acidophilus, L. 
Casei Streptococcus faecium and Bacillus subtilis) (YDC+P). On days 
28 and 35 posthatching, 40 birds per treatment were injected intramuscu-
larly with SRBC and BSA. Control groups were injected with phosphate-
buffered saline. Every week blood samples were collected from 10 birds 
per treatment. Samples were analyzed by hemagglutination (HA) for an-
tibody response to SRBC and by ELISA for IgM and IgG response to 
BSA. The HA results showed that immunization with SRBC increased 
the antibody response in all the groups. However, dietary treatment did 
not affected significantly (P>0.05) the antibody response to SRBC. The 
ELISA result showed that BSA significantly enhanced (P<0.05) serum 
levels of both IgG and IgM. Nevertheless, dietary treatments did not af-
fected (P>0.05) IgM and IgG responses. However, there was a significant 
interaction between diet and time for IgM response. The results indicate 
that diet containing blend of prebiotic and probiotic YDC+P had the low-
est IgM serum level on day 7 post-immunization with BSA; however, 
at day 14 the IgM level were increased. In summary, dietary treatment 
YDC+P may be modifying intestinal commensal microflora and carbo-
hydrate receptors affecting systemic humoral immune response to protein 
antigen in chickens pullets.

Key Words: Probiotic, Prebiotic, Antibody, IgM, IgG

M68 Effects of β-mannanase and a cocktail NSPase separately and 
in combination in low energy diets on broiler performance and pro-
cessing yield Joseph Klein*1SC, Mallori Williams1, Blyn Brown2, Jason 
Lee1 1Poultry Science Department, AgriLife Research, Texas A&M 
System, College Station, TX 2Enzyvia LLC, Sheridan, IN

An experiment was conducted to investigate if an additive effect on 
growth performance and processing yield could be achieved with the 
inclusion of a β-D-mannanase (Hemicell®-L) and a cocktail NSPase 
(Enspira™). The experimental design included a total of five dietary 
treatments including a positive control (PC), negative control (NC) with 
a reduction of 130 kcal/kg ME throughout the experiment compared to 
the PC, NC supplemented with β-mannanase, NC supplemented with 
NSPase, and NC supplemented with β-mannanase and NSPase. Each 
treatment included eight replicate pens with 40 straight-run broilers 
placed per treatment group (1600 total chicks placed). Dietary program 
consisted of a starter (day 1-14), grower (day 15-27), and finisher (day 
28-41). Broilers were weighed and feed consumption determined on 
days 14, 27, 35 and 41. Following an 8 hr feed withdrawal, eight male 
and eight females per replicate pen were processed to determine WOG 
and fat pad weight. Body weight was reduced (P<0.05) in the NC diet 
as compared to the PC diet on day 14, 27, and 35. Increases in day 14 
body weight were observed with the inclusion of the NSPase and the 
NSPase + β-mannanase to reach a similar weight as the PC broilers. 
Inclusion of NSPase + β-mannanase increased (P<0.05) body weight 
compared to the NC on days 27 and 35. Mortality corrected feed con-
version ratio (FCR) was increased (P<0.05) in each dietary phase in 
the NC as compared to the PC. Inclusion of the NSPase in the NC diet 
reduced (P<0.05) cumulative FCR through 41 days of age. Inclusion 
of β-mannanase + NSPase in the NC diet resulted in reduced (P<0.05) 
FCR in the finisher phase and cumulatively throughout the trial. Reduc-
tions (P<0.05) in WOG and fad pad weight were observed in the NC 
diet as compared to the PC diet. Inclusion of each enzyme individually 
did not increase WOG weight however the combination of the two en-
zymes did increase (P<0.05) WOG weight similar to observations in 
body weight. Inclusion of β-mannanase resulted in a reduction (P<0.05) 
in mortality as compared to the PC. These data confirm that enzyme 
supplementation in low energy diets improve growth performance and 
indicate that additive effects may be observed when using multiple en-
zymes.

Key Words: enzyme, energy, broiler, performance, processing

M69 Metabolizable and net energy values for feed ingredients and 
an enzyme complex in broiler chicks S. Cerrate Fernandez*, R. Ek-
may, J. England, C. Coon University of Arkansas, Fayetteville, AR

Metabolizable (ME), net (NE) energy values and digestible nutrient 
contents of 20 diets were measured in isocaloric pair-fed broiler chicks. 
Values for ME were determined from excreta collection, while NE were 
obtained from energy gain carried out in a DEXA scan machine plus 
NE for maintenance estimated as 90 x1.15 kcal/kg BW0.75. Diets were 
prepared from 5 ingredients (corn, soybean meal, pro-plus, barley and 
poultry fat) and RobavioÒ Max. The ME, NE and digestible nutrients 
contents of ingredients and enzyme were calculated by regression of 
nutritive values of diets on levels of inclusions. 

The digestibility of fat increased linearly with increasing dietary fat 
content, whereas the digestibility of protein (dP) increased curvilinearly 
with increasing dietary protein content. Similarly, the digestibility of 
neutral detergent fiber (dNDF) increased curvilinearly with increasing 
dietary NDF content. Diets containing the enzyme complex had greater 
dP and dNDF than those diets without enzyme. Consequently the ener-
gy from protein gain was superior in diets containing the enzyme com-
pared to those diets without enzyme. The BW gain was predicted more 
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accurately in NE basis rather than ME basis. Energy evaluation systems 
(ME versus NE) affected the hierarchy and energy utilization among 
the tested ingredients and enzyme complex. When the energy content 
of corn was considered as 100, the energy values of soybean+pro-plus, 
barley, poultry oil, and enzyme complex were 83, 95, 259, and 6359 
on a ME basis and 66, 88, 303, and 8500 on a NE basis. Energetic effi-
ciencies (NE/ME) of ME utilization for corn, soybean+pro-plus, barley, 
poultry oil, and enzyme complex were 75.0, 59.1, 69.2, 87.1, 99.8% 
respectively. 

This data indicated that digestibility coefficient of fat rich ingredients 
are underestimated while the digestibility coefficients for protein and 
NDF rich ingredients are overestimated. Moreover, the ME system 
compared to the NE system overestimates the energy content of protein 
or fiber-rich feeds and underestimates the energy value of fat-rich feeds. 
In addition, the extra caloric from carcass protein gain in diets contain-
ing the enzyme complex indicates that the NE system is able to quantify 
more precisely the real energy value.

Key Words: Net energy, Metabolizable energy, Enzyme

M70 Economic importance of dietary feed enzymes on the perfor-
mance of broiler chickens Muhammad Tahir*1, Amy Batal2, Mi Yeon 
Shim3, Gene Pesti3 1Department of Animal Nutrition, Agricultural Uni-
versity, Peshawar, Khyber Pakhtunkhwa, Pakistan, 2Huvepharma, Inc., 
Peachtree, GA, 3University of Georgia, Athens, GA

The purpose of this study was to evaluate the effects of two dietary 
feed enzymes (Hostazym X (HZX) and Avizyme 1505 (AZ1)) on the 
performance of broiler chickens and to calculate the economic value 
from technical response data. Each of the four dietary treatments (con-
trol (postivie control, PC), control -30kcal/lb (negative control, NC), 

NC +AZX and NC +AZ1) were fed to 8 pens of 24 straight run Cobb 
broiler chickens. Supplementing the diet with either enzyme showed 
significant effects on growth and feed efficiency. Quadratic equations 
were fitted through the response points for 49 d broilers: Body weights 
and feed intakes for the broilers were: Control, 6.310, 11.863; NC, 
6.662, 11.905; NC +HZX, 6.486, 11.824; NC+AZ1, 6.217, 11.383, re-
spectively. Target live weights were compared at 4, 6 and 8 lb., chicken 
prices (GA Dock) at $0.68 and $1.00/lb. and feed costs at $200 and 
$400/ton. The value of feed savings by decreasing the diet by 30 kcal/lb 
ranged from $11.91/ton for 4.0 lb broilers fed $200 feed, to $29.59/ton 
8.0 pound broilers fed $400 feed. The value of extra meat by increasing 
the diet by 30 kcal/lb ranged from $37.71/ton for 6.0 lb broilers sell-
ing for $0.68/lb, to $57.91/ton for 8.0 pound broilers selling for $1.00/
lb. The value of feed savings by adding HZX ranged from $7.02/ton 
for 4.0 lb broilers fed $200 feed, to $17.64 /ton for 8.0 pound broilers 
fed $400 feed. The value of extra meat by adding HZX ranged from 
$21.70/ton for 6.0 lb broilers selling for $0.68/lb, to $33.44/ton for 8.0 
pound broilers selling for $1.00/lb. The value of feed savings by add-
ing AZ1 ranged from $3.94/ton for 4.0 lb broilers fed $200 feed, to 
$9.96/ton for 8.0 pound broilers fed $400 feed. The value of extra meat 
from AZ1 ranged from $11.99/ton for 6.0 lb broilers selling for $0.68/
lb, to $18.51/ton for 8.0 pound broilers selling for $1.00/lb. The value 
of the extra salable meat from feeding enzymes is 2 to 3 times greater 
than feed savings (excluding costs for chicks and housing, etc). Enzyme 
value is directly dependent on the costs of feed and value of broiler 
meat, and indirectly dependent on reduced environmental costs for feed 
production and reduced unutilized nutrients (pollution) per pound of 
meat (not included in this analysis).

Key Words: Cobb, Broilers, Feed Enzymes, Performance, Economics

Environment/Management II

M71 A comparison of pine shavings vs. chopped willow as bedding 
for rearing broiler chickens. Paul Patterson*1, Mike Hulet1, Terri Cra-
vener1, Mike Hile2, Eileen Wheeler2 1Department of Poultry Science, 
The Pennsylvania State University, Univeristy Park, PA, 2Dept of Ag 
and Biological Engineering, The Pennsylvania State University, Univ-
eristy Park, PA

Willow is grown for biomass as an alternative fuel and used on poul-
try and livestock farms as a vegetative buffer to scrub farm emissions 
(ammonia, dust and odor). These buffers can also be used as a screen 
to block the view of poultry barns to neighbors and to give farms a 
landscaped appearance. We compared chopped willow with pine shav-
ings as bedding for Cobb x Cobb straight run broilers to 42 days of 
age. Twelve pens of day-old chicks (533cm2/chick) were alternatively 
assigned to willow (23kg/pen) or pine shavings (16kg/pen) pens. Birds 
were fed a commercial starter and grower diet and weighed at 21 and 
42 days of age. Weekly, litter was scored (0-5) and at 2, 4, and 6wk 
litter moisture, pH and gas emissions (NH3, N2O, CH4, CO2) were mea-
sured. At 6wk broiler foot pads and breasts were scored for lesions and 
a sample of birds were processed for carcass wt and yield.

Results indicated no statistically significant differences between bed-
ding treatments were measured for feed intake, feed/gain ratio or body 
wt at 6wk, averaging 1.79kg per bird. There were also no differences in 
mortality or carcass yield which averaged 5.0 and 76.1%, respectively. 
Weekly litter scores for birds housed on willow were poorer averaging 
3.10a vs. 2.47b for pine. Litter pH was not different between treatments 
for the fresh bedding (5.42), or at 4 or 6wk; but significantly less for 
pine vs. willow, 5.63 and 6.54, respectively at 2 wk. Foot pad lesions 
were low (0 = none to 3 = severe) but significantly greater for birds on 

willow at both pre- and post-processing. There were no differences in 
breast lesions between treatments. No significant differences in litter 
moisture or emissions were measured, however at 2 and 4 wks NH3 
emissions for chopped willow bedding were 47.0 and 41.8% less than 
pine shavings. Previous studies with willow bedding vs. pine indicated 
similar bird performance with better litter scores on willow and no dif-
ference in foot pad lesions. The wet and humid conditions for the trial 
herein made for poor litter scores in both treatments, however willow 
bedding appeared to reduce ammonia volatilization.

Key Words: willow, pine, litter, ammonia, emissions

M72 Implications of the Darkling Beetle Life Cycle and Timing of 
Treatment Applications on Darkling Beetle Populations in Broiler 
Grow Out. J.J. Arends*1, J.D. Skinner2, R.H. Stonerock2 1Jabb of the 
Carolinas, Inc., Pine Level, NC, 2Terregena, Inc., Raleigh, NC

Detailed monitoring of darkling beetle populations in broiler houses 
has shown a very different emergence and egg hatch timing than that 
observed in the mid 1980’s. These studies were undertaken to examine 
the timing of treatment applications and subsequent success or failure 
to suppress darkling beetle populations. Experimental Design Two (2) 
4 house broiler farms were monitored on a 2 week schedule by taking 
10 one pint samples from 2 transects across brood and non-brood areas 
within each house. Beetles were returned to laboratory and enumerated 
by life stage. Treatment schemes were based upon the egg hatch ( larval 
numbers) and adult emergence ( adult numbers) and not related to age 
of birds or production schedule.

Key Words: Darkling Beetle, Alphitobius diaperinus, Life Cycle, Bee-
tle control, Treatment program
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M73 Simple test kit for measuring CO2 and NH3 emissions from broil-
er litter J. P. Blake*, K. S. Macklin, D. B. Gholap Department of Poultry 
Science, Auburn University, Auburn, AL

Potential for measuring ammonia volatilization from poultry manures is impor-
tant from the aspects of maintaining bird health and welfare and for monitoring 
environmental impact. Methods for the quantitative measuring of ammonia 
produced and released from a poultry facility are not simple and user friendly. 
The purpose of this preliminary research was to investigate the use the Solvita 
Gel System for quantifying the evolution of volatile ammonia (NH3) and car-
bon dioxide (CO2) in broiler litter. This system utilizes a sensitive gel paddle 
that is placed in an incubation jar containing a predetermined measure of broiler 
litter. After a specific time-period, the paddle is removed and analyzed with a 
proprietary digital color reader (DCR). Results indicate that the Solvita system 
provides a direct quantitative measure of the volatilization potential of the lit-
ter. Ammonia gas concentrations in the test jars were indicated in the moder-
ate (2,500 ppm) to very high (>25,000 ppm) range. The conversion of Solvita 
values to potential house ammonia concentrations that ranged from 20-150 
ppm provided a more practical and meaningful application of this test. How-
ever, there were no discernable correlations with traditional methods, such as a 
Drager CMS detection unit (R2<0.10). Once standardized to the broiler house 
environment, the Solvita method could be easily adapted to evaluating broiler 
litter ammonia volatilization as well as the effectiveness of windrow compost-
ing procedures that are currently employed by the industry. 

Key Words: Ammonia, Broiler litter, Testing

M74 Controlling the thermal micro-environment on broiler trans-
port trucks – better welfare – better productivity? Malcolm Mitchell*, 
Peter Kettlewell, Marianne Farish SAC, Edinburgh, Midlothian, United 
Kingdom (Great Britain)

Thermal stress in transit compromises both the welfare and productive ef-
ficiency of broiler chickens. The distribution of temperature and humidity 
within the load of chickens is not uniform. On typical closed transporters, 
temperature lifts of 10-20°C are frequently encountered and an increase 
of 60°C has been reported when external temperature was minus 28°C in 
Canada in winter and thus paradoxical heat stress occurred. To facilitate the 
design and development of a vehicle ventilation system that might prevent 
such problems and that is appropriate for commercial use the steady state 
total heat and moisture production of broilers were measured on a fan ven-
tilated commercial transporter. Mean total heat production on the truck was 
26.1±3.0 kW which could be partitioned into 63% sensible and 37% latent 
components. On the vehicle water loss was 1.43mg per bird -1s-1 and it may 
thus be calculated that to maintain a specified temperature lift within the 
transport container on the truck the ventilation system must be capable of 
dissipating loads of at least 5.41Wkg-1 and 0.82mg.kg-1s-1. In practice re-
moval of larger heat and water vapour loads may be required. It has thus been 
possible to calculate the ventilation flow rates required for operation in speci-
fied external environments. VFR = TMHP / Cp x ΔT Where VFR = Flow 
rate (m3s-1) TMHP = Total metabolic heat production (Js-1) Cp = Specific 
heat capacity of air (1226 Jm-3°C-1) ΔT = Acceptable rise in air temperature 
(°C) On the basis of these findings it is proposed that the effective ventilation 
rate for vehicles in this configuration, fully loaded should be 0.6m3s-1 per 
tonne live-weight. A prototype vehicle meeting these specifications has been 
constructed and evaluated in commercial practice and reduced mortality and 
improved meat quality have been reported.

Key Words: broiler, transport, thermal stress, ventilation

M75 Field Evaluation of Controlled Surface Wetting System to Cool 
Broiler Chickens Yi Liang*1, Tom Tabler2, Susan Watkins1, Ivan Berry1 1Uni-
versity of Arkansas, 2Former University of Arkansas, Fayetteville, AR

This study investigated the efficacy of intermittent surface sprinkling to cool 
broiler chickens on a commercial broiler farm. The objective of the study 

was to evaluate the broiler performance under the alternative supplemental 
cooling system and the sprinkling effect on litter conditions. Two overhead, 
low-pressure sprinkling systems were tested in two houses (treatment) dur-
ing six summer flocks from 2009 to 2011, and compared to the evaporative 
cooling systems in two adjacent houses (control). The bird live weight, feed 
conversion, livability were not significantly different between the treatment 
houses and the control houses. The sprinkler houses had substantially higher 
air temperature but lower relative humidity than that in the control houses 
during day time in the test periods. Litter moisture conditions at the end of 
grow-outs were not significantly different. Cooling water usage in treatment 
houses averaged between 1/9 and 1/3 of those used in control houses. In-
termittent surface wetting method in tunnel ventilated houses not only was 
effective in cooling broiler chickens without excessive litter moisture condi-
tions, but also resulted in substantial less water usage for bird cooling.

Key Words: Broiler production, Heat stress, Surface wetting, Air quality, 
Cooling

M76 Monitoring thermal conditions and egg movement in the nest 
during natural incubation. Malcolm Mitchell*1, Peter Kettlewell1, 
Roger Hoxey2, John Lowe3 1SAC, Edinburgh, Midlothian, United 
Kingdom (Great Britain), 2University of Birmingham, Birmingham, 
Warwickshire, United Kingdom (Great Britain), 3Royal Veterinary Col-
lege, London, Hertfordshire, United Kingdom (Great Britain)

The requirement to accurately and reliably monitor the physiological re-
sponses and the condition of animals using techniques that impose minimal 
interference upon normal behaviours and activities has resulted in the devel-
opment of a range of radio-telemetry systems. A device has been constructed 
to be of a similar size and weight to that of a chicken/duck egg thus allow-
ing it to be placed in a nest to monitor conditions during natural incubation. 
The measured variables were dry-bulb temperature, relative humidity and 
the orientation of the ‘egg’. Temperature was measured by eight bead-type 
thermistors, of bonded into wells formed in the outer casing of the egg. Rela-
tive humidity was measured by solid-state humidity sensors. Orientation of 
the telemetric egg was determined by an array of accelerometers measuring 
the gravity vector. The performance of the telemetric egg was assessed by 
placing it in the nests created by a Red Crested Pochard, Netta rufina, and 
by a Mallard, Anas platyrhynchos. Data were transmitted from the ‘egg’ to a 
base station several metres away by a two-way radio link. The instrumented 
egg was accepted into the nest and was “incubated” in the same way as other 
eggs. Values of the temperature, relative humidity and orientation of the ‘egg’ 
were sampled at a rate of one scan per minute throughout incubation. Output 
data include mean temperature, frequency of movement, periods of parental 
absence and egg cooling and warming rates. In these two trials the telemetric 
egg was reliable and was ‘incubated’ in the same way as other eggs in the 
clutch. It is proposed that this novel device can be employed in incubation 
studies in wild and domestic birds in nests and artificial incubator trials.

Key Words: Egg, incubation, temperature, accelermeters, telemetry

M77 The effect of dietary protein, feed ingredient and protease on 
performance, excreta pH, and nitrogen volatilization Roselina An-
gel*1, Wendy Powers2, Todd Applegate3, Encarnacion Jimenez-Moreno1, 
Sergio Vieira4 1University of Maryland, College Park, MD, 2Michigan 
State, East Lansing, MI, 3Purdue University, West Lafayette, IN, 4Univer-
sidade Federal do Rio Grande Do Sul, Porto Alegre, RS, Brazil

Two experiments (Exp) were done to test tools to reduce nitrogen (N) ex-
cretion and emissions. Ross 708 broilers were used in these 11 to 21 d 
studies where diet treatments (Trt) were replicated 5 times (6 birds/pen). 
In Exp. 1 a 2 x 2 factorial arrangement of protein level and protease (0 or 
150,000 Protease units/kg) was used resulting in 4 diets. In Exp 2 a 2 x 3 
factorial arrangement of protein level (control and low) and protease (0 or 
150,000 Protease units/kg) and ingredient (SBM, meat meal (MM) and dis-
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tillers dried grains plus soluble (DDGS) was used resulting in 12 diets. The 
low protein diets were formulated to have a 7% reduction in crude protein, 
Lys, Met, TSAA, Thr, Val, Ile, Arg, Trp. Diets were formulated to be isoca-
loric and isonitrogenous within either the control and low protein series. At 
21 d of age, BW and FC were determined. Excreta were collected from 20 
to 21 d of age, stored for 14 d and analyzed at collection and then at d 7 and 
14 of storage. Upon analysis of diets, protein, AA and protease were similar 
to formulated levels. There was a protein level and protease effect on BWG 
and FCR in Exp 1. Decreasing protein resulted in impaired BWG and FCR 
(1.33 vs. 1.43 in the control and low protein diets, respectively). There was 
a protein protease interaction for BWG and FCR with the protease having 
a greater impact when low protein diets were fed. Apparent N digestibil-
ity was affected by protein level and there was an interaction of protein 
and protease with the protease improving N digestibility in the low protein 
diet but not in the control diet. There was a main effect of protein level on 
excreta pH. N loss during storage of excreta was not affected by protein 
or protease. In Exp 2 there was a main effect of protein level, protease, 
and ingredient on BWG and FCR and protein level and source interactions 
were seen for BWG and FCR. FCR was 1.459 and 1.390 for low protein 
diet with SBM without and with protease, respectively while it was 1.524 
and 1.456 for the low protein diet with MM without and with protease, re-
spectively. For the low protein diet with DDGS FCR was 1.423 and 1.380 
in the diets without and with protease. For excreta pH there was a main 
effect of protease with the Trt with protease having a higher pH (at excre-
tion pH was 6.29 vs 6.51 in diets without and with protease, respectively). 
N loss during excreta storage was affected only by ingredient with both 
DDGS and MM inclusion reducing percent loss from 0 to 14 d of storage. 
Loss was 65.4, 59.6, and 58.3% for the SBM, MM and DDGS containing 
diets, respectively. In summary, the protease allowed for the feeding of low 
protein diets without negative impacts on performance. The low protein as 
well as diets with DDGS and MM resulted in lower N volatilization.

Key Words: Excreta nitrogen, protein concentration, protease, broiler, 
ingredients

M78 The effects of Saccharomyces cerevisiae fermentation prod-
ucts on broiler breeder and progeny performance Wallace Berry*, S 
Oates, J Hess, Jonathan Broomhead Auburn University, Auburn, AL

Commercial strain heavy broiler breeder females were fed Saccharomy-
ces cerevisiae fermentation products to determine the effects of supple-
menting breeder diets on subsequent progeny performance. 1140 Cobb 
700 breeder chicks were assigned to three treatments: Control (Con) and 
Diamond V’s Original XPC™ (XPC) or XPC™ Ultra (Ultra) and placed 
in the rearing facility. Except for dietary treatments, the birds were reared 
as per the appropriate primary breeder guidelines. The birds were trans-
ferred to the breeder house at 19 weeks of age. Photostimulation began at 

21 weeks of age. Dietary treatments continued during the breeder phase. 
There were 10 reps/treatment with 37 hens/rep and 4 males/rep placed 
with the hens. Chicks were produced from these hens and placed on lit-
ter in 9 reps/breeder dietary treatment and 21 chicks/rep. Progeny were 
processed for carcass data at 42 days of age. Progeny performance was 
measured as feed conversion ratio, body weight, and yield of carcass and 
parts. Through 43 weeks of age, egg production was numerically greater 
(P < 0.06) in the treatment diets (XPC=70.4±0.8% and Ultra=71.1±0.8%) 
in contrast to the Controls (Con=68.8±0.8%). Over the 18 weeks of egg 
production, this would result in approximately 2 or 3 more eggs per hen 
for XPC or Ultra treatments, respectively, versus Control hens. Prog-
eny body weights tended (P < 0.17) to be higher at 42 d in the treat-
ment diets (XPC=2547±40g and Ultra=2552±40g)versus Controls 
(Con=2479±40g). Breast meat yields (g/bird) were greater (P < 0.05) in 
the treatment diets (XPC=591±15g and Ultra=599±15g) in contrast to the 
Controls (Con=554±15g). Carcass yields at 42 days of age (g/bird) were 
numerically higher (P < 0.09) in the treatment diets (XPC=1851±38g and 
Ultra=1862±38g) versus Controls (Con=1772±38g).

Key Words: Saccharonmyces ceravisiae, broiler breeder, progeny per-
formance

M79 A dosimetry study of the effects of canthaxanthin in broiler 
breeders from 45 to 62 weeks of age J. Brake* North Carolina State 
University, Raleigh, NC

Ross 344x708 broiler breeders that had been exposed to hot summer 
conditions were distributed into four treatment groups and given diets 
containing 0, 3, 6, or 9 mg canthaxanthin per kg diet from 45 to 62 wk 
of age. Average hatchability and fertile hatchability of the flock was 
87.6% and 92.6%, respectively, at 44 wk of age. Approximately 56 fe-
males and 5 males were present in each of 16 slat-litter pens at 45 wk 
of age. Males and females were fed sex-separately a 15% CP, 2.9 kcal 
ME/g, 2.7% calcium diet amended with canthaxanthin with four repli-
cate pens per dosage. Eggs were collected twice daily and 60 eggs per 
pen were incubated weekly. All unhatched eggs were examined mac-
roscopically to determine fertility and/or stage of embryo death. From 
45 to 62 wk of age, percentage hen-day production (49.1, 49.3, 51.6, 
50.9), percentage fertility (94.7, 94.9, 95.3, 93.1), and percentage fertile 
hatchability (94.0, 95.2, 96.2, 95.3) exhibited a dose-related increase 
from 0 to 3 to 6 mg canthaxanthin per kg diet followed by a decrease at 
9 mg/kg. These data suggested that the optimum dosage of canthaxan-
thin to support reproductive performance in older broiler breeders was 
approximately 6 mg/kg diet of both males and females.

Key Words: broiler breeders, hatchability, canthaxanthin, egg produc-
tion, fertility

Nutrition III
M80 Energy use in growing broiler feed increasing levels of dried 
distillers grains with solubles R.S. Gomez*1, M.L. Angeles1, R.E. 
Ramirez1, R.M.A. Islas2 1CENIDFyMA-INIFAP, Ajuchitlan, Quere-
taro, Mexico, 2FES-Cuautitlan-UNAM, Ajuchitlan, Queretaro, Mexico

A balance trial and slaughter experiment were carried out to evaluate 
the nutrient retention, apparent metabolizable energy corrected to cero 
nitrogen retention (AMEn) and the energy used for protein and fat de-
position (net energy: NE) in broiler chickens fed diets based on sor-
ghum (S) or corn (C) and four increasing levels of dried distillers grains 
with solubles (DDGS). Fifty four male Ross B308 broilers from 28 to 
42 d of age were used. Six broilers were slaughtered at the beginning 
of the study and the remaining 48 were assigned to the treatments in a 
complete randomized design with a factorial combination of the type 

of cereal and DDGS level. The experiment lasted 14 d during which 
80 g of feed/bird per day were offered. The DDGS were included in 
the diet using the substitution methodology. The last four days of the 
study, total excreta were collected. At the end, birds were killed to de-
termined de deposition rate and the energy retained in protein and fat. 
Broilers killed at the beginning of the trial were used to correct for the 
initial composition. There were six birds per treatment and results were 
subjected to ANOVA. The results indicate that the nitrogen retention 
was higher (P < 0.01) for S than for C, but the daily protein deposition 
rate (P < 0.05), the total protein content, the energy retained in protein 
and the efficiency of energy retained were higher (P < 0.01) for C. As 
the level of dietary DDGS increased, the excreted dry matter, nitrogen 
and energy increased (P < 0.01) but their retention linearly decreased 
(P < 0.01). The AMEn was also lower (P < 0.01) as the level of dietary 
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DDGS increased. The retained energy in protein and fat diminished (P 
< 0.01) as dietary DDGS increased from 0 to 30%. On average, the 
evaluated DDGS had an energetic value of 2827 kcal of AMEn/kg and 
2164 kcal of NE/kg. The EN/AMEn ratio was around 77. In conclusion, 
the corn grain showed a greater nutritional value than the sorghum; the 
nutritional, and especially, the energetic value of DDGS was reduced 
at each increment of dietary DDGS. The results suggest that the DDGS 
used in this study should be included up to a level of 10% in broilers to 
avoid reductions in the nutrient and energy value of the diets.

Key Words: Broilers, DDGS, Nutrient retention, EMAn, NE

M81 Broiler responses to reduced protein and energy diets supple-
mented with lysine, methionine and threonine A Abudabos* King 
Saud University, Riyadh, Riyadh, Saudi Arabia

This study was performed to evaluate the effect of supplementation 
of low crude protein (low-CP) corn-soybean meal (corn-SBM) diets 
which contained low ME levels with lysine (Lys), methionine (Met) 
and threonine (Thr) above that recommended by the National Research 
Council (NRC, 1994) on broiler performance, carcass characteristics 
and serum constituents from 12 to 33 d of age. A total of 100 Ross 
chicks were randomly distributed in a randomized complete block de-
sign among 20 cages with 5 replicate cages / treatment with four dietary 
treatments: T1 = Control diet (21% CP and 3150 kcal/kg ME); T2, T3 
and T4 contained 19.5% CP and 115% of Lys, Met and 108% of Thr 
compared to the NRC requirements; T2, T3 and T4 contained 3150, 
3100 and 3050 kcal of ME/kg, respectively. Cumulative feed intake, 
body weight gain (BWG) and feed conversion ratio (FCR) from 12 to 
33 d of age was not affected by treatment. Birds which had received 
T2 and T3 had a higher dressing percentage compared to those which 
had received T1. Breast muscle yield followed the same trend; heavier 
breasts were obtained from birds which had received T2 and T3. Serum 
total protein and total lipid concentrations were significantly affected 
by treatment. Serum from birds which had received the control diet had 
the lowest total protein and highest lipid concentrations as compared to 
all other treatments. Serum uric acid concentration was influenced by 
treatment; it was significantly higher for birds which had received the 
control diet compared to all other treatments. Based on presented evi-
dences, it can be concluded, that by fortifying crystalline amino acids 
(AA) to broilers diet at this stage of production, dietary CP and ME 
could be reduced to 19.5% and 3050 kcal/kg, respectively.

Key Words: Broiler, Performance, Serum metabolite, Lysine, Methionine

M82 Standardized Ileal Amino Acid Digestibility of Feed Ingre-
dients in Laying Hens and Broilers Sunday Adedokun*1, Patricia 
Jaynes1, Robert Payne2, Todd Applegate1 1Department of Animal Sci-
ences, Purdue University, West Lafayette, IN, 2Evonik-Degussa Corpo-
ration, Kennesaw, GA

The objective of this study was to determine standardized ileal amino 
acid digestibility (SIAAD) of 5 bakery by-product (BBP), 3 corn, 3 
soybean meal (SBM), and 1 wheat middling (WM) samples in 21 d-old 
broilers and young (YLH, 30 wk-old) and old (OLH, 50 wk-old) laying 
hens (Hyline W36). Standardization was by correcting for basal endog-
enous amino acid (EAA) losses using a nitrogen-free diet (NFD). There 
was no difference (P>0.05) in ileal endogenous amino acid flow be-
tween 21-d-old broilers, YLH, and OLH. Broilers were reared in cages 
from d 0 to 16 on a standard broiler starter diet after which they were 
randomized to treatments using a randomized complete design with 6 
replicate cages of 8 birds/cage per diet. Each feed ingredient was the 
sole source of amino acids in each semi-purified diet which was fed for 
5 d. Broilers had higher (P < 0.05) SIAAD in 2 of 5 BBP while there 
was no difference (P > 0.05) in SIAAD values between 21-d-old broil-

ers and YLH. Broilers had higher (P < 0.05) SIAAD for Met, Thr, Val, 
Ala, Cys, Gly, and Ser compared to OLH in 2 of the 3 SBM samples. 
Standardized IAAD was higher (P < 0.05) for all AA in one of the 3 
corn samples while SIAAD was higher (P < 0.05) for His, Leu, Met, 
Phe, Val, Cys, Glu, and Pro in broilers relative to digestibility in OLH 
in the remaining 2 corn samples. There was no difference (P < 0.05) in 
SIAAD values in birds fed diet containing WM. Considerable differ-
ences were noted in crude protein (CP) digestibility between broilers 
and laying hens. The range of CP digestibility values, percentage unit 
difference, was between 0.06 and 12.32 (BBP), 1.35 and 2.50 (SBM), 
0.35 and 8.60 (corn). Generally, broilers had 4.42%-units (BBP), 
3.6%-units (corn), and 2.1%-unit (SBM) more CP digestibility than 
laying hen. Results from this study confirm the initial observation from 
previous studies that AA digestibility from the same feed ingredient in 
broilers may be different from that of laying hens. Secondly, variations 
in digestibility values within each feed ingredient underscores the fact 
that same feed ingredient from different sources may not be similar.

Key Words: amino acid digestibility, bakery by-product, broilers, lay-
ing hen, SIAAD

M83 Effects of calcium and phosphorus levels on Heritage broilers 
from 50 to 63 days of age E.O Oviedo-Rondón*1, M.R. Dalmagro1, 
M.J. Da Costa1, P.L. Mente2, K.N. Claassen1, A. Mitchell3, H. Engster4, 
R. Mitchell4 1Department of Poultry Science, North Carolina State 
University, Raleigh, NC, 2Department of Biomedical Engineering, NC 
State University, Raleigh, NC, 3USDA, ARS, ANRI, Beltsville, MD, 
4Perdue Farms Inc., Salisbury, MD

A study was conducted to evaluate the effects of calcium (Ca) and phos-
phorus (nPP) levels during the withdrawal phase (50 to 63 d) on perfor-
mance, bone traits and leg abnormalities of Heritage broilers. Common 
starter, grower and finisher corn-soybean diets were fed from 1 to 17, 
18 to 35 and 36 to 49 d of age, respectively. 16 experimental diets were 
formulated to contain combinations of 4 levels of Ca (0.52, 0.64, 0.76, 
0.88%) and 4 levels of nPP (0.18, 0.26, 0.34, 0.42%). There were 6 
replicate pens per treatment, and each pen had 7 male and 7 female 
broilers during the withdrawal phase. BW gain, FI, and FCR were as-
sessed at the end of each dietary phase. At 59 d of age, Ca and P reten-
tion was evaluated. Leg abnormalities were evaluated at 63 d of age 
by assessing the prevalence of valgus/varus, crooked toes, and twisted 
legs. Legs were collected and shanks used for bone mineral content and 
density (BMC and BMD). Bone strength evaluation in 3-point bending 
and tibial dyschondroplasia (TD) scores were recorded. Thighs were 
mechanically deboned. Data were analyzed as a completely random-
ized block design by response surface methodology. Male BW gain was 
affected by the interaction of Ca and P levels, while females BW gain 
was affected quadratically (P≤0.05) by Ca levels during the withdrawal 
phase. Ca had a quadratic effect (P≤0.05) on FI and FCR during the 
treatment phase. Male BMD was affected linearly (P≤0.01) by Ca and 
P, and BMC quadratically (P≤0.01) by Ca. Quadratic effect (P≤0.05) of 
P was observed in female BMD. Ca retention was affected quadratically 
(P≤0.01) by Ca; however, no treatment effects were observed in P re-
tention. Female bone strength in 3-point bending was affected (P≤0.05) 
positively by raising Ca levels. On leg abnormalities, valgus prevalence 
was affected by Ca and P levels quadratically (P≤0.05). The incidence 
of total bone breakage on mechanical deboning was affected quadrati-
cally (P≤0.05) by P levels. These results led to the conclusion that Ca 
and P levels in withdrawal diets influence live performance, bone min-
eralization and strength, Ca retention, and valgus prevalence.

Key Words: Calcium, Phosphorus, Live performance, Mechanical 
deboning, Leg health
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M84 Ileal digestibility of energy, starch, fat, and protein in corn- or 
wheat-based broiler diets containing exogenous carbohydrases and 
protease Luis F Romero*1, Peter W Plumstead1, V Ravindran2 1Danisco 
Animal Nutrition, Marlborough, Wiltshire, United Kingdom (Great Brit-
ain), 2Massey University, Palmerston North, Manawatu, New Zealand

Two studies with 21-d-old (n=432) or 42-d-old (n=288) Ross-308 male 
broilers were performed to evaluate changes on the ileal energy contribu-
tion of substrates in response to xylanase and amylase without (XA), or 
with protease (XAP) in four diet types. Studies had a 2 x 2 x 3 factorial 
arrangement of treatments with two base grains (corn-soy or wheat-soy 
diets); two levels of fibrous protein ingredients (without or with 10% corn-
DDGS and 5% canola meal); and three enzyme levels. At 12 d or 32 d, three 
enzyme levels were applied: a negative control with 500 FTU/kg phytase 
(NC); NC with XA, or NC with XAP (Axtra XAP™, Danisco Animal Nu-
trition). At 21 d or 42 d, birds were euthanized; ileal digesta were collected 
and analyzed to determine apparent digestibility of energy, starch, fat, and 
protein. Data were analyzed with a generalized linear model. Significant 
differences were assessed at P<0.05. Across diet types, starch digestibility 
increased with XA (97.8% at 21 d; 96.6% at 42 d) and XAP (97.9% at 21 
d; 97.0% at 42 d) compared to the NC (96.3% at 21 d; 93.4% at 42 d), but 
no differences were observed between XA and XAP. XA (84.4%) and XAP 
(85.8%) increased (P<0.05) protein digestibility at 21 d (NC=82.7%); but 
only XAP (85.1%) increased (P<0.05) protein digestibility compared to 
the NC (82.4%) at 42 d. Both XA (83.3%) and XAP (84.0%) increased 
fat digestibility compared to the NC (80.2%) at 21 d. At 42 d, XA (87.9%) 
increased fat digestibility compared to NC (86.6%); and XAP (89.4%) fur-
ther increased fat digestibility compared to XA. Compared to NC (3,199 
or 3,417 kcal/kg DM), XA increased ileal digestible energy (IDE) by 52 
or 87 kcal, and XAP increased it by 104 or 152 kcal/kg DM at 21 d or 42 
d, respectively. Enzyme x protein ingredient interactions were not evident 
for starch, fat, or protein digestibility. Enzyme x grain interactions were 
present for starch digestibility at 21 and 42 d, and for fat digestibility at 21 
d. Nonetheless, enzyme x grain, and enzyme x fibrous protein ingredient 
interactions were not observed for IDE. Energy digestibility effects of en-
zymes observed across diet types were consistent.

Key Words: broiler, starch, fat, protein, enzyme

M85 NIRS calibrations for total and phytate P in poultry feed in-
gredients Muhammad Tahir*1, Mi Yeon Shim2, Nelson Ward3, Gene 
Pesti2 1Department of Animal Nutrition, Agricultural University, Pe-
shawar, Khyber Pakhtunkhwa, Pakistan, 2University of Georgia, Ath-
ens, GA 3DSM Nutritional Products Inc, Parsippany, NJ

An attempt was made in this study to calibrate an NIR spectrometer for 
total and phytate P of common poultry feed ingredients. Samples were 
obtained from the USA and Canada (133 corn, 114 soybean meal (SBM), 
89 distiller’s dried grains with solubles (DDGS), 95 bakery by-product 
meal (BBPM), 22 wheat, 31 wheat middlings, 21 canola meal and 15 
wheat shorts). NIRS predicted phytate P much better than total P. One 
minus the variance ratio (1-VR) was positive for all calibrations except 
for total P in SBM and canola meals. It demonstrates that using the NIRS 
estimate is better than using the average analyzed value for any given 
sample. The NIRS estimate to laboratory analysis relationships for total 
P ranged from RSQ=0.03 for SBM to 0.85 for BBPM. For phytate P 
they ranged from 0.64 (wheat) to 0.89 (BBPM). The average values for 
the laboratory determinations versus NIRS predictions were all within 
0.030 for total P and 0.012 for phytate P. The standard errors of predic-
tions (SEP’s, %) for total P and Phytate P were: corn (0.083 vs 0.014); 
SBM (0.049 vs 0.009); DDGS (0.027 vs 0.023); BBPM (0.082 vs 0.018); 
wheat (0.044 vs 0.024); wheat middlings (0.142 vs 0.017); canola meal 
(0.088 vs 0.012) and wheat shorts (0.087 vs 0.013). These SEP’s may be 
sufficiently precise for most nutritionists to use the NIRS predictions to 

estimate how much of the P in their ingredients was not available to their 
birds (without supplemental phytase). The prompt and accurate estimate 
of phytate P in feed ingredients should allow for more efficient feed for-
mulation and mixing, lowering feed costs and reducing the amount of 
residual polluting P in poultry excreta.

Key Words: NIR, Calibration, Phosphorus, Phytate P, Feed Ingredients

M86 Effect of adding dietary guar bean, guar meal and guar gum 
on productive performance of broiler chicks Sherif Hassan*1, S. M. 
Hassan and Y.M. Al-Yousef2 1Assistant Professor, 2Animal and fish 
production Department, King Faisal University, Al-Hufof, Al-Hassa, 
31982, Saudi Arabia.

Two hundred forty one-d-old broiler chicks were randomly distributed 
among 4 treatments with 3 replicates of 15 chicks per replicate. Chicks 
were assigned to one of the following treatments: 1) chicks fed broiler 
starter control diet, 2 ) chicks fed control diet containing 2.5% guar meal, 
3) chicks fed control diet containing 1.35% guar gum, and 4) chicks fed 
control diet containing 3.8% guar bean. Weekly body weight, body weight 
gain, feed intake, feed conversion, and mortality rate were recorded from 
0 to 28 d of age. Body weight and body weight gain of chicks fed guar 
gum were significantly higher than control chicks at 7d. Feed conversion 
of chicks fed guar gum was significantly higher than other treatment groups 
at 14 d. Mortality rate of chicks fed guar bean was significantly higher than 
chicks fed guar gum and control chicks during 2 wk of age. Feed intake of 
chicks fed guar gum was significantly higher than other treatment groups 
during 2 wk of age, while chicks fed guar bean increased feed intake com-
pared with the other treatment groups during 3 and 4 wk of age. Results 
suggest that guar gum and unknown compound in guar bean and guar meal 
rather than residual guar gum were responsible for some adverse effects 
observed when guar meal was fed for broiler chicks. 

Key Words: broiler, guar bean, guar gum, guar meal, growth

M87 Nitrogen and mineral balance in broiler chickens fed diets 
supplemented with organic copper O.L.A. Rodriguez*1, A.M.J. Gon-
zalez1, R.S. Gomez2, M.L. Angeles2 1Universidad Autonoma Chapin-
go, Ajuchitlan, Queretaro, Mexico, 2CENIDFyMA-INIFAP, Ajuchitlan, 
Queretaro, Mexico

An experiment was carried out to evaluate the nitrogen (N), Copper 
(Cu), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), 
iron (Fe), manganese (Mn) and zinc (Zn) content, deposition and effi-
ciency of use in broilers chickens supplemented with organic Cu. Ross 
B308 broilers were reared in floor pens from 1 to 49 d of age. Diets were 
formulated following the nutrient recommendation for starter (1-14 d), 
grower (15 to 28 d) and finisher (29 to 49 d) broilers. In each phase, 
diets were supplemented with 3 increasing level of organic Cu (0, 100 
and 200 ppm in the feed). Each treatment was applied to two female and 
two male replicates with 26 birds in each. At the end of the experiment, 
two broilers from each pen were slaughtered by cervical dislocation to 
analyze the N and mineral content. At the beginning of the study, four 
groups of one d old chicks were also slaughtered to analyze the initial 
N and mineral composition. Then, the total amount and efficiency of N 
and mineral use were estimated for all the experimental period. Results 
were subjected to ANOVA with four female and four male replicates 
for each treatment. The results show that the N concentration and the K 
deposition in the carcass was higher (P < 0.05) for Cu0. The content and 
deposition of Cu were linearly increased as the dietary Cu increased (P 
< 0.05), but the efficiency of Cu use was similar for Cu100 and Cu200 
(Quadratic, P < 0.05). The content, deposition and efficiency of P use 
were greater for Cu100 and Cu200 (Quadratic, P < 0.05). The content, 
deposition and efficiency of Fe use were greater for Cu100 (Quadratic, 
P < 0.05). Males had greater body weight, deposition and efficiency of 
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N use (P < 0.01) and greater (P < 0.05) deposition and efficiency of K, 
Fe, Cu and Zn use than females. The results show that the efficiency of 
Cu, P and Fe were improved by organic Cu, however these improve-
ments were override because of the low overall efficiencies estimated 
for Cu= 1.18, P= 29.5, K= 17.1, Ca= 31.6, Mg= 0.12, Fe= 3.8, Mn= 
0.66 and Zn= 8.1% indicating that the high mineral concentration in the 
diet was the main cause of the greatest excretion and the lowest mineral 
retention in the carcass of broilers.

Key Words: Broilers, Organic copper, Nitrogen efficiency, Mineral ef-
ficiency

M88 Effect of in ovo selenium injection of broiler breeder eggs on 
tissue selenium concentration, lipid peroxidation, immune response 
and post hatch development Lizza Macalintal*, Austin Cantor, An-
thony Pescatore, Karl Dawson, James Pierce, Michael Ford, Tuoying 
Ao, H. David Gillespie, Amber Meredith Alltech-University of Ken-
tucky Nutrition Research Alliance, Lexington, KY

The effects of injecting graded levels of selenium (Se) as seleno-L-
methionine (Se-Met) or sodium selenite (Na2SeO3) in the yolk of fertile 
broiler breeder eggs after 10 d of incubation on tissue Se, lipid per-
oxidation, immune response and post hatch development were inves-
tigated. Eggs were injected with 0.1 ml of a phosphate buffered saline 
solution containing 0, 2.5, 5, 10, 20 or 40 µg Se as either Se-Met or 

Na2SeO3. Two replicate groups of 25 eggs were allotted for each dose 
per Se source. Embryo viability assessed by candling ranged from 58 to 
91% at 18 d and from 52 to 87% at 20d and was not affected by treat-
ments. Lipid peroxidation in samples collected at 20d of incubation was 
decreased (P <0.005) in lung and heart, but not liver and breast muscle, 
in chicks from the Se-Met treatment. Hatchability of fertile eggs was 
higher (P < 0.007) for Se-Met than for Na2SeO3 treatments. At day of 
hatch, four replicate groups of six chicks per injection dose from each 
Se source were placed in cages and fed a corn-soybean meal diet with-
out Se or vitamin E supplementation. Mean BW at 1, 7, 14 and 21d of 
age was not significantly affected by treatments (P >0.05). At 7d of age, 
chicks from the Se-Met injection treatments, in contrast to those from 
the Na2SeO3 treatments, showed higher (P <0.01) Se concentrations in 
the lung, heart, but not liver. The elevated tissue Se due to injecting Se-
Met was also seen after 14 and 21d in the lung (P <0.005), but not in 
other tissues. Antibody titers were not different at 7d post primary and 
4d post secondary SRBC injection. The results of this study showed 
that in ovo Se-Met injection resulted in higher hatchability, reduced 
lipid peroxidation in the lung and heart muscle and Se concentrations 
in heart and breast muscle through 7d and lung though 21d of growth.

Key Words: in ovo injection, selenium, SRBC, lipid peroxidation, 
broilers

SCAD/Avian Diseases II
T89 Investigating the turkey gut virome and its role in enteric dis-
ease J. Michael Day* USDA-ARS, Athens, GA

The information regarding the complete viral constituency in the poul-
try gut is lacking. For decades, researchers have investigated the possi-
ble etiologic agents associated with the recognized enteric disease syn-
dromes and concomitant performance problems in chicken and turkey 
flocks. Several viruses with possible roles in enteric disease have been 
described, but no single virus has been definitively implicated as the sole 
causative agent of the syndromes such as Runting-Stunting Syndrome 
(RSS) in broiler chickens or Poult Enteritis Complex (PEC) in young 
turkeys. Attempts to re-create these syndromes with isolated viruses in 
experimental birds often fail to reproduce all the signs noted in affected 
flocks in the field. Recently, we have begun using ultra high-throughput 
nucleic acid sequencing (Roche/454 GS-FLX pyrosequencing platform 
and associated protocols) to prepare viral metagenomes representing 
the complex viral community in the turkey gut. These investigations 
have identified novel enteric RNA viruses that may play roles in the 
enteric diseases and performance problems noted in the field, leading to 
new molecular diagnostic assays for certain viruses. Subsequent inves-
tigations in our laboratory have focused on comparative metagenomic 
analyses designed to identify disease-associated viruses and genes. The 
present report will focus on the novel and unique poultry enteric viruses 
we have identified using this and similar approaches, and will provide 
details on the bioinformatic workflow developed to analyze the exten-
sive sequence data generated during our comparative investigations.

Key Words: turkey gut virome, enteric disease

T90 Rapid and cost-effective molecular Salmonella serotyping 
assay utilizing Luminex® multiplexing technology. Gunjot Rana*1, 
Michaela Hoffmeyer1, Brad Mire1, Douglas Waltman2 1Luminex Corp., 
Austin, TX 2Georgia Poultry Lab Network, Oakwood, GA

Salmonella infections are among the leading bacterial cause of illness 
in the United States, with poultry being a major global reservoir of Sal-
monella. Because of health concerns and the cost burden associated 

with Salmonella infections, regulations require reporting of Salmonella 
serotypes for detected cases. Traditionally, Salmonella serotyping has 
been done manually by tube agglutination. This process is time con-
suming, subjective and expensive. We propose a CDC and NVSL vali-
dated, rapid molecular method capable of completely serotyping 95% 
of the isolates received by an average laboratory in 3.5 hours while pro-
viding partial results for most other serovars. The advantages of using 
a molecular approach include ability to serotype rough and problematic 
isolates, no phase inversions, improved reliability, high throughput, in-
creased time efficiency, decreased cost, all while yielding results that 
mirror traditional serotyping methods. In a blind study, this assay was 
tested on 139 samples obtained from the Georgia Poultry Lab Network 
and results were compared to classical agglutination. Samples with dis-
crepant results were tested by NVSL. These results demonstrate excel-
lent co relation between serotyping via classical agglutination and the 
xMAP Salmonella serotyping assay proving that molecular serotyping 
is an accurate and rapid alternative to traditional serotyping. Adoption 
of this method will lead to decreased serotyping cost for egg and poul-
try producers and increased ability to control outbreaks.

Key Words: Salmonella, Luminex, molecular, serotyping

T91 Comparative Efficacy of  Citrex Liquid (drinking water ) or 
Citrex Powder (feed  additive ) for the Reduction of Salmonella in 
Broiler Chickens Greg Mathis*1, Brett Lumpkins1, Charles Hofacre2, 
Manuel Contreras3 1Southern Poultry Research, Inc., Athens, GA 2Uni-
versity of Georgia, Athens, GA, 3Citrex, Inc., Miami, FL

The objective of the study was to evaluate the reduction of Salmonella 
when Citrex, an organic antimicrobial, was administered in the drinking 
water and/or feed. This antimicrobial is a complex obtained from the 
physical reaction between ascorbic, lactic, and citric acids combined 
with glycerin. A 42 day floor- pen study with coccidia vaccinated and 
Salmonella heidelberg challenged Cobb-male broilers was conducted 
using a randomized block design with 4 treatments and 6 replications of 
50 birds/pen. Treatments were the following: 1. Non medicated (NM), 
2. Citrex liquid (CL) 1000 ppm (D39-42) administered through water, 
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3. Citrex Powder (CP) incorporated into the feed at 600 ppm (D35-
42), and 4. T2 and T3 (CL+CP). Using Tukey (HSD) comparison of 
means test (P<0.05), the results obtained at 42 days of age showed no 
significant differences in performance among treatments (body weight, 
feed conversion or water consumption), demonstrating that the organic 
antimicrobial treatments were not detrimental to broiler growth. On 
Day 14, using drag swabs, the litter in all pens was found to be posi-
tive for Salmonella. The combination treatment (CL + CP) significantly 
reduced environmental Salmonella contamination levels by 50% com-
pared to other treatments. CL, CP, and CL + CP significantly reduced 
the number of Salmonella positive cecas compared to NM (NM 45%, 
CL 17%, CP 12%, and CL + CP 12% positive). CL, CP, and CL + CP 
significantly reduced the number of Salmonella positive crops com-
pared to NM with the combination being significantly lower than CL 
or CP alone (NM 35%, CL 13%, CP 18 %, and CL + CP 7 % positive). 
This study demonstrated the benefits of Citrex when administered in the 
drinking water, feed, or in combination to reduce Salmonella in broilers 
as well as in the environment.

Key Words: Salmonella, Citrex Liquid, Citrex Powder, Chicken

T92 Assessment of the probability of reassortment between pan-
demic H1N1 (pH1N1) influenza virus with avian influenza subtype 
viruses Jennifer Pfeiffer*, David Suarez Southeast Poultry Research 
Laboratory, Athens GA

Pigs are typically considered the mixing vessels of avian and human 
influenza viruses. However, because avian species are the natural reser-
voir of influenza viruses and can often be infected by any influenza sub-
types without showing signs of disease, there is a chance that they too 
can serve as mixing vessels for human- and avian-adapted reassortants. 
Theoretically, if a bird is infected with an avian virus and later contracts 
a human influenza isolate that is able to replicate in the bird, the infect-
ing viruses may reassort, potentially resulting in a virus that can grow 
well in and be easily transmitted between humans and/or birds, creating 
a public health threat. The purpose of the current project was to de-
termine the likelihood of reassortment occurring between pH1N1 and 
other avian influenza virus subtypes in an avian system. Ten-day-old 
embryonated chicken eggs were coinfected first with a pH1N1 isolate 
and then an avian-adapted virus of a different hemagglutinin subtype. 
Twenty-four hours after inoculating the eggs with the avian virus and 
at the time of embryo death, allantoic fluid was harvested. Allantoic 
fluid will be used in plaque assays with MDCK cells to isolate any reas-
sortant viruses. Plaques will be individually selected and passaged in 
cell culture to amplify the virus. Real-time RT-PCR using primers spe-
cific to each of the pH1N1 and avian virus gene segments will be used 
to screen for potential reassortants. Sequencing of each detected virus 
reassortant’s genes will be used to analyze for any additional mutations 
that were created. Information obtained in this study will be valuable 
for estimating the likelihood of reassortment occurring between pH1N1 
and avian influenza viruses that are circulating in poultry.

Key Words: reassortment, pandemic H1N1, avian influenza, coinfec-
tion, plaque assays

T93 Complete genome sequence and clinicopathological charac-
terization of a virulent Newcastle disease virus isolated from poul-
try in South America Diego Diel*1, Leonardo Susta2, Stivalis Carde-
nas Garcia3, Mary Lea Killian4, Corrie Brown2, Patti Miller1, Claudio 
Afonso1 1Southeast Poultry Research Laboratory, Athens, GA, 2The 
University of Georgia, College of Veterinary Medicine, Athens, GA, 3In-
vestigación Aplicada S.A., Tehuacán, Puebla, Mexico, 4USDA, APHIS, 
Diagnostic Virology Laboratory National Veterinary Services Labora-
tory, Avian Viruses Section Laboratory, Ames, IA

Newcastle disease (ND) is one of the most important diseases of poul-
try, negatively affecting poultry production worldwide. The disease 
is caused by Newcastle disease virus or avian paramyxovirus type-1 
(APMV-1), a negative sense single-stranded RNA virus of the genus 
Avulavirus, family Paramyxoviridae. Although all NDV isolates char-
acterized to date belong to a single serotype of APMV-1, significant 
genetic diversity has been described between different NDV isolates. 
Here we present the complete genome sequence and the clinicopatho-
logical characterization of a virulent Newcastle disease virus isolate 
(NDV-Peru/08) obtained from poultry during an outbreak of ND in 
Peru in 2008. Phylogenetic reconstruction based on the complete ge-
nome sequence demonstrated that NDV-Peru/08 is clearly distinct from 
viruses of other known NDV genotypes. Analysis of the evolutionary 
distances between NDV-Peru/08 and isolates representing established 
NDV genotypes revealed the existence of large genomic and amino dif-
ferences that distinguish this isolate from viruses of typical NDV geno-
types. Although NDV-Peru/08 is a genetically distinct virus, pathogen-
esis studies conducted in chickens revealed that NDV-Peru/08-infection 
results in clinical signs characteristic of velogenic viscerotropic NDV 
strains. Additionally, vaccination studies have shown that an inactivated 
NDV-LaSota/46 vaccine conferred full protection from NDV-Peru/08-
induced clinical disease and mortality. Characterization of novel NDV 
isolates that occasionally emerge and cause outbreaks or of those that 
frequently circulate worldwide are important to improve the current un-
derstanding of NDV epidemiology and evolution, and for the develop-
ment of improved control and diagnostic strategies.

Key Words: Newcastle disease virus, APMV1, Phylogenetic analysis, 
Pathogenesis, South America

T94 Generation and characterization of a LaSota strain-based 
recombinant Newcastle disease virus expressing the red fluores-
cent protein for use in co-infection studies Patti Miller*1, Haixia Hu2, 
QIngzhong Yu1, Diego Diel1, Jinnan Li3 1Southeast Poultry Research 
Laboratory, Athens, GA, 2Jilin University, Changchun, Jilin, China, 
3Northeast Agricultural University, Harbin City, Heilongjiang, China

Newcastle disease virus (NDV) infections result in significant eco-
nomic losses to poultry producers around the world. The LaSota and 
B1 vaccine strains of NDV are commonly used to prevent losses from 
Newcastle disease. Recombination of NDV is thought to occur based 
on the genomes of NDV isolates that appear to be mixtures of more than 
one NDV. For recombination to occur, two different NDV isolates must 
infect the same cell at the same time. Our goal was to assess the ability 
of two strains of NDV (LaSota and B1) to co-infect chicken cells in 
vitro. We generated a NDV LaSota strain cDNA clone, inserted the red 
fluorescent protein (RFP) gene, and rescued an infectious, recombinant 
NDV LaSota virus (rLS-RFP) by using reverse genetics approaches. 
The appearance of RFP in live infected cells confirmed the recovery 
of rLS-RFP expressing the reporter gene. The replication kinetics in 
DF-1 cells and pathogenicity in eggs and chickens of rLs-RFP did not 
differ significantly from that of the backbone, rLaSota virus without the 
RFP insert. The recombinants, rLS-RFP and rB1-GFP (recombinant B1 
with the green fluorescent protein), were used to co-infect DF1 cells at 
different time points. When both viruses were inoculated in DF1 cells 
at the same time point, a 15% co-infection rate was obtained. Addition-
ally, when the rB1-GFP and the rLS-RFP were inoculated with intervals 
of 1h, 2h, 3h and 12h between each virus, the co-infection rates were 
10%, 9%, 7% and 3%, respectively. These results confirm that different 
NDV strains can co-infect cell cultures in vitro.

Key Words: NDV, reverse genetics, poultry, co-infection, APMV1
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T95 Essential oil compounds in combination with benzoic acid as a new 
feed additive concept: effects on performance of broiler chickens Cees 
Kwakernaak1, Laura S. Star1, Gilbert M. Weber*2 1Schothorst Feed Research 
B.V., Lelystad, AM, Netherlands, 2DSM Nutritional Products Ltd., Kaise-
raugst, AG, Switzerland

Since the EU-ban on antimicrobial growth promoters, the poultry industry 
needs alternative products capable of positively modulating the gut microflora. 
A new feed additive formulation has been developed, which is based on the 
combination of a mixture of essential oil compounds (main actives: thymol, 
eugenol, piperine) and benzoic acid to improve digestion and to reduce the 
negative impact of harmful bacterial activity. This new product, CRINA® 
Poultry Plus (CPP), was tested in a performance study with broilers. CPP 
was added at 0, 150, 300 and 450 mg/kg to starter (0-22 d), grower (22-35 
d) and finisher (35-42 d) broiler diets. Diets were wheat (40-45%) and bar-
ley (5%) based and fed to either Ross 308 males or females (62 birds/pen). 
AMEn for broilers (kcal/kg) / digestible lysine (g/kg) content was 2900/10.6, 
3025/10.2, and 3050/10.0 for starter, grower and finisher respectively. Mineral 
as well as vitamin contents met the NRC requirements. Starter and grower 
diets contained a chemical coccidiostat and no NSP enzymes were used. All 
diets were pelleted and were tested with 6 pens (replicates) per gender. Feed 
and water were given ad libitum. Performance data was statistically analysed 
using ANOVA (Genstat) with diet and gender as treatment factors. No interac-
tion effects between gender and diet or effect of dietary treatment on mortality 
were found. Feed conversion ratio (FCR) of the broilers on CPP was numeri-
cally improved in starter (+1%), grower (+1-1.5%) and finisher phase (+1-
5%). This resulted in a significantly (P=0.03) improved FCR from 0 to 42 d, 
when at least 300 mg/kg CPP was supplemented. Over 42 days FCR varied 
from 1.760 for the unsupplemented groups and 1.741, 1.732 and 1.735 for the 
dietary groups when 150, 300 and 450 mg/kg CPP was added respectively.Un-
der these conditions, the addition of 300 mg/kg CPP to a wheat/barley based 
broiler diet did significantly improve FCR of highly productive broilers from 
0-42 days of age.

Key Words: Broilers, Feed additives, Essential oil compounds, Benzoic acid, 
Performance

T96 Dose response effects of a formulation of essential oil compounds 
with an organic acid in broilers Hervé Juin1, Gilbert M. Weber*2 1INRA 
Magneraud, Surgéres, Surgéres, France,  2DSM Nutritional Products Ltd., 
Kaiseraugst, AG, Switzerland

A 6-week floor pen experiment was conducted in order to evaluate the efficacy 
of CRINA® Poultry Plus (CPP), a combination of essential oil compounds 
(thymol, eugenol, piperine) with benzoic acid, when added to a wheat-based 
diet in broilers (Ross PM3). Control diets were formulated with 3000 kcal me-
tabolisable energy and 20% crude protein or 3100 kcal metabolisable energy 
and 19% crude protein for starter (1-22 days) and grower periods (23-43 days) 
respectively. CPP was added at inclusion levels of 0 (control), 200, 300 and 
400 g/T of feed. Each of the 4 dietary treatments was assigned to 6 pens of 
40 male and 6 pens of 51 female birds. Body weight at 22 and 43 days of 
age and feed conversion ratio (FCR) per pen and per period were monitored 
as performance parameters. At 23 days, cecal contents from 4 birds per pen 
were collected and analyzed for specific intestinal bacteria (Lactobacilli, Clos-
tridium, Coliforms and Streptococci). At 44 days, carcass yield was measured 
on 5 birds per pen. No differences between groups were observed for FCR, 
cecal microorganisms or carcass yield, but growth was improved. In females, 
dietary supplementation with CPP at 300 g/T significantly improved weight 
at 22 days of age from 760 g (negative control) to 790 g (+ 3.9%). In males, 
dietary supplementation with CPP at 300 g/T significantly improved weight at 
22 days of age from 795 g (negative control) to 866 g (+ 8.9%) and weight at 
43 days of age from 2757 g (negative control) to 2860 g (+3.7%), respectively. 
Since CPP300 resulted in the highest body weight of all treatments (significant 
on day 22), 300 ppm of CPP was considered as the optimum dose. CPP dem-

onstrates the ability to improve broiler performance and potentially function as 
an alternative to antibiotic growth promoters.

Key Words: Broilers, Essential oils, Benzoic acid, Performance

T97 Effect of a dietary feed additive with anti-inflammatory proper-
ties on growth performance and immune response of chickens Theo Nie-
wold1, Kurt Van de Mierop*2, Anne Goderis2 1Catholic University of Leuven, 
Department Animal-Feed-Quality, Heverlee, Vlaams-Brabant, Belgium, 2NU-
TREX NV, Lille, Antwerp, Belgium

This experiment was carried out to study the effect of dietary supplementation 
of a feed additive containing natural anti-inflammatory substances (Y-Mune) 
on the performance and on the inflammatory response of chicks immunized 
with human serum albumin (HSA). 200 male chicks were randomly allocat-
ed to 8 floor pens. 2 treatments were studied, with 4 repeats per treatment. 
One group received a commercial diet, while the other received the same diet 
supplemented with 300 ppm Y-Mune. At d14, starter diet was changed for a 
commercial finisher diet. The chicks that received the Y-Mune-supplemented 
starter diet were now provided with the 300 ppm Y-Mune-supplemented fin-
isher diet. Body weight (BW) and feed intake were recorded per pen at 2, 4 and 
6 weeks (wk) of age. At 3 weeks of age, 3 chicks per pen were taken at ran-
dom and a blood sample was collected from a wing vein. These chicks were 
then injected subcutaneously with 100 µg HSA (100 µg HSA/100 µl PBS and 
Freund’s complete adjuvant (FCA): 50:50 v/v). 2 other chicks per pen of each 
group were injected subcutaneously with 100 µl phosphate-buffered saline 
(PBS) as control vehicle. During the next 3 weeks, blood samples were taken 
regularly. 14 d after the first immunization, the HSA-challenged chickens re-
ceived a 2nd immunization with HSA. The control chicks received a similar 
volume of PBS. The acute phase protein (APP) response was measured by 
quantification of Ceruloplasmin (Cp) concentrations. ELISA was used for 
quantification of anti-HSA IgG. Data on performance and plasma parameter 
values were analyzed with a two-factor ANOVA with age and diet as variables. 
At d42, the Y-Mune-supplemented chicks had the highest BW and the low-
est total feed conversion compared to the control chickens (3105 g vs 2940 g 
and 1,674 vs 1,756) (not statistically significant (p< 0.01) compared with other 
programs. The number of Enterobacteriaceae was increased significantly(p< 
0.05). The total number of anaerobic bacteria was significantly decreased (p< 
0.05) by BSC and by AGP. It was concluded from this study that BSC im-
proved FCR in the presence of VM or BMD® and BSC may potentially con-
tribute to reducing the feed expense portion of broiler production cost.

Key Words: Bacillus subtilis C-3102, Calsporin, Broiler, direct-fed microbial, 
AGP

T98 Effect of Bacillus subtilis C-3102 (CALSPORIN®) with growth 
promoting antibiotics on live performance of broiler chickens. Tomo-
hiro Hamaoka*1, Brian Y. Lee1, Danny M. Hooge2, Michael D. Sims3, Naoki 
Otomo1 1Calpis USA, Inc., Mt. Prospect, IL, 2Hooge Consulting Service, Inc., 
Eagle Mountain, UT, 3Virginia Diversified Research, Inc., Harrisonburg, VA

Bacillus subtilis C-3102 (BSC) is utilized in a direct-fed microbial product 
CALSPORIN®. The BSC has been used to improve production performance 
in broilers since 1986. To investigate the effect of using BSC with growth 
promoting antibiotics (AGP), a 42-d trial was conducted. A 2X3 factorial ar-
rangement with 6 dietary treatments was used (BSC levels, 0 or 3x10^{5}^ 
CFU/g, and 3 AGP treatments). Virginiamycin (VM) and Bacitracin Methy-
lene Disalicylate (BMD®) were used as AGP. The 3 AGP treatments were: 
1) no antibiotics (NA); 2) VM 20 g/ton (VM20); 3) BMD® 50g/ton from 0 
to 7 d, BMD® 25g/ton from 8 to 35 d, then VM 20 g/ton from 36 to 42 days 
(BD/VM). There were 20 replicate pens with 30 Cobb 500 chicks each per 
treatment. The BW and feed conversion ratios (FCR) were measured at day 
21, 35 and 42. Fecal samples were collected from all pens at the end of the 
trial for microbial profiling. All data were analyzed by SAS/STAT using GLM 
procedure and Tukey’s HSD test to separate means. Significant improvement 
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(p<0.05) of FCR by BSC was observed through the trial period as a main 
effect. Cross effect of BSC and AGP was confirmed(p<0.05) and BSC with 
VM20 or BD/VM programs each showed better FCR compared with other 
groups during the trial period. The VM20 program showed best performance 
for body weight gain (p< 0.01) compared with other programs. The number of 
Enterobacteriaceae was increased significantly(p<0.05) in the AGP treatment 
groups, and the BSC with NA program group showed a lower number of En-
terobacteriaceae than AGP supplemented groups (p< 0.05). The total number 
of anaerobic bacteria was significantly decreased (p< 0.05) by BSC and by 
AGP. It was concluded from this study that BSC improved FCR in the pres-
ence of VM or BMD® and BSC may potentially contribute to reducing the 
feed expense portion of broiler production cost.

Key Words: Bacillus subtilis C-3102, Calsporin, Broiler, direct-fed micro-
bial, AGP

 T99 Hypocholesterolemic effect of herbal supplement on serum and 
egg yolk cholesterol in layers Shivi Maini*1, Ajay Kanduri2, Kotagiri Ravi-
kanth2, Vithal Munde1, Shirish Kokane1 1College of Veterinary & Animal 
Sciences, Udgir, Maharashtra, India, 2Ayurvet Limited, Baddi, Himachal, 
Pradesh, India

The relationship between cholesterol & atherosclerosis has long been of con-
cern. Plasma total cholesterol & low density lipoprotein (LDL) are closely 
related to atherosclerosis & excessive concentration of these two may lead 
to coronary artery disease or death. Ordinary chicken eggs provide protein, 
vitamins & lipids that contain high levels of cholesterol. Thus, eggs are con-
sidered to be a high-cholesterol food. In addition to genetic selection of chicks, 
research with lowering egg-yolk cholesterol has centered mostly on dietary 
manipulation, dietary supplementation & pharmacological intervention. An 
experiment was conducted to evaluate efficacy of Herbal hypocholesterolemic 
supplement (supplied by Ayurvet Ltd. Baddi, India) for its effect on cholesterol 
level in serum & egg yolk. Major constituent herbs of this hypocholesterol-
emic supplement are namely Allium satium, Emblica officinalis, Ocimum 
sanctum, Spirulina etc. 120 healthy 40 weeks old layer birds were divided in 
four groups with three replicates of 10 birds each. Herbal supplement was fed 
to the experimental group-II, III & IV@ 1 kg, 1.5 kg, 2 kg per ton of basal diet 
respectively & Group-I was kept as control and fed on basal diet. The experi-
ment was conducted for 12 weeks period from 40th to 52nd week. However 
the feeding treatment of test product for Group-II, III and IV was given dur-
ing the period from 40th week to 45th week (5 weeks). Later on all the four 
groups were kept on similar basal diet till the end of trial. Significant results 
(P<0.05) were observed in serum total cholesterol (145.78, 123.37, 104.82 and 
116.31mg/dl), serum triglyceride (2004.22, 1799.56, 1684.56 &1670.44 mg/
dl), serum HDL cholesterol (97.45, 78.94, 79.65 & 77.69 mg/dl), serum LDL 
cholesterol (31.37, 24.03, 22.51 & 21.88 mg/dl), egg yolk cholesterol (15.95, 
12.80, 12.38 & 12.42 mg/g), egg yolk HDL cholesterol (9.67, 7.94, 7.99 & 
7.86 mg/g) and egg yolk LDL cholesterol (5.71, 4.50, 4.26 & 4.43 mg/g) for 
experimental Group-I, II, III & IV, respectively. All four experimental groups 
have shown no significant difference (P > 0.05) in gain in weight, daily feed 
intake, egg production, FCR, egg weight, egg yolk weight, yolk index, haugh 
unit & yolk fat content. The experimental groups (II, III and IV) supplemented 
with herbal hypocholesterolemic product have shown reduced serum & egg 
yolk cholesterol parameters. It can be summarized that the addition of product 
is found to be efficacious in lowering yolk total cholesterol (18-22%), yolk 
HDL cholesterol (16-19%) and yolk LDL cholesterol (21-25%). It can be con-
cluded that the herbal hypocholesterolemic product can significantly & effec-
tively reduce the serum as well as yolk cholesterol.

Key Words: atherosclerosis, egg, herbal, hypocholesterolemic, yolk

T100 Study of the Presence of Heavy metals in Anti-Mycotoxin Addi-
tives Based in Aluminosilicates. Juan Carlos Medina B.*, Robertina Zuniga, 
Ruben Perez  Franco NUTEK S.A: de C.V., Tehuacan, Puebla, Mexico

The EU limits the contents of arsenic to 12 mg/kg, lead at 30 mg/kg, mercury 
at 0.1 mg/kg and cadmium at 5 mg/kg in aluminosilicate and raw materials of 

mineral origin which are used in making balanced feeds. Due to the above, 
a search of heavy metals was performed on two commercial products based 
in aluminosilicates (commercialized as aflatoxins adsorbents). The products 
are available in Latin American markets. One of the products is of national 
origin (Mexico) and the other is from the United States. Previous studies haven 
proven that deposits of aluminosilicates contaminated with arsenic have been 
found especially in Northern Mexico. The assays were performed by atomic 
absorption. Using the techniques of hydride generation to determine arsenic 
and mercury contents, lead was quantified by means of the flame technique 
and cadmium was determined with the graphite furnace procedure. The sam-
ples for analysis were sent to this laboratory. Arsenic and lead were analyzed in 
the 40 samples of the commercial product proceeding from the United States. 
All 4 heavy metals considered were tested on the 120 samples received by the 
laboratory of the national product. With the values obtained for each element 
and every one of the products, the average was calculated and the percentage 
of samples above the maximum level permitted was reported. For the national 
product, the average of the analyses of arsenic, it was of 3.3 ppm and for the 
imported product was 3.2 ppm, that is to say all the results were minor to the 
limit allowed of 12 ppm. In case of the contamination with lead: the national 
product was 14 ppm as an average, all the samples inside the international 
norm. The imported product was 29.4 ppm in average. 40 % of the samples 
were as brought out of the specification of 30 ppm. The national product I 
bring free of contamination with mercury and cadmium. The imported product 
was not analyzed for these elements. It was confirmed in this study that the 
imported product is contaminated with lead, 40% of the analyzed samples has 
a reported value above the tolerance level. The national product was reported 
free of contamination with arsenic, lead, mercury and cadmium.

Key Words: Mycotoxins, Feeds, Lead, Arsenic, Binder

T101 Effects of Aflatoxins and Fumonisins on performance of Broil-
ers and the efficacy of a Feed Additive containing Fumonisin degrading 
Enzyme Karin Naehrer*1, Carlos Mallmann2 1BIOMIN Holding, Herzogen-
burg,  Lower Austria, Austria, 2Federal University of Santa Maria, Santa Ma-
ria, RS, Brazil

Mycotoxins are a potential threat in poultry production leading to decreased 
performance and impaired health. An experiment was conducted at the 
SAMITEC Institute (Brazil) with mycotoxicological analysis carried out at 
the LAMIC lab of Universidade Federal De Santa Maria (Brazil) with the 
aim to evaluate the efficacy of an experimental feed additive containing a fu-
monisin degrading enzyme (FUMzyme®) in diminishing the toxic effects of 
aflatoxins (Afla) and/or fumonisins (FUM) added to broiler rations. 600 one-
day old COBB male broilers were divided into 8 treatment groups with 6 or 
12 replicates and 10 birds each replicate for 21 days. Group 1: Control group 
(no mycotoxins, no feed additive), Group 2: 0.5% feed additive containing 
Mycorase® FUM, Group 3: 2.8 ppm Afla, Group 4: 2.8 ppm Afla, 0.5% feed 
additive containing FUMzyme®; Group 5: 100 ppm FUM; Group 6: 100 ppm 
FUM, 0.5% feed additive containing FUMzyme®; Group 7: 2.8 ppm Afla and 
100 ppm FUM; Group 8: 2.8 ppm Afla, 100 ppm FUM and 0.5% feed addi-
tive containing FUMzyme®. Animals were fed and given water ad libitum. 
Individual weight of the birds and feed intake per replicate was measured on 
a weekly basis. At the end of the trial, serum total protein (Biuret method) and 
sphinganine:sphingosine ratio (measured by HPLC-MS/MS) of 12 randomly 
selected birds was evaluated. The parameters measured were submitted to 
variance analyses (ANOVA). Differences between averages were compared 
by Bonferroni test (P≤0.05). Analyses were done by Statgraphics Centurion 
XV, version 15.1. Addition of aflatoxins and/or fumonisins added to broiler 
rations negatively influenced the final body weight and the feed intake. In ani-
mals challenged with fumonisins (and aflatoxins), the biomarker for fumonisin 
exposure, the sphinganine:sphingosine ratio, was significantly higher. Impact-
ed parameters like final body weight, FCR and sphinganine:sphingosine ratio 
were improved by the addition of the experimental feed additive containing 
FUMzyme® in the mycotoxin exposed animals.

Key Words: Mycotoxins, Aflatoxins, Fumonisins, Sphinganine:sphingosine 
ratio
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T102 Functional Oils are an Alternative to Pharmaceutical Growth Pro-
moters in Turkeys. Peter Ferket*1, Ramon Malhieros1, Vera Moraes2, Ayuub 
Ayoola1, Ilana Barasch1, Joan Torrent3 1North Carolina State University, Ra-
leigh, NC, 2Sao Paulo State University, Sao Paulo, Brazil, 3Oligo Basics USA, 
Excelsior, MN

Essential® (Oligo Basics USA, Wilmington, DE), a blend of functional oils 
from cashew and castor beans, was evaluated as an alternative to monensin 
and virginiamycin on the growth performance of turkey toms. One day-old 
poults were placed in floor pens with used litter to provide a natural microbial 
challenge. Feed and water were provided for ad libitum consumption. Birds 
were randomly assigned to 3 dietary treatments from 1-84d: non-medicated 
control (C), 0.15% Essential® (E), and 66 ppm Monensin (M). Each one of 
the 15 pens/treatment was then distributed among 3 other dietary treatments 
from 85-140d: C, E, and 20 ppm Virginiamycin (V), which resulted in 9 treat-
ments (5 pen/treatment, ~13 toms/pen). Body weights (BW), feed intake (FI) 
and FCR (adjusted for mortality) were determined at 28d intervals. None of the 
treatments affected the mortality rate during experiment. At 84d, toms fed M 
and E were 10.5% and 4.5% heavier (P<.001) and showed a 7 and 4% lower 
(P<.001) FCR than the controls, respectively. The benefit of feeding E and 
M on BW continued from 85-140d, with a significant additive benefit when 
followed by E (+1% over C) and V (+.5% over C) supplementation from 
85-140d. However, a significant period X treatment effect was observed on 
1-140d FCR. Among toms fed E from 1-84d, E and V supplementation from 
85-140d reduced 1-140d FCR by ~6% relative to C; but among toms fed M 
and C from 1-84d, E and V supplementation from 85-140d increased 1-140d 
FCR by ~6% relative to C. Although dietary supplementation of M was better 
than E supplementation on 1-84d growth performance, E and V showed similar 
growth promoting effects from 85-140d. The results showed that Essential® 

was an effective alternative to pharmaceutical antimicrobials for starting and 
finishing turkeys.

Key Words: Functional Oils, Monensin, Virginiamycin, Growth Performance, 
Turkeys

T103 Effects of feeding a mixture of organic acids, a phytochemical and 
a permeabilising substance on the growth inhibition o bactera and per-
formance of broilers Angela Riemensperger*1, Renata Urbaityte1, Sigrid 
Pasteiner1, Fernando Guilherme Perazzo Costa2 1Biomin Holdin GmbH, Her-
zogenburg, Lower Austria, Austria, 2Federal University of Paraiba, Paraiba, 
Areia, Brazil

Purpose of the experiments was to investigate if a mixture of organic acids 
(OA), a phytochemical (Ph) and a permeabilising substance (P) inhibits the 
growth of pathogenic bacteria and thus has positive influence on broiler perfor-
mance as birds do not have to compete with the bacteria for nutrients anymore 
or loose energy for immune responses caused by the presence of pathogenic 
bacteria. For the in vitro trial Salmonella enteritidis (SE), Salmonella typhimuri-
um (ST), E. coli O55:K59 (B5):H (ECO55) and E. coli O128:H2 (ECO128) 
were cultivated and used for a microplate assay. Growth inhibition of SE, ST, 
ECO55 and ECO128 by OA was 53.5, 59.3, 55.2 and 33.3%, respectively, 
while the addition of the Ph inhibited the growth of SE, ST and the two E. coli 
strains by 99.0, 99.8 and 100.0%. After adjusting the medium growth inhibi-
tion of SE, ST, ECO55 and ECO128 by OA and the Ph was 6.9, 3.9, 29.5 and 
2.3%, respectively, while the addition of P inhibited growth by 86.2, 100.0, 70.5 
and 100.0%, respectively. The effects of feeding a commercial diet (CD) or the 
same diet supplemented with OA, Ph and P (experimental diet; ED) at 1kg/t 
of feed on growth performance of broilers were investigated using 300 Cobb 
broiler chicken in a 42 day experiment. Final body weight (g/bird; 2756.7 vs 
2630.0) and daily weight gain (g/bird; 64.7 vs 61.6) was significantly (P<0.05) 
increased in birds fed the ED compared to birds fed the CD. European produc-
tion efficiency factor (EPEF) was calculated as EPEF = (Liveability [%] x final 
body weight [kg]/age [days]/FCR) x 100. Liveability was with 94.7% higher 
in birds fed the CD compared to birds fed the ED (94.0%). However, a signifi-
cantly (p<0.05) higher EPEF was found in birds fed the ED compared to birds 
fed the CD (353 vs 331). In conclusion, the addition of OA, Ph and P inhibited 

the growth of bacteria in vitro and improved growth performance of broilers 
over a 42 day period.

Key Words: organic acids, phytochemical, permeabilising substance, bacteria 
inhibition, broiler performance

T104 Broiler chickens performance enhanced through addition of CAL-
SPORIN® or CALSPORIN® plus QMOS to basal or AGP-supplement-
ed. Troy Lohrmann*1, Karen Christensen2, Michael Sims3 1Quality Technol-
ogy International, Inc, Elgin, IL, 2OK Farms, Inc., Mountain View Research, 
Fort Smith, AR, 3Virginia Diversified Research Corp., Harrisonburg, VA

A 42-d summer time, pen trial with high stocking density used 720 Hubbard 
M99 x Cobb 500 chicks fed 3 treatments: 1) negative control (NC); 2) CAL-
SPORIN® (CSP; 3x105 cfu/g feed); and 3) CSP plus 1x Q-MOSTM. Q-MOSTM 
is a proprietary Saccharomyces cerevisiae cell wall derived product. 8 pens of 
30 chicks /treatment were placed. Initial stocking density of 0.062 m2 (0.67 ft2) 
per bird was decreased by 10% at 21 d. Birds were placed on new litter, at 7 d 
and 21 d composted litter was added to each pen. Corn-soy-DDGS-meat and 
bone meal diets were used. Salinomycin was added at 50 g/ton to starter and 60 
g/ton to grower feeds (0-35 d). The 42-d BW were respectively 1.861b, 1.929ab, 
and 1.962a kg (p=0.021; 1-way ANOVA, LSD). The 0-42 d mortality-adjusted 
FCR were respectively 1.938a, 1.878ab, and 1.796b (p=0.035). The 0-42 d mor-
tality % were respectively 8.33, 5.00, and 6.25 (p=0.216). A 47-d pen trial with 
600 Hubbard x Cobb 500 chicks (10 pens of 20 chicks each/treatment) used 3 
dietary treatments: 1) negative control (NC; corn-soy-DDGS-animal protein 
blend diets); 2) BMD® 25 g/ton 0-29 d and Stafac® 10 g/ton 29-47 d; and 3) 
BMD®/Stafac® plus CSP (3x105 cfu/g feed), and 1x Q-MOSTM . During 29-
47 d, outdoor temperatures reached 37.2-46.1oC. The 47-d BW were respec-
tively 2.932, 2.957, and 3.064 kg (p=0.085; 1-way ANOVA, LSD). The 0-47 
d mortality-adjusted FCR were respectively 1.882, 1.868, and 1.878 (p=0.933) 
and to a common BW (NC) were 1.882, 1.860, and 1.836 (p=0.606). The 0-47 
d mortality % were respectively 8.50, 7.00, and 7.5 (p=0.606). In a 42-d trial, 
FC of CSP plus Q-MOS® fed broilers was significantly lower than NC. In the 
42-d and 47-d trials, BW of CSP plus Q-MOSTM fed broilers were heavier than 
their respective NC broilers.

Key Words: antibiotic, Bacillus subtilis C3102, broiler, CALSPORIN, QMOS

T105 Effect of adding dietary humate on productive performance of 
broiler chicks Sherif Hassan*, S. M. Hassan and A.A. Al-Aqil College of Ag-
riculture and Food Science, King Faisal University, AL-Hassa, Saudi Arabia

One hundred thirty five one-d-old broiler chicks were randomly distributed 
among 3 treatments with 3 replicates of 15 chicks per replicate. Chicks were 
assigned to one of the following treatments: 1) chicks fed broiler starter control 
diet, 2 ) chicks fed control diet containing 5 g humate/kg feed, and 3) chicks 
fed control diet containing 10 g humate /kg feed. Weekly body weight, body 
weight gain, feed intake, feed conversion, and mortality rate were recorded 
from 0 to 28 d of age. Body weight and body weight gain of chicks fed diet 
containing 10 g humate /kg feed was significantly lower than other treatment 
groups at 14 d of age, but body weight gain of chicks fed diet containing 5 g 
humate /kg feed was significantly lower than those fed diet containing 10 g 
humate /kg feed at 28 d of age. Body weight of chicks fed diet containing 5 g 
humate /kg feed was significantly lower than control chicks at 28d of age. Feed 
intake of chicks fed diet containing 10 g humate /kg feed was significantly 
lower than the other treatment groups at 14 d of age, but chicks fed diet contain-
ing either 5 or 10 g humate /kg feed reduced feed intake compared with control 
chicks at 28 d of age. Feed conversion of chicks fed diet containing 5 g humate 
/kg feed was significantly lower than other treatment groups at 28 d of age. 
There were no significant effects of both levels of humate used in this study on 
mortality rate. Results suggest that adding humate in the broiler diets has effect 
on the productive performance of broiler chicks.

Key Words: broiler, gain, growth, humate, performance
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T106 Prevalence of Salmonella on Raw Poultry in China, Colom-
bia, Russia, and Vietnam Walid Alali*1, Baowei Yang2, JIANGHONG 
Meng3, Pilar Donado4, Roman Gaydashov5, Ta Thi Yen6, Isabel Walls7, 
Danilo Lo Fo Wong8, Michael Doyle1 1University of Georgia, Griffin, 
GA, 2Northwest A&F University, Yangling, Shaanxi, China, 3University 
of Maryland, College Park, MD, 4Colombian National Institute for Agri-
cultural Research, Bogota, Cundinamarca, Colombia, 5Consumer Rights 
Protection Society, Moscow, Russian Federation, 6The National Institute 
For Food Control, Hanoi City, Viet Nam, 7USDA-NIFA, Washington, DC, 
8WHO Regional Office for Europe, Copenhagen, Denmark

Introduction: Data on Salmonella in raw poultry are not available from 
many countries which limits the ability for international organizations 
such as WHO and FAO to perform risk assessments that are represen-
tative for poultry production worldwide. Due to lack of internationally 
agreed standards on acceptable Salmonella levels in raw poultry and 
methods of testing poultry products for the presence of Salmonella, vari-
ous countries are formulating policies that lack a scientific basis. 

Purpose: The project goal was to determine the prevalence of Salmo-
nella on raw poultry in various countries (China, Colombia, Russia and 
Vietnam) to increase the knowledge on how to protect the global food 
supply and enhance food safety data collection and risk assessment at 
the local level. 

Methods: Whole chicken carcasses were collected from retail establish-
ments (large, small, and wet markets), over a wide geographical range in 
these countries. Thus far, projects are completed in China and Colombia, 
while ongoing in Russia and Vietnam. Samples were collected from 6 
provinces and 2 national cities in China (n=1.152); 22 provinces in Co-
lombia (n=1,003); in 3 national cities in Russia (n=455); and 4 province 
and 3 national cities in Vietnam (n=494). All samples were analyzed for 
the presence of Salmonella using the USDA-FSIS method. 

Results: The overall prevalences of Salmonella in locally-produced 
broiler chicken in China, Colombia, Russia, and Vietnam were 52.2%, 
26.7%, 33.8%, and 47.8%, respectively. In all the countries, Salmonella 
prevalence was not significantly associated with one market type within 
each province or national city. Moreover, there was no significant dif-
ference in Salmonella prevalence between chicken carcasses purchased 
frozen or chilled at retail markets. 

Significance: These data will be helpful to identify intervention opportu-
nities as well as critical control points in poultry production. In addition, 
it will help in the development of a common standard for Salmonella in 
raw poultry. 

Key Words: Salmonella, raw poultry, prevalence, international markets, 
food safety

T107 Effect of Vectormune® Mycoplasma gallisepticum vaccine on 
egg production and selected egg characteristics Scott Branton*, Spen-
cer Leigh, Jeff Evans, Joseph Purswell, Elizabeth Kim, Hammed Olanre-
waju, Stephanie Collier USDA-ARS Poultry Research Unit, Mississippi 
State, MS

Commercial Hy-Line W-36 pullets were obtained from a commercial 
source and subsequently used in two trials. In each trial, treatments con-
sisted of: 1) Control [mycoplasma clean], 2) 99th passage F strain Myco-
plasma gallisepticum (FMG) vaccine at 10 weeks, 3) Vectormune at 6 ½ 
weeks, and 4) Vectormune at 6 ½ weeks followed by 99th passage FMG 
at 45 weeks of age. Eggs were collected from all treatments through 53 
week of age. Hen-day egg production, egg weight, Haugh unit score, and 
eggshell breaking strength were determined weekly for each treatment. 

Analysis of the results showed all treatments responded similarly through 
both trials except for egg weight; vaccination with FMG trended toward 
increased egg weight post-vaccination. Also of note, chickens adminis-
tered both Vectormune and 99th passage FMG did not exhibit a decrease 
in egg production subsequent to overlay with the 99th passage FMG.

Key Words: Mycoplasma gallisepticum, vaccination, chickens

T108 Evaluation of drip water samples versus swab samples for de-
termining level of microbial contamination in poultry drinking water 
systems Mary Scantling*1, S.E. Watkins2 1University of Arkansas Sys-
tem Division of Ag Center of Excellence for Poultry Science, Fayetteville, 
AR 2University of Arkansas, Fayetteville, AR

The poultry industry places significant emphasis on drinking water quality 
and water system sanitation, particularly on farms with performance issues. 
For many years, an acceptable method for determining the level of micro-
bial contamination in a water system was by collecting a drip sample from 
the end of the line within a poultry barn. However, this method may not 
accurately reflect the level of contamination in a system which has an es-
tablished biofilm. A more accurate method of determining the level of con-
tamination is swabbing the inside of the water lines. Four farms served as 
test sites for comparing these two methods. Sterile drip samples were taken 
from the ends of the water lines. A second sterile swab sample was taken 
by inserting a sterile 645 square mm cellulose sponge hydrated with 25 ml 
of buffered peptone dilution into approximately 10 cm of the end of water 
line. Samples were then plated on APC, E. coli and yeast and mold Petri 
Film®. Results showed that drip samples ranged from 2 to 8,200 cfu/ml 
APC with no E. coli and yeast and mold while swab samples ranged from 
26,000 to 480,000 cfu/ml APC and mold levels ranged from 40 to 40,000 
cfu/ml. No E. coli was present. The results of this evaluation indicate that 
there is a significant difference in the level of microbial contamination de-
tected between swab and drip samples. Swabbing a water system is a better 
indication for the presence of a biofilm and could serve as a useful tool for 
establishing links between farm health issues and water systems as well as 
a tool for determining the effectiveness of water sanitation products.

Key Words: water quality, microbial contamination, biofilm, water sani-
tation

T109 Novel Control of Fowl Mites Wallace Berry*, S Oates, J 
Hess Auburn University, Auburn, AL

The Northern fowl mite, Ornithonyssus sylviarum is the most important 
ectoparasite of commercial poultry in North America. Means of control-
ling or eliminating fowl mites, without pesticide resistance or residue 
concerns are needed. For this reason, three levels of a granular sulfur 
based miticidal treatment in the layer diet were tested as a potentially 
effective and safe “feed-through” miticidal treatment in laying hens. The 
test ran for 8 weeks to determine the time required for miticidal activity 
to become apparent, and to determine efficacy over several mite genera-
tions. Mite numbers on the hens as well as hen body weight, mortality, 
egg production and shell and interior egg quality were measured through-
out the experiment. At the end of the experiment, hen tissues, eggs, and 
feces were analyzed to determine the distribution and fate of the com-
pound in the birds, eggs, and waste. It was found that the miticidal treat-
ment reduced mite numbers, did not alter feed intake, egg production, or 
quality, and did not accumulate in hens 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, do not cause the hen to accumulate 
toxic minerals, or to lose valuable minerals, and do not alter fecal con-
centrations of these minerals. As a side benefit, the compound acidified 
hen waste and significantly reduced ammonia emissions. To the author’s 
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knowledge, this is the first study of it’s kind to examine the potential for 
using a granular sulfur product as a feed-through mite control agent in 
laying hens.

T110 Growth pattern of naturally heat resistant of growth-selected and 
randombred chickens Essam El-Gendy* Cairo University, Giza, Egypt

Four populations of native Egyptian chickens with different genetic back-
grounds were used to study the growth patterns. Two crossbred lines geno-
typing for normally feathered (CE1) and homozygous naked-necks (CE3), 
selected for 6-week body weight for 8 generations were used accompanied 
with their two corresponding randombred control lines (CE2 and CE4). Both 
selected lines significantly achieved about 2-fold increases over their control 
lines in body weights from hatch to 20 weeks of age overall the selected 
generations. The growth curve of the naked-neck selected line (CE3) showed 
variable increases in body weights ant body weight gains more than that 
shown by the growth curve of the normally feathered selected line (CE1), 
while those of the two control lines were almost similar. Line CE1 showed 
response to selection at a rate significantly higher than that of line CE3 for 
up to 10 weeks, however line CE3 response to selection was higher than 
that of line CE1 between 10-20 weeks of age. In the 8th generation, line CE1 
was heavier than its control line all over the growth period by 2.4% at hatch 
and increased to 46.0% at 20 weeks, however line CE3 was heavier than its 
control line by 8.2% at hatch and increased to 72.2% at 20 weeks of age. The 
dispersion of 6-week body weight of any of the selected lines was remark-
ably different from its controls, and differences were mainly attributed to the 
flow of selected genes over generations. Over generations, more variation 
was apparent in both selected lines CE1 and CE3 indicating more selection 
progress is anticipated in each line.

Key Words: body weight, growth, local breeds, naked-necks, selection

T111 An in situ broiler model to investigate host-enteric pathogen in-
teractions Malcolm Mitchell*1, Spiridoula Athanasiadou1, Stewart Bur-
gess2, Eddie Clutton3, Chris Low1 1SAC, Edinburgh, Midlothian, United 
Kingdom (Great Britain),  2Moredun Research Institute,, Edinburgh, Midlo-
thian, United Kingdom (Great Britain), 3Royal (Dick) School of Veterinary 
Studies, Edinburgh, Midlothian, United Kingdom (Great Britain)

The environment in the avian enteric system is both complex and dynamic. 
With more than 1012 viable bacteria per gram of digesta and still largely 
undescribed relationships between commensal and pathogenic bacteria and 
relative host responses, reliable experimental models are required to charac-
terise the dynamic interactions. Here we describe a broiler in situ model to in-
vestigate morphological and gene expression changes in the enteric mucosa 
of birds infused with Clostridium perfringens (Cp) crude toxin. An in situ 
isolated loop of duodenum was prepared in anaesthetised, seventeen-day old 
birds (mean weight: 913, ±29g). The duodenal loop was infused in random 
either with 1250 haemolytic units crude Cp toxin (500 µl of toxin prepara-
tion in PBS) or with a toxin-free preparation. Birds were monitored for 1h; 
their temperature was monitored 5 times/ hour to ensure minimum impact 
of variation in body temperature on histo-pathological lesions Broilers were 
euthanized 1h post toxin infusion. Toxin infusion resulted in ballooning de-
generation of enteric cells, pathology consistent with cell death. Gene expres-
sion analysis showed 211 genes differentially affected by toxin infusion at 
P1.5. Top biological functions affected by the infusion were related to cell 
morphology and cell-to-cell signalling; top pathways affected included cell 
apoptosis and p38 MAPK signalling. Up-regulation of pro-inflammatory 
pathways and immune modulation post toxin infusion shows that intestinal 
cells may exert protective activity against cell death regulated by the toxin. 
This in situ model can be further developed to characterise and quantify the 
temporal interactions between host-enteric pathogens and may lead to the 
identification of prevention strategies for enteric disease control.

Key Words: intestine, clostridium perfringens, model, enterocyte, broiler

T112 Evaluation of aqueous solvent extracted aflatoxin contaminated 
corn fed to day of hatch poults. J. Allen Byrd*1, Richard Clough2, Kyle 
Uselton3 1USDA-ARS, Food and Feed Safety Research Unit, College Sta-
tion, TX, 2Texas A&M University, College Station, TX, Food Protein Re-
search and Development Center, 3Lynntech Inc., College Station, TX

Aflatoxins are produced by members of Aspergillus and colonize and 
contaminate grain before harvest or during storage. Increasing feed cost 
has made the development of technologies that remove aflatoxins from 
contaminated feed attractive. In the present study, aflotoxin-contaminated 
corn was extracted using an aqueous solvent-based method, fed to day-of-
hatch turkey poults, and evaluated for aflatoxin sensitive. The pre-extracted 
corn contained 269 ppb aflatoxins and was found to contain 6 ppb after 
extraction. Each of the three diets was fed to six replicate of six poults 
from Day 1 to 21. Diets include: 1) Clean corn (CON); 2) Clean extracted 
corn with clean oil added (CNCO); and 3) aflatoxin-extracted corn with 
clean oil added (AFCO). Body weight gain was not affected by the AFCO 
diet as compared to the control diets (CON or CNCO). AFCO decreased 
(P < .05) spleen, bursa of Fabricius, and pancreas weights compared to 
the organ weights of poults fed CON. Poults fed AFCO had significantly 
lower kidney weights compared to poults fed CON. Poults blood serum 
parameters were unaffected by CON or AFCO diets. However, poults fed 
CNCO had significantly higher serum protein, albumin, alkaline phosphate 
(ALP), mean corpuscular hemoglobin concentrations (MCHC), uric acid, 
lactate dehydrogenase (LDH), and creatine kinase (CK) concentrations. 
The reductions in organ weights suggest that the toxic effects of aflatoxins 
were still present. Although AFCO had significant blood parameter differ-
ences compared to the CNCO diets, AFCO blood parameter comparisons 
to CON were minimal and suggest that the toxic effects of the aflotoxins 
remain although dramatic reductions in the aflatoxin activity was observed.

Key Words: aflatoxin, poult, serum

T113 Effect of Celmanax® SCP feed supplementation on perfor-
mance of broilers either fed an anticoccidial drug or vaccinated Greg 
Mathis*1, Brett Lumpkins1, Sangita Jalukar2 1Southern Poultry Research, 
Inc., Athens, GA, 2Vi-Cor, Mason City, IA

The purpose of this study was to determine the effect of Celmanax® SCP di-
etary supplementation on the performance of coccidia-vaccinated, or anti-
coccidial drug fed broilers. A 42 day broiler, floor-pen study was conducted 
using the following treatments: T1) vaccinated control, T2) vaccinated + 
SCP supplementation (200, 100 and 50 g/MT in starter, grower and fin-
isher phase respectively), T3) Salinomycin at 40, 50 and 0 g/T in starter, 
grower and finisher phase respectively), T4) anticoccidial (same as T3)+ 
SCP supplementation (same concentration T2). A randomized block design 
with 8 replications of 50 birds per pen was used. Treatments 1 and 2 chicks, 
were spray vaccinated with the label recommended dosage of Coccivac-B 
prior to placement in pens. Feed and water were available ad libitum. Bird 
weights and feed consumption (kg) by pen were recorded at study initia-
tion, Day 21, and Day 35. Individual bird weights (kg) by pen were record-
ed at the termination of the study (Day 42). Weight gain, feed intake, FCR, 
mortality, and uniformity of bird size at time of slaughter were calculated. 
The data was analyzed statistically by Tukeys’ mean separation test. There 
were no significant differences in feed intake and mortality. Celmanax® 
SCP supplementation significantly (P<0.05) improved Day 42 weight gain 
in both vaccinated and Salinomycin fed birds. Celmanax SCP increased the 
average weight in the vaccinated group by 62 g and FCR by 5 points and in 
the Salinomycin group by 39 g and FCR by 4 points compared to controls. 
Celmanax SCP significantly improved FCR at all stages of growth com-
pared to the control treatments. Supplementation of Celmanax® SCP also 
improved uniformity in bird size and weight resulting in lower standard 
deviation. The supplementation of Celmanax® SCP in broiler diets effec-
tively enhanced bird performance by significantly improving weight gain, 
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lowering feed conversion ratio and improving bird uniformity at slaughter 
under the current anticoccidial control program practices.

Key Words: Celmanax SCP, Vaccination, Salinomycin, Anticoccidial, 
Broilers

T114 Broiler chickens fed anticoccidial drug feeds supplemented with 
AGPs and or Actigen®, a specific traceable carbohydrate fraction de-
rived from the cell wall of yeast Greg Mathis*1, Brett Lumpkins1, James 
Pierce2, Ted Sefton2, Adam Burnsed2 1Southern Poultry Research, Inc., 
Athens, GA, 2Alltech, Inc., Nicholasville, KY

A 52 day broiler study was conducted to compare the performance of com-
mercial broilers fed Actigen®, a specific traceable carbohydrate fraction 
derived from the cell wall of yeast, versus a traditional AGP program of 
Bacitracin Methylene Disalicylate (BMD) and Virginiamycin (VIR). The 
treatments were T1 no additive (control), T2 Actigen™ 400 g/t (D0-52), T3 
BMD 50 g/t (D0-31), VIR 20 g/t (D31-52), and T4 (T2 + T3). Starter feed 
was fed from D0-17, grower D17-31, and finisher D31-52. The treatments 
were replicated in twelve blocks, randomized within blocks of four pens 
each. Fifty commercial strain (Cobb X Cobb) male broiler chickens were 
placed into each pen. Floor space was 0.77 sq. ft. per bird. Birds were raised 
on built up litter. Salinomycin (60 g/t) + 3-Nitro 20 (45.4 g/t) were added to 
all starter and grower feeds. Live bird weights and feed consumptions were 
measured on D17, 31, 42, and 52. The inclusion of Actigen™ , AGP pro-
gram, and the combination program significantly (p<0.05) improved FCR 
at each weigh period compared to T1 (control). At D52 the combination T4 
program average FCR (1.777) was significantly better than either single 
program T2 (1.820) or T3 (1.807) or T1 (1.872) FCRs. On D31, 42, and 52, 
the average bird weight gain for all supplement programs T2 (2.865 kg), 
T3 (2.900 kg), and T4 (2.928 kg) were significantly improved compared 
to T1. At each weigh period, there was no significant difference in average 
bird weight gain between the Actigen™ and AGP fed birds. Thus, both 
Actigen™ and AGPs improved performance of broiler chickens fed an an-
ticoccidial program, with the greatest improvement coming from the birds 
fed the combination of Actigen™ and AGPs.

Key Words: Actigen, BMD, Virginiamycin, Salinomycin, Anticoccidia

T115 Evaluation of a multispecies probiotic for the control of 
Campylobacter in poultry Michaela Mohnl*1, Mar Biarnés2, Gerd 
Schatzmayr3 1BIOMIN Holding GmbH, Herzogenburg, Lower Austria, 
Austria, 2CESAC – Centre de Sanitat Avícola de Catalunya i Aragó, Reus, 
Catalonia, Spain, 3BIOMIN Research Center, Tulln, Lower Austria, Austria

The use of specific probiotics has been shown to be an effective means 
for controlling pathogens in poultry flocks. Potential probiotic canditates 
were isolated out of the gastro-intestinal tract of chickens and tested in vitro 
with a co-cultivation agar plate assay for the ability to inhibit the growth of 
Campylobacter jejuni spp. jejuni. The most promising strains with inhibi-
tion indexes ranging from 1.27 to 1.50 were evaluated for further important 
probiotic criteria. Based on these results a multispecies probiotic product 
consisting of strains belonging to the genera Enterococcus, Pediococcus, 
Lactobacillus and Bifidobacterium was designed (PoultryStar®, BIOMIN 
GmbH). The efficacy of the product to reduce C. jejuni in experimentally 
infected broiler chicks was evaluated in a series of experiments. In one in 
vivo experiment where all chicks were orally challenged with C. jejuni it 
was shown that the application of 2 mg/bird/day of the multispecies pro-
biotic via the drinking water resulted in a significant reduction (P<0.05) of 
the cecal colonization of C. jejuni. In another in vivo experiment 72 day old 
broiler chicks were randomly assigned to three treatment groups, a posi-
tive control group, a trial group which received 2 mg/ bird/day and a trial 
group which received 20 mg /bird/day of the multispecies probiotic product 
via the drinking water. The chicks were challenged with C. jejuni on day 
one by introducing 4 seeder birds per group which were orally inoculated. 
At day 8 and 15 the birds in the probiotic group obtained Camplyobacter 
counts in the cecal content of less than 2 log10 cfu/g whereas the mean log 
counts in the positive control group were with 7.81 log10 cfu/g at day 8 and 
7.85 log10 cfu/g at day 15 significantly higher (P<0.05). In conclusion the 
data of these studies suggest that the multispecies probiotic caused a sig-
nificant reduction in cecal colonization of C. jejuni and might be beneficial 
for the control of Campylobacter in poultry flocks. 

Key Words: multispecies, probiotic, Campylobacter jejuni, food-borne 
illness

Nutrition V
T116 Evaluation of Poultrygrow 250™ (a protease) supplemented in a 
broiler diet with decreased levels of Digestible Lysine and Crude Protein 
from 0 to 42 days of age. Brett Lumpkins*1, Greg Mathis1, Robert Gauth-
ier2 1Southern Poultry Research, Inc., Athens, GA, 2Jefo, Saint-Hyacinthe, 
Québec, Canada

In today’s rising economic climate the ability to formulate diets has become 
more difficult with the increased cost of feed ingredients. Feed enzymes have 
become a focal point for nutritionists as a means of helping to lower feed 
cost. The purpose of this study was to determine the effect of supplementing 
Poultrygrow 250™ (a protease) in a broiler diet with two decreased levels 
of digestible lysine and crude protein. A 42 day broiler floor-pen study was 
conducted feeding the following treatments in a three phase feeding program: 
T1) commercial grade corn soybean meal diet (1.21, 0.96, and 0.81% digest-
ible lysine; 22.50, 20.00, and 17.25% crude protein in the starter, grower, and 
withdrawal diets, respectively), T2) same as T1 with a decrease of digestible 
lysine and crude protein by 5%, T3) same as T2 plus protease, T4) same as 
T1 with a decrease of digestible lysine and crude protein by 8%, and T5) 
same as T4 plus protease. All feeds were pelleted. A randomized block de-
sign with 8 replications of 50 birds per pen was used. Feed and water were 
available ad libitum. Bird weights and feed consumption (kg) were recorded 
by pen at the initiation of the study, 19, 35 and 42 d of age. Weight gain, 
feed intake, FCR, were calculated and the data were analyzed statistically by 

Tukeys’ mean separation test. At 19, 35 and 42 d, birds fed T2 and T4 had a 
significant (P<0.05) depression in performance (FCR and BWG) compared 
to the birds on the commercial diet (T1). At 19 d when the birds were fed 
the diets with Poultrygrow 250™ (T3 and T5) there was a significant im-
provement in FCR by 1.7 and 1.8%, respectively, bringing the values similar 
(P<0.05) to the T1 fed birds. In addition at 35 and 42 d, the supplementation 
of Poultrygrow 250™ improved significantly both FCR and BWG over the 
birds fed the decreased protein diets, the birds fed T3 were similar (P>0.05) 
in FCR and BWG to the birds fed the standard commercial diet. In this study 
it was determined that the supplementation of Poultrygrow 250™ in broiler 
diets can provide a 5% uplift in digestible lysine and crude protein bringing 
values up to those used in standard commercial grade diets, based on perfor-
mance when fed from 0 to 42 d of age.

Key Words: Digestible Lysine, Crude Protein, Protease, Performance, Broil-
ers

T117 Efficacy of a modified 6-phytase on apparent P and Ca digest-
ibility in laying hens Imke Kühn*1, Klaus Männer2, Mike R. Bedford3 1AB 
Vista, Darmstadt, Hessen, Germany, 2Institut of Animal Nutrition, Free Uni-
versity Berlin, Berlin, Germany, 3AB Vista, Marlborough, UK

The efficacy of different application rates of a thermotolerant 6-phy-
tase (QPT2) was studied in laying hens fed phosphorus reduced diets. 
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72 Lohmann-Brown layers, housed individually, were distributed to 6 
treatments. Mash diets based on a heat treated grain mix, corn and soy-
bean meal were fed from week 35 to week 40 containing 3.5% Ca and 
either recommended (PC: 0.53%) or reduced (NC: 0.25%) P level. NC 
diets were supplemented with QPT2 phytase at levels of 0; 150; 300; 
600, or 1200 FTU/kg, confirmed by analyzed as 0, 196, 295, 616 and 
1110 FTU/kg, respectively.

At the end of the experiment all hens were killed about 4 hours after 
first feed intake and ileal contents (5cm after Meckel’s diverticulum to 
2 cm anterior ostium ileocaecale) and the left tibia taken. 

P reduction by 2.8g/kg diet significantly reduced ileal P digestibility 
from 54.1% in PC layers to 33.3% in NC hens (P<0.05). Phytase im-
proved ileal P digestibilities with increased application to 43.7, 51.4; 
57 and 56.5% (p<0.05). Differences between phytase treatments were 
significant up to 600 FTU/kg (P<0.05). Application of 300 FTU/kg or 
above lead to similar P digestibility as measured in the PC (P>0.05). 

Apparent ileal Ca digestibility was lower in NC (37%) than in PC 
(43%, P<0.05). Phytase improved ileal Ca digestibility to 40, 45, 49 
and 48% respectively, with 300 FTU/kg and greater being significantly 
better than NC (P<0.05) and equal or greater than the PC.

Tibia ash was significantly lower in NC (437g/kg) than in PC layers 
(470g/kg). Phytase application improved tibia ash to 445, 457, 475 and 
471g/kg, respectively, being significantly greater than the NC (P<0.05) 
and not different from PC hens for 300 to 1200 FTU/kg.

The results demonstrate that QPT2 phytase improved apparent ileal P 
and Ca digestibility as well as bone mineralisation when applied at 300 
FTU/kg or more to a layer diet being 2.8 g/kg below the recommended 
P-level.

Key Words: phytase, ileal digestibility, layer, phosphorus

T118 Efficacy of non-starch polysaccharide (NSP) degrading en-
zymes in wheat-based broiler chicken diets with or without metab-
olizable energy uplift Yanming Han*1, Angela Gutierrez Del Alamo 
Oms2 1Nutreco Ingredient Research Centre, Boxmeer, North Brabant, 
Netherlands, 2Nutreco Poultry and Rabbit Research Centre, Casarrubi-
os-Toledo, Toledo, Spain

Two broiler chicken trials were conducted to evaluate the efficacy of 
NSP degrading enzymes in wheat-based diets with lowered (uplift) 
or normal (on top) ME concentrations. In Exp 1, 3200 newly hatched 
chicks (40/pen) were used in six dietary treatments, with 15 replicates 
each. The treatments included a Normal ME diet, a Low ME diet (-120 
kcal/kg), Low ME + a commercial NSP enzyme product (Product R, xy-
lanase/beta glucanase, 0.5kg/tonne), or Low ME + one of three custom-
er blends with various xylanase/beta glucanase activities (XB1, XB2, 
XB3, 0.25kg/tonne). In Exp 2, 3200 chicks (40/pen) were used in eight 
treatments, with 10 replicates each. In a Normal ME basal diet, the fol-
lowing enzyme was added: a commercial product A (A, xylanase/beta 
glucanase, 2kg/tonne), Product R (0.5kg/tonne), Product B (xylanase, 
0.1kg/tonne), XB2 (low at 0.25kg/tone, or high at 0.35kg/tonne), or 
XB3 (low at 0.25kg/tone, or high at 0.35kg/tonne). Both trials lasted for 
41 days, with growth performance and health status monitored during 
Starter, Grower, and Finisher periods. The results from Exp 1 showed 
that reducing dietary ME (-120 kcal/kg) negatively impacted the FCR 
of the birds (P < 0.0001). But this negative effect was offset by all three 
customer enzymes, resulting in similar FCR to that of the Normal ME 
diet (P > 0.05). Product R also improved FCR but failed to produce the 
same result as by the Normal ME diet (P < 0.05). In Exp 2, adding the 
enzyme on top of the normal ME diets showed a strong tendency to 
further improve FCR (P = 0.050). From Days 0-41, Product A, Product 
R, Product B, XB2 Low, XB2 High, XB3 Low and XB3 High improved 

FCR by 1.5, 1.7, 1.4, 0.8, 1.5, 1.5, and 1.7% respectively (P = 0.050). 
In both trials, the dietary treatments did not influence the body weight, 
feed intake, or mortality (P > 0.05). In conclusion, a NSP enzyme could 
improve growth performance effectively in a ME reduced diet, allow-
ing cost saving due to less fat addition (up to 2%). Alternatively, a NSP 
enzyme could be added directly in a normal ME diet to further optimize 
the feed efficiency of broiler chickens.

Key Words: Broiler chickens, wheat, NSP enzymes, metabolizable en-
ergy, growth performance

T119 Evaluation of a novel microbial phytase on broiler perfor-
mance C. L. Walk*1, M. R. Bedford1, D. C. Creswell2 1AB Vista Feed 
Ingredients, Marlborough, Wiltshire, United Kingdom (Great Britain), 
2Bangkok Animal Research Center, Mosman, NSW, Australia

An experiment was conducted to evaluate a novel microbial phytase on 
broiler growth performance from d 0 to 34. Arbor Acre Plus, male broil-
ers were housed in floor pens at 13 birds per 6 replicate pens. Twelve 
experimental diets were formulated using corn and soybean meal and 
consisted of: 1. a positive control (PC) with 0.84% Ca and 0.42% avail-
able P (aP) in the starter diet (d 0 to 16) and 0.72% Ca and 0.36% aP in the 
grower diet (d 16 to 34), 2. negative control (NC) 1, the PC minus 0.14% 
Ca, 0.13% aP, and 0.03% Na in the starter and grower diet, 3. NC 1 plus 
250 FTU/kg phytase in the starter and grower diet, 4. NC 1 plus 500 FTU/
kg phytase in the starter and grower diet, 5. NC 1 plus 500 FTU/kg phy-
tase in the starter diet and 250 FTU/kg phytase in the grower diet, 6. NC 
2, NC 1 minus 45 kcal/kg ME and slight reductions in essential amino 
acids, 7. NC 2 plus 250 FTU/kg phytase in the starter and grower diet, 
8. NC 2 plus 500 FTU/kg phytase in the starter and grower diet, 9. NC 
2 plus 500 FTU/kg phytase in the starter diet and 250 FTU/kg phytase 
in the grower diet, 10. NC 3, the PC minus 0.19% Ca, 0.17% aP, 0.04% 
Na in the starter and grower diet, 11. NC 3 plus 250 FTU/kg phytase in 
the starter and grower diet, and 12. NC 3 plus 500 FTU/kg phytase in the 
starter and grower diet. From d 0 to 16, feed intake (FI) was reduced (P 
≤ 0.05) in broilers fed NC 2 or NC 3 compared to broilers fed the PC. 
Body weight gain (BWG) and feed efficiency (FCR) were reduced (P ≤ 
0.05) in broilers fed the NC diets compared to broilers fed the PC from 
d 0 to 16. Phytase increased (P ≤ 0.05) FI in broilers fed NC 2 or NC 
3, and improved (P ≤ 0.05) BWG in broilers fed NC 1, NC 2, or NC 3 
comparable to the PC. From d 0 to 16, FCR was improved (P ≤ 0.05) in 
broilers fed 500 FTU/kg phytase compared to broilers fed NC 1 or NC 
3. From d 0 to 34, FI or BWG was reduced (P ≤ 0.05) in broilers fed NC 
2 or NC 3 compared to the PC. Phytase supplementation to the NC diets 
increased (P ≤ 0.05) FI and improved (P ≤ 0.05) BWG comparable to the 
PC. In conclusion, a novel microbial phytase supplemented at 250 or 500 
FTU/kg improved broiler growth performance in low Ca, P, Na, ME, and 
amino acid diets. The growth response to phytase supplementation was 
larger in the starter (d 0 to 16) phase than the grower (d 16 to 34) phase.

Key Words: microbial phytase, broiler, growth performance, phytase matrix

T120 Impact of exogenous non-starch carbohydrases and phytase 
on nutrient digestibility, gut health and integrity in broilers Hang 
Lu1, Kolapo Ajuwon*1, Aurelie Preynat2, Veronique Legrand-Defretin2, 
Pierre-André Geraert2, Olayiwola Adeola1 1Purdue University, West 
Lafayette, IN, 2Adisseo, Commentry, France

The study was conducted to determine the effects of supplementing 
poultry diets with exogenous enzymes (Rovabio® Max; 28814 and 
15792 U/g xylanase and phytase activities respectively) on perfor-
mance, nutrient digestion and absorption, gut health and integrity, and 
immune status. A total of 448 day-old broilers in 8 replicate pens were 
randomly assigned to 4 treatments made up of a positive control (PC), 
a negative control (NC) diet which was lower than the PC diet by 100 
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kcal ME/kg, 0.5% pt CP/AA, 0.15% avP and 0.1% Ca) and 2 NC diets 
supplemented with Rovabio® Max at 0.05 and 0.075g/kg diet. On days 
21 and 42, one bird per pen was killed for gene expression analyses 
of mucin (MUC2), interleukin 1 (IL-1β) and phosphorus transporter 
(NaPiIIb) by real time polymerase chain reaction in mucosal samples 
from the duodenum, jejunum, ileum; and 5 birds per pen were moved 
to cages for digestibility study. For performance response criteria, body 
weight (BW) and average daily gain (ADG) were linearly increased 
(P < 0.05) by enzyme supplementation both on days 21 and 42. En-
zyme linearly increased (P < 0.05) feed intake (FI) from day 21 to 42 
and overall. The gain to feed ratio was linearly improved by multi-
enzyme complex from day 0-21, and quadratically from day 21 to 42 
and overall (P < 0.05). Additionally, enzyme addition led (P < 0.05) to 
higher serum phosphorus (P) concentration. Analysis of gene expres-
sion changes did not reveal significant differences between treatments. 
Furthermore, although there was no significant differences in dry matter 
(DM), energy and nitrogen (N) apparent ileal digestibility (AID) on day 
21, AID of P was linearly increased (P < 0.05) by enzyme addition. Ad-
ditionally, on day 42 exogenous enzymes linearly increased (P < 0.05) 
the AID of DM, energy, P and N. Overall, these results confirmed that 
Rovabio® Max can improve growth performance, energy and P utiliza-
tion of broiler chickens fed diets with reduced levels of ME, CP/AA, 
avP and Ca.

Key Words: Broiler chicken, Rovabio® Max, Nutrient Digestibility, 
Immune resposne, Gut health

T121 Effects of a multi-species probiotic to control lameness in 
broiler chickens using the wire flooring model Amanda Jordan*1, 
Robert F. Wideman2, Igal Pevzner3 1Biomin USA, San Antonio, TX 
2University of Arkansas Department of Poultry Science, Fayetteville, 
AR, 3Cobb-Vantress Inc., Siloam Springs, AR

Bacterial chondronecrosis with osteomyelitis (BCO) is the most com-
mon cause of lameness in commercial broilers. With the concerns of 
BCO on the rise our hypothesis of the present experiments was to spe-
cifically measure the efficacy of probiotic administration against BCO 
in broiler chickens. In four independent experiments the usage of a 
multi-species probiotic product (PoultryStar®, BIOMIN GmbH) on a 
preventative scale was investigated starting at day one of age against 
lameness and the effects caused by lameness. Broiler chicks from three 
different commercial hatcheries were placed at >60 per pen at day one 
of age. Feed and water were given ad libitum. In experiments 1 to 4, the 
experimental diet consisted of control feed mixed with the multi-spe-
cies probiotic product. Lame birds were removed as soon as the onset 
of lameness was observed, and were euthanized via CO2 gas inhala-
tion. At day 14 of age the population was reduced to between 50 and 
55 of the largest, healthiest chicks per pen. In three of the experiments 
survivors at day 56 were weighed, euthanized and necropsied to assess 
sub-clinical lesion incidences in the proximal heads of the femora and 
tibiae. In the four experiments using four commercial lines, broilers 
grown on wire flooring developed high levels of lameness attributable 
predominately to BCO. The pathogenesis of BCO is not instantaneous; 
accordingly many broilers that did not exhibit lameness nevertheless 
did possess early evidence of BCO through clinical lesion development. 
In the four independent experiments the results showed that by feed-
ing the probiotic product the number of birds which developed signs 
of lameness could be significantly decreased (P< 0.05). These experi-
ments indicate that the commercially available multi-species probiotic 
administered on a preventative basis could potentially show a reduction 
of lameness in broilers.

Key Words: probiotics, flooring, lameness, broilers, bacterial chon-
dronecrosis/osteomyelitis

T122 The role of Peptide YY in the mode of action of dietary xy-
lanase Helen Masey O’Neill*1, M.R. Bedford1, Sudipto Haldar2 1AB 
Vista Feed Ingredients, Marlborough, Wiltshire, United Kingdom 
(Great Britain), 2West Bengal University of Animal & Fishery Sciences, 
Kshudiram Bose Sarani, Kolkata, India

It has long been established that the mode of action of dietary xylanase in 
viscous cereal based diets is via a viscosity reduction leading to increased 
nutrient digestibility. However, it is becoming increasingly clear that xy-
lanase is also efficacious in corn-based diets where it has been shown to 
improve FCR, not by stimulating FI but by increased BWG, and therefore 
presumably by an increase in feed use efficiency. Xylanase is known to pro-
duce oligomeric unabsorbed polysaccharides which are rapidly fermented 
in the caeca. The products of fermentation have been seen in mammalian 
species to stimulate the production of various gut hormones which influ-
ence gut function in the upper regions of the tract. Increased gastric reten-
tion is one such effect and this may be implicated in improved digestibility 
of food material. Peptide hormone YY, released from the L cells of the 
small intestine and colon, is one example. Two hundred and eighty-eight, 
day old straight run Cobb broilers were penned, 12 birds per pen with 6 rep-
licates per treatment between day 1 and 42. Enzyme doses of 0 or 16000U/
kg and two different diets (basal and basal – 100kCal; both based on corn/
soy but differing in fat content), were used in a 2 x 2 factorial design and 
subsequent ANOVA. Significance was accepted at a probability equal to or 
less than 0.05. Plasma PYY was measured at day 42 using an ELISA assay. 
Feed intake, body weight gain and FCR were also measured. There was a 
significant interaction between diet and enzyme dose (P=0.016) on plasma 
PYY. That is, the size of the effect of enzyme dose was dependant on the 
diet type. However, the pattern of dose response was the same for both diets 
and both main effects of diet and enzyme dose were significant (P<0.001 in 
both cases) with the 16000U/kg dose resulting in significantly more PYY 
than the 0 dose, for both diets. Feed Conversion Ratio was significantly bet-
ter with the basal diet (P=0.035). However, there was no significant effect 
of enzyme dose (P=0.689) or interaction between enzyme dose and diet 
type (P=0.852). There were no significant effects of FI. Body Weight Gain 
was better with the basal diet (P=0.035) but there was no significant effect 
of enzyme dose (P=0.876) or interaction between enzyme dose and diet 
type (P=0.562). Peptide YY appears to be released by the gut of broilers in 
response to a 16000U/kg of xylanase and therefore may be implicated in 
the mechanism of action. Further experiments are required to investigate 
whether, in broilers, this hormone impacts upon gut characteristics, digest-
ibility and subsequent performance.

Key Words: Broiler, Enzyme, Hormone, PYY, Xylanase

T123 Development of RONOZYME® ProAct - a unique protease 
for broiler feed Katrine Pontoppidan*1, Vibe Glitsoe1, Dan Petters-
son1, Nelson Ward2, Roland Brugger2 1Novozymes A/S, Bagsvaerd, 
Denmark, 2DSM Nutritional Products Inc., Parsipanny, NJ

The purpose of the extensive research project summarized here was to 
identify a protease that can improve amino acid digestibility and animal 
performance. 

Based on the belief that stability and activity in the gastro-intestinal 
tract are of equal importance for feed enzymes, the development pro-
cess focused on stability and ability of proteases to degrade feed protein 
under conditions relevant for the gastro-intestinal tract. Acid stability 
was evaluated as the residual protease activity at pH 7 (40°C) using a 
synthetic substrate after incubation at pH 3 for 2 hours (40°C). Protease 
efficacy during digestion was evaluated using an in vitro model simulat-
ing digestion of a corn-soy diet in the stomach (pH 3 with pepsin, 1 h, 
40°C) and small intestine (pH 7 with pancreatic enzymes, 4 h, 40°C) 
and subsequent analysis of the degree of protein hydrolysis (DH) using 
a colorimetric assay.
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In the screening of a large number of experimental proteases, a ser-
ine protease from the strain Nocardiopsis was shown to be the best 
candidate with respect to the parameters described above. In addition, 
the Nocardiopsis protease also demonstrated significantly better acid 
stability and activity in the gastro-intestinal digestion model (P<0.05) 
when compared to different commercial protease containing products. 

Based on these findings the Nocardiopsis protease was selected as the 
best protease to survive the passage through the acidic conditions of the 
stomach and act in the small intestine, and was therefore developed into 
the product, which today is marketed as RONOZYME® ProAct (DSM 
Nutritional Products).

Key Words: Enzymes, Protease, Stability, In vitro digestion, Protein

T124 Compatibility of RONOZYME® ProAct with phytases and 
xylanases Katrine Pontoppidan*1, Vibe Glitsoe1, Dan Pettersson1, Nel-
son Ward2, Roland Brugger2 1Novozymes A/S, Bagsvaerd, Denmark, 
2DSM Nutritional Products Inc., Parsipanny, NJ

The compatibility between a feed protease and other feed enzymes is 
crucial to an optimal use of a protease in broiler diets. The purpose 
of this study was to test that RONOZYME® ProAct (DSM Nutritional 
Products) does not negatively influence the efficacy of different com-
mercially available phytases and xylanases. 

In experiment 1, phytases were incubated with a corn-soy diet alone or 
in combination with RONOZYME® ProAct in an in vitro model simu-
lating digestion in the broiler crop, stomach and small intestine. The in 
vitro incubation was conducted in three consecutive steps at 40°C and 
pH 4.7 (5 min), pH 3 (5 min with pepsin) and pH 7 (2 h with pancreatic 
enzymes). The amount of residual inositol phosphate was analyzed by 
High Performance Ion Chromatography to quantify phytase activity. 
The degree of protein hydrolysis (DH) was analyzed in a colorimet-
ric assay to confirm protease activity. In experiment 2, xylanases were 
incubated in a 10 % wheat bran suspension (pH 5, 4 hours, 40°C) ei-
ther alone or in combination with RONOZYME® ProAct. The amount 
of liberated xylose was analyzed in a colorimetric assay as a measure 
of xylanase activity and protease activity was analyzed as described 
above.

The results showed with statistical significance (P<0.05) that there was 
no negative influence on phytase or xylanase efficacy when RONO-
ZYME® ProAct was added to the incubations compared to when the 
enzymes were incubated alone. In both experiments RONOZYME® 
ProAct significantly increased DH (P<0.05). 

In conclusion, RONOZYME® ProAct can be applied to specifically at-
tack the protein fraction of a diet while simultaneously using phytases 
and xylanases to degrade phytate and the fibre fraction. This means that 
the end user has the flexibility to combine the required enzyme activi-
ties to target any specific diet.

Key Words: Enzymes, Protease, Phytase, Xylanase, In vitro digestion

T125 Effect of Rovabio and Hemicell Enzymes on Commercial 
Turkey Hen Performance J L Grimes*1, C Stark1, D McIntyre2, E 
Guaiume3, J E Nixon1, I B Barasch1 1North Carolina State University, 
Raleigh, NC, 2Adisseo, Alpharetta, GA 3Cargill Meat Solutions, Witchi-
ta, KS

Feed costs are the major cost factor for rearing turkeys. Feed enzymes 
have the potential to lower feed cost and improve turkey performance. 
Commercial enzymes (E) need to be tested and compared to assess 
their value to the commercial turkey industry. In this trial, we tested 
two commercial feed enzymes (Rovabio and Hemicell) for feeding to 
commercial turkey hens. There were four feed treatments (T) using 

Nicholas LW hens. The birds were fed a series of commercial diets. 
The treatments were randomized within 2 blocks of 12 pens (6 pens 
per treatment, 24 pens total). There were 40 hen poults placed in each 
pen (94 ft2/pen.). The treatments were T1 - Positive Control (PC); T2 
- Negative Control (NC), T1 minus 90 kcal/kg}; T3 - Rovabio, {T2 
plus Rovabio}; and T4 - Hemicell, {T2 plus Hemicell}. The birds were 
weighed by pen at placement and then individually at 6, 10 and 15 wk. 
A pelleted basal feed (BF) was provided by a commercial feed mill and 
then processed at the NCSU feed mill. The BF was augmented to make 
the 4 different treatments. Extra fat was applied to make the PC (90 
kcal/ kg above T2, T3, & T4). The E was applied as a liquid by use of a 
hand-held sprayer. Data were analyzed using GLM (SAS) with means 
separated using LS means. There was no effect (P>0.05) of T on BW. 
Feed conversions (FC) were also not different (P>0.05) due to T at 6 
(1.36 + 0.01) or 10 (1.76 + 0.01) or from 6 to 10 (2.09 + 0.02) or 10 to 
15 (2.88 + 0.04) wk. Birds fed PC diet had a (P=0.01) lower 15 wk FC 
than birds fed the NC diet (2.20 vs. 2.28 + 0.02). The 15 wk FC for the 
birds fed E (T3, T4) were intermediate (2.24+0.02). Birds fed differing 
dietary energy levels with dietary nutrients held constant will have dif-
ferent feed conversions. Dietary E can restore FC lost by removal of 
dietary energy (fat). The degree of that restoration is probably depen-
dent on many factors including E, rate of E inclusion, diet components, 
species of animal fed, and health and age of the animal.

Key Words: turkey, feed, enzyme, feed conversion, energy

T126 Use of xylanase in broiler diets based in corn and soybean 
meal with different energy levels Anelcir Scher*1, Alexandre Pires 
Rosa1, Roberto Dornelles2, Lenise Schröder Boemo1, Rodrigo Bron-
zatti1, Daniele Pozzebon Rosa1, Camila Borba Santos1 1Federal Uni-
versity of Santa Maria, Santa Maria, Rio Grande do Sul, Brazil, 2Huve-
pharma, Santa Maria, Rio Grande do Sul, Brazil

The objective of this study was to evaluate the addition of HOSTA-
ZYM X ® in diets with different levels of energy based on corn and 
soybean meal for broilers. This study was carried out at Poultry Lab-
oratory – LAVIC at The Federal University of Santa Maria – Brazil. 
Were used 2240 day old Cobb 500 male Broiler chicks. It was used 
a CRD factorial arrangement 4x2 (zero, 1%, 2% and 3% of reduction 
of metabolizable energy, with or without enzyme addiction), totalizing 
eight treatments with 7 replicates of 40 chicks each. Diets were mashed 
and had the same nutrient levels in the eight treatments at each phase, 
with the exception of the energy levels. Metabolizable energy levels 
in the diets without reduction were: 3050; 3100 and 3150 Kcal/Kg in 
the initial, growing and final phase respectively. Water and food were 
provided ad libitum. The enzyme was added at a dose of 500g/ton and 
had an activity of 3200 EPU/g.  The data were submitted to ANOVA 
and Tukey test. At 42d, broilers from the group fed diets without energy 
reduction weighed 2661.5g and the groups submitted to diets with en-
ergy reduction of 2 and 3% weighed 2616.6 and 2591.3g, respectively 
(P<0.0001). The addiction of the evaluated product increased body 
weight from 2616.3 to 2640.5g (P=0.0131). The reduction of energy 
level in 3% resulted in a lower feed intake at 42d and the addiction of 
the enzyme increased feed intake from 4411.1 to 4447.0g in the 1- 42d 
period (P=0.0889). It was observed interaction between the energy lev-
els and the addiction of enzyme. From 22 to 35d, and 1 to 42d broilers 
fed diets with 2 and 3% energy reduction, with the addition of enzyme 
exhibited higher feed intake than those who fed diets with 3% of energy 
reduction without the addition of enzyme.The reduction of energy lev-
els and the addiction of enzyme had no effects on feed conversion ratio. 
The addiction of HOSTAZYM X ® promoted increases in body weight, 
feed intake and productive efficiency index.

Key Words: enzyme, performance, energy level
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P127 Effect of pectinase, cellulase and hemicellulase on performance 
and digestibility of diets in broilers Fatemeh Alemi*1, Ali Mahdavi*2, 
Sirous Eidivandi3, Seyed Abdullah Hosseini4, Ali Mostafa Tehrani4, Vahid 
Ghasemloo4 1Ph.D of Poultry Nutrition,Tehran, Iran, 2Semnan Univer-
sity Veterinery Faculty, Tehran, Iran, 3Shooshtar University, Shooshtar, 
khozestan, Iran, 4Animal Science Research Institute, Karaj, Alborz, Iran

This trial was conducted to investigate the effects of pectinase, cellulase and 
hemicellulase supplementation on performance and nutrient digestibility in 
broiler chickens fed on corn-soybean meal based diets. The experimental 
diets consisted of 1.corn-soybean meal based control diet 2. Control diet 
supplemented with pectinas, 3. Control diet supplemented with cellulase, 
4. Control diet supplemented with pectinase + cellulose, 5. Control diet 
supplemented with pectinase + hemicellulase and 6. Control diet supple-
mented with pectinase + cellulase + hemicellulase. All chicks were reared 
under conventional commercial broiler starter diet until 15 d of age. The di-
ets were fed to 150 broiler chicks between 15 and 35 d of age. Chicks were 
given experimental diets containing 0.33, 2 and 2 U/g of diet cellulose, 
hemicellulase and pectinase respectively. There were not any significant 
differences between the experimental groups in body weight gain and feed 
conversion ratio but the treatment that consist of 3 enzymes showed greater 
body weight gain and better feed conversion ratio than the other treatments. 
This treatment improved FCR in first, second, third week and total period 
of experiment 6.56, 13.08, 10.10 and 9.04 % to control group respectively. 
The effect of an exogenous enzyme containing pectinase+cellulase+hemi
cellulase on digestibility of a corn/soy-based diet was the highest. This ex-
perimental group increased organic matter and energy digestibility respec-
tively 6.54 and 7.18 % than control group. Also supplementation of three 
enzymes together eventuated the highest digestibility of protein (P<0.05). 
It can be concluded that combinational of these enzymes is effective in 
improving digestibility. It is concluded that supplementation with these en-
zyme preparations, which can improve uniformity and decrease mortality 
in broiler chickens fed on maize-based diets. This improvement is achieved 
through enzyme effects on digestion and potential of utilization.

Key Words: Pectinase, Cellulase, Broiler, Performance, Digestibility

P128 Effect of increasing levels of trypsin inhibitors on broilers’ per-
formance Martin Ruiz de Galarreta1, Bernardo Iglesias*2, Jorge Azcona2, 
Viviana Charriere2 1UNNOBA Pergamino, ECANA, Pergamino, Buenos 
Aires, Argentina, 2INTA - EEA Pergamino, Seccion Aves, Pergamino, 
Buenos Aires, Argentina

Seed proteins play important roles in the survival of plants. The major bio-
logically active proteins include lectins, enzymes and enzyme inhibitors, like 
trypsin inhibitors. An experiment was conducted to evaluate the effect of in-
creasing levels of trypsin inhibitors (TI) in corn-soy diets on chickens’ perfor-
mance. A total of 630 1-d-old male Cobb broilers chicks were allocated to 6 
treatments with 7 replicates of 15 birds each in a randomized complete block 
design. Data was subjected to ANOVA with lineal contrast. The treatments 
had 1.4, 2.4, 3.4, 4.4, 5.4 and 6.4 trypsin inhibitors units per mg of diet (TIU/
mg) achieved using different amounts of soy bean meal (4.3TIU/mg) and 
extruded full fat soy bean with low (10.1TIU/mg ) or high TI level (30.5TIU/
mg). It was observed a lineal decrease in birds’ performance when the di-
etary TI content increased (P < 0.05). On the other hand, a significant lineal 
increase in pancreas weight was observed (P < 0.05) reaching up to 40.8% of 
increase with the highest TI level. There were no differences in zootechnical 
response between the first two TI levels (P > 0.05). From 3.4TIU/mg of diet, 

body weight (BW), feed conversion ratio (FCR) and the ratio between BW 
and FCR begun to decrease (P < 0.05). Consequently, the age to achieve the 
slaughter BW (2800g) was increased up to 3.3 days with the highest TI level. 
The feed intake also had a lineal decrease from 14 days old, possibly due to 
the minor BW of birds. The negative effect on BW of TI dietary content was 
stronger at early ages (e.g. with 6.4TIU/mg was observed a loss of 17.1% at d 
14 and 9.1% at d 49 compared to 1.4TIU/mg). In conclusion, it was observed 
a negative lineal effect of the TI present in diet on broilers’ performance, but 
no differences were observed between 1.4 and 2.4TIU/mg of feed. Higher TI 
levels were negatively associated with the birds’ performance. The optimal 
level of TI in the diet should not overcome 2.4TIU/mg.

Key Words: Antinutritional factors, Chicken, Extruded full fat soy 
bean, Soy bean meal, Pancreas

P129 Thermal Stability of a Bacterial Commercial Protease 
(RONOZYME® ProAct) in Pelleted Feeds. Nelson E. Ward*, Marc 
de Beer, Jon Wilson, Donnie Campbell, Kurt Vogel DSM Nutritional 
Products Inc., Parsippany, NJ

Two experiments investigated the pelleting stability of a thermo-stable 
commercial bacterial protease (RONOZYME® ProAct) derived from No-
cardiopsis prasina and produced by Bacillus licheniformis. Experiment 1 
was conducted at the Kansas State University Department of Grain Science 
and Industry feed production facilities. In a 2 x 3 factorial, two conditioning 
times (30 and 60 seconds) and three pelleting temperatures of 70, 80 and 
90oC were tested. Temperatures were confirmed with a digital thermometer 
near the exit of the conditioner. Conditioning moisture was set to be maxi-
mized at 17%. ProAct was added at 200 ppm to a corn-soybean meal based 
broiler grower feed. For each batch, 5 samples of mash and 3 samples of 
pellets were collected, and survivability was determined by the analytical 
quantification of protease in mash versus pellets. At 70, 80 and 90oC, the 
survivability was 97%, 95% and 97%, respectively. Minimal difference in 
stability was found across conditioning times. For 30 and 60 seconds across 
all three temperatures, survivability was determined to be 94 and 98%, re-
spectively.

In Experiment 2, the thermal stability of ProAct was determined in a group 
8 commercial poultry feed mills across a large geographical area with a 
mean pelleting temperature of 88oC and conditioning time of 42 seconds. 
In these mills, ProAct exhibited a survivability of 95 +/-3%.

Controlled and commercial testing confirms the superior stability during 
feed pelleting of RONOZYME® ProAct.

Mill 
Identification

Pelleting Temperature, 
oC/ oF

Conditioning 
Time, sec

Survivability, 
%

A 85/185 35 95
B 83/182 35 94
C 90/194 30 100
D 90/194 40 92
E 94/201 60 100
F 86/186 50 94
G 88/190 45 93
H 88/190 45 97

AVG 88/190 42.5 95.6
STD DEV 3.4 9.6 3.1

Key Words: RONOZYME, ProAct, protease, thermal, stability
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P130 Effect of different phytases on the concentration of inositol 
phosphate isomers and P net absorption in different segments of the 
digestive tract in broilers Ellen Zeller1, Margit Schollenberger1, Jeannette 
Boguhn1, Imke Kühn*2, Markus Rodehutscord1 1Institute of Animal Nutri-
tion, University of Hohenheim, Stuttgart, BW, Germany, 2AB Vista, Darm-
stadt, HE, Germany

In vitro studies have shown that phytases of different origin initiate myo-
inositol hexakisphoshate (InsP6) degradation and release of P at different 
positions on the inositol ring, leading to different myo-inositol pentakispho-
shate (InsP5) isomers. The objective of the present study was to investi-
gate the influence of an Aspergillus 3-phytase (Finase®P) and two E.coli 
derived 6-phytases (QTR and QPT2) on InsP6-degradation, concentrations 
of InsP5-isomers and P net absorption in different sections of the digestive 
tract in broilers. Six hundred 16-day-old unsexed broilers were allocated 
to 40 floor pens (n=10 pens per treatment). The low-P corn and soybean 
meal-based diets were fed without or with supplementation of one of the 
phytases at a level of 500 FTU/kg. At 25 days of age the animals were as-
phyxiated by CO2 exposure. Digesta from different digestive tract sections 
was pooled per segment on a pen-basis. All samples, after being frozen and 
freeze-dried, were analysed for P, inositol phosphates and the marker TiO2. 
InsP isomers were detected by High Performance Ion Chromatography, 
excluding enantiomer differentiation. In the crop, all phytases significantly 
improved InsP6-degradation from 9% in the control up to 64% (Finase®P), 
31% (QTR) and 44% (QPT2), with the 3-phytase treatment being signifi-
cantly higher than the other phytase treatments. In the duodenum/jejunum 
this difference disappeared and the average InsP6-degradation was 64%. 
InsP6 degradation at the terminal ileum tended to be higher with the 6-phy-
tases (QTR, 79%; QPT2, 82%) compared to the 3-phytase (74%) or the 
control (74%). Accordingly, P net absorption until the terminal ileum tended 
to be higher with the 6-phytases (QTR: 60%; QPT2: 64%) compared to the 
3-phytase (56%) or the control (57%). In all segments of the digestive tract 
the dominating InsP5 isomer was Ins(1,2,4,5,6)P5 for the 3-phytase, while it 
was Ins(1,2,3,4,5)P5 for the 6-phytases. This confirms results from in vitro 
studies that had shown appearance of different InsP6 hydrolysis products. In 
broilers this results in InsP6 degradation efficiency differing between phy-
tases up to the end of the ileum.

Key Words: Broiler, InsP6 degradation, Isomers, Phytase, Phosphorus

P131 Effect of dietary β-mannanase and palm kernel meal (PKM) on 
laying performance and egg quality of older laying hen Jun Yeob Lee*1, 
Myoung Ho Lee1, Jeong Heon Lee2, Jae Hwan Lee3, Sang Jip Ohh4 1Col-
lege of Animal Life Science, Kangwon National University, Chuncheon-si, 
Gangwon-do, Republic of Korea, 2Hanil Feed Co., Yongin-si, Kyonggi-do, 
Republic of Korea, 3CTCBIO Co., Seoul, Republic of Korea, 4Kangwon-
daehak-gil, College of Animal Life Science, Kangwon National University, 
Chuncheon-si, Gangwon-do, Republic of Korea

This study was conducted to evaluate how dietary β-mannanase supple-
mentation affect older laying hen. A total of 240 Lohmann laying hens at 
73 wk of age with average 77.5% egg production were randomly allocated 
into 4 treatments with 4 replicates. Two levels of PKM (0 vs 5% PKM) and 
two dietary β-mannanase (CTCzyme®, CTCBio Inc., Korea) levels (0 vs 
480IU/kg of diet) were 2 × 2 factorially arranged to set 4 treatments for 4 
weeks feeding trial. All diets were formulated to be isocaloric (2,720kcal/
kg) and isonitrogenous (16.2%). Egg production, feed intake (FI) and feed 
conversion ratio (FCR) were measured weekly. Apparent nutrient utiliz-
abilities (%) were measured at the end of feeding trial using total collection 
method. In addition, egg qualities, serum IgG and yolk IgY were measured. 
Egg production was not affected by either PKM inclusion or β-mannanase 
supplementation into diets. However, feed intake was decreased (p<0.05) 
by dietary β-mannanase supplementation regardless of PKM inclusion into 
the diets. FCR was tended to be improved by β-mannanase supplementa-

tion. There were no differences on the most of egg quality items among 
treatments. Exceptionally, there was an increased (p<0.05) albumin height 
in egg from β-mannananse supplemented group. Crude fat utilization of 5% 
PKM diet was higher than that of no PKM diet regardless of β-mannanase 
supplementation. Carbohydrate utilization of 5% PKM diet was improved 
(p<0.05) by β-mannanase supplementation compared to no β-mannanase 
supplementation. There were no differences in serum IgG and yolk IgY 
contents among treatments. This result implied that it is possible to include 
5% level of PKM to old laying hen diet and β-mannanase could be useful 
to restrain excess feed intake by older laying hen without sacrifice on egg 
production.

Key Words: β-mannanase, laying hen, palm kernel meal, performance

P132 Efficiency of a thermotolerant phytase on turkey perfor-
mance Imke Kühn*1, Maria Francesch2 1AB Vista, Darmstadt, Hessen, 
Germany 2IRTA, Monogastric Nutrition, Constantí, Tarragona, Spain

The efficacy of a thermotolerant 6-phytase QPT2 was evaluated in 1200 
female B.U.T. 9 turkeys fed 4 dietary treatments (12 replicates, each with 25 
turkeys). Corn and soybean meal diets with recommended (PC) or reduced 
(NC) mineral level were tested. Diets contained 0.67% non-phytate P (nPP), 
1.3% Ca and 0.17% Na (PC) or 0.43% nPP, 1.0% Ca and 0.14% Na (NC) 
from 0 to 28 d; 0.56% non-phytate P (nPP), 1.15% Ca and 0.17% Na (PC) 
or 0.35% nPP, 0.86% Ca and 0.14% Na (NC) from 29 to 56 d and 0.45% 
non-phytate P (nPP), 0.98% Ca and 0.17% Na (PC) or 0.26% nPP, 0.71% 
Ca and 0.14% Na (NC) from 57 to 86 d. Phytase was added at 500 or 1000 
FTU/kg to NC diets. Performance was measured at days 28, 56 and 86. The 
experiment was set up as randomized complete block design and data were 
subjected to ANOVA. 

Over the entire period, the weight gain of the NC birds did not differ from 
the PC ones (80.7 vs. 82.6 g/d; P>0.05), whereas phytase addition improved 
gain compared with the NC, with no differences between inclusion rates 
(84.7 g/d; P<0.05). Feed intake of 169.3 g/d for NC birds increased to 175.2 
g/d for birds fed the PC and 178.6 or 176.4 g/d for those that received 500 
and 1000 FTU/kg phytase respectively (P<0.05). No effect of diet or phy-
tase on feed conversion ratio was noted (2.08 to 2.12, P>0.05). 

In the separate feeding periods similar effects were seen but they were more 
distinct between days 29 and 56. In this period the weight gain of the NC 
was significantly lower compared with the PC turkeys (97.1 and 100.6 
g/d respectively; P<0.05). Phytase significantly improved weight gain 
compared with the NC with birds achieving 102.1g/d (500 FTU/kg) and 
104.3 g/d (1000 FTU/kg), the latter being significantly superior to the PC 
(P<0.05). FCR in this period was improved in turkeys offered 1000 FTU/kg 
(1.64 g/g) when compared to the other treatments (1.68-1.70 g/g; P< 0.05).

In this experiment QPT2 phytase increased availability of minerals associ-
ated with phytate, allowing reduced dietary P, Ca and Na levels without 
penalizing performance. 

Key Words: turkey, phytase, performance, phosphorus, calcium

P133 Evaluation of high dose phytase and NSPase inclusion in diets 
varying in energy level on broiler performance and carcass yield Jacob 
Prukop*1, Blyn Brown2, Jason Lee1 1Poultry Science Department, AgriLife 
Research, Texas A&M System, College Station, TX 2Enzyvia, LLC, Sheri-
dan, IN

An experiment was conducted to investigate the effect of increased levels 
of phytase (OptiPhos®) inclusion and a cocktail NSPase (Enspira™) on 
growth performance and processing yield in diets varying in energy level. 
The experimental design included a total of seven dietary treatments with 
two energy levels: a positive control (PC) and negative control (NC) with 
a reduction of 130 kcal/kg ME throughout the experiment compared to the 
PC. Additional treatments included phytase supplemented at 4X the recom-
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mended dose in the PC and NC, NSPase inclusion in the PC and NC, and 
the combination of high phytase and NSPase in the NC diet. Each treatment 
included seventeen replicate pens with 14 broilers placed per treatment 
group (1666 total chicks placed). Dietary program consisted of a starter (day 
1-14), grower (day 15-29), and finisher (day 30-42). Broilers were weighed 
and feed consumption determined on days 14, 29, and 42. Following an 
8 hr feed withdrawal, two male and two female broilers per replicate pen 
were processed to determine WOG and fat pad weight. Body weight was 
reduced (P<0.05) in the NC diet as compared to the PC diet on day 14 and 
29. Inclusion of high dose phytase in the PC diet increased body weight 
through day 29 while inclusion in the NC increased body weight through-
out the experiment. Inclusion of NSPase in the NC diet increased (P<0.05) 
body weight through day 29 of age. Mortality corrected feed conversion 
ratio (FCR) was increased (P<0.05) throughout the experiment in the NC 
as compared to the PC diet. Inclusion of high levels of phytase reduced 
(P<0.05) FCR in the starter diet and cumulatively through 42 days of age 
in both the PC and NC diets. Inclusion of NSPase reduced (P<0.05) FCR 
when included in both the PC and NC diets at the conclusion of the experi-
ment. Inclusion of the high dose phytase in the NC diet increased (P<0.05) 
WOG weight and yield. The combination of high levels of phytase with a 
cocktail NSPase did not lead to improvements in performance as opposed 
to individual inclusion. These data indicate that high levels of phytase and a 
cocktail NSPase can improve growth performance in high and low energy 
diets when added separately, however no additive effects were observed 
when used in combination.

Key Words: enzyme, energy, broiler, performance, phytase

P134 Effect of a protease on a phytase when fed to broiler chick-
ens Patrick Biggs*1, Brian Spencer1, Bonnye Talbot1, Jim Garlich2, JJ 
Wang1 1BioResource International, Inc., Morrisville, NC, 2North Caro-
lina State University, Raleigh, NC

A trial was conducted to determine whether a phytase can maintain its ac-
tivity in the presence of a protease in the diet of broiler chicks. Ross 308 x 
Ross 708 male broiler chicks were fed one of 6 corn-soybean meal mash 
diets from day of hatch to 21 d in a randomized complete block with 6 
replications per dietary treatment and 8 birds per replication. The positive 
control (PC) diet contained 0.45% available P (AP) with no additional en-
zymes. The negative control (NC) diet contained 0.30% AP with no ad-
ditional enzymes. The remaining 4 diets were arranged in a 2x2 factorial 
utilizing phytase A or B at 0.01% and with or without a protease at 0.05% 
added to the NC. At the conclusion of the experiment, two birds from each 
replicate were sacrificed to determine tibia ash as a percentage of fat-free 
bone. Body weight gain, feed consumption, and feed conversion were not 
affected by dietary treatment (P>0.05) over the 21-d experiment. Tibia 
bone ash was significantly reduced (P<0.001) for birds fed the NC diet 
(36.0%) in comparison with all other dietary treatments. Tibia ash was sim-
ilar among the remaining dietary treatments with a mean of 39.8%. There 
was no significant interaction between phytase and protease. The signifi-
cant increase of tibia bone ash in chicks fed the diets containing phytase 
A or B plus the protease when compared to the NC indicated that phytase 
activity is not compromised by the inclusion of protease in the diet.

Key Words: protease, phytase, bone ash, enzyme, broiler

P135 Effects of xylanase and dietary energy on first cycle laying 
hen production N.A. Nachtrieb*1, A.B. Batal2, M Persia1 1Iowa State 
University, Ames, IA,  2Huvepharma Inc., Peachtree, GA.

A 24 wk experiment was conducted using 432 first cycle Hy-line 36 
laying hens to determine the performance response to various dietary 
energy concentrations with and without enzyme supplementation 
(Hostazym X®). The experiment was a 2x3 factorial arrangement, with 
xylanase addition and 3 dietary energy concentrations (Control; 2,850 

kcal/kg, Control -77 kcals/kg; 2,772 kcal/kg, Control -104 kcals/kg; 
2,696 kcal/kg). The experimental unit (EU) was 3 consecutive cages of 
3 birds per cage (68 in2/ bird), resulting in 8 EU of 9 birds per treatment. 
Pullets were secured from a commercial facility and were allowed to 
transition to the experimental facilities for 2 wk before experimental 
diets were provided. Egg production and mortality data were collected 
daily, feed intake was measured weekly and hen body weight and egg 
mass was determined monthly. ANOVA was conducted using a 2x3 
factorial arrangement with Students T test used to separate means if 
significance was detected. Birds fed diets supplemented with xylanase 
had increased hen housed egg production over the duration of the ex-
periment (P<0.05). Feed intake increased with the reduction of dietary 
energy (P<0.05). Egg mass was increased due to xylanase addition 
in week 12, but a significant interaction occurred in wk 16 and 20, as 
supplementing hen diets with xylanase resulted in increased egg mass 
in all diets but the lowest energy diet (P<0.05). Feed efficiency was 
generally improved with xylanase supplementation to the diets from 
wk 8 to 16 (P<0.10). Hen body weight was not affected by xylanase or 
energy concentration. Overall, supplementing the diets with xylanase 
increased egg production and improved egg mass and feed efficiency 
over specific periods. The xylanase response was consistent over the 
various dietary energy concentrations, but was not able to always in-
crease egg mass in the diet with the lowest energy concentration (-104 
kcal/kg), this was possibly due to decreased feed intake at this dietary 
energy concentration.

Key Words: laying hen, production, enzyme, dietary energy

P136 Effect of Pelleting Temperature on the Recovery and Efficacy 
of a Xylanase in a Corn-Soybean-DDGS-Based Diet Byoungyun 
Jung*1, Amy Batal2 1The University of Georgia, Athens, GA, 2Huveph-
arma, Inc., Peachtree, GA

The supplementation of exogenous enzymes improves the energy uti-
lization of the diet and broiler performance by increased digestibility 
of nutrients in the diet, reduced mucosal viscosity and degradation of 
cereal cell walls. In today’s commercial poultry feed mills, most of the 
feed is heated and then compressed to form pellets. Overheating can 
reduce protein digestion and activation of exogenous enzymes. There-
fore, the stability of supplemented enzymes in the diet after pelleting 
may be a major concern of feed manufacturers. An experiment was con-
ducted to evaluate the effect of pelleting temperature on the recovery 
of a xylanase as well as the efficacy of a xylanase in the diet by moni-
toring broiler performance. In a 2 (a positive or negative control diet) 
× 2 (addition or no addition of xylanase (Hostazym X) × 3 (different 
pelleting temperatures; 173, 183, 193 F) factorial design,432 one-d-old 
male Cobb-500 broilers were randomly assigned to the 12 dietary treat-
ments. The negative control (NC) diet was formulated to be reduced in 
energy by 80 kcal/kg compared with the positive control (PC) diet. Six 
replicate pens containing 6 chicks were fed each experimental diet from 
0 to 21 d of age. The xylanase activity in the diets reduced as the pellet-
ing temperature increased. No effects on BW gain, feed intake, and feed 
efficiency (G: F) were observed by the reduced energy diet, xylanase 
addition, and pelleting temperatures from 0 to 7 d of age. From 8 to 14 
d of age the birds fed diets pelleted at 183 F were heavier than the birds 
fed diets pelleted at 193 F regardless of the different energy levels and 
the xylanase addition from 8 to14 d of age. The birds fed the NC diet 
had higher feed intake than the birds fed the PC diet regardless of the 
xylanase addition and different pelleting temperatures from 8 to 14 d 
of age. The addition of a xylanase to the broiler diet tends to positively 
affect BW gain and feed intake regardless of the different energy level 
and different pelleting temperatures from 8 to 14 d of age. In conclu-
sion, pelleting temperature in the pelleted broiler diet should be care-
fully considered due to negative effects on BW gain and efficacy of 
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enzyme activity in the diets. This data suggests that although xylanase 
recovery is low in the diets with high pellets temperature there may still 
be some xylanase activity.

Key Words: Broilers, xylanase, pelleting temperature, performance

P137 Energy evaluation of cottonseed meal with or without exoge-
nous enzymes for broilers Alcilene Maria Andrade Tavares-Samay*1, 
Andrew Henrique da Silva Cavalcanti Andrew Henrique da Silva Cav-
alcanti Coelho1, Wilson Moreira Dutra Júnior1, Carlos Bôa-Viagem Ra-
bello1, Cláudia Costa Lopes1, Elainy Cristina Lopes1, Camilla Roana 
Costa de Oliveira1, Emanuela Nathaly Ribeiro Barbosa1, Costa Fernan-
do Guilherme Perazzo2 1Universidade Federal Rural de Pernambuco, 
Recife, Pernambuco, Brazil, 2Universidade Federal da Paraiba, Areia, 
Paraiba, Brazil

In order to determine the chemical composition and energetic val-
ues for cottonseed meal (CM) with or without addition of enzymes 
(phytase+protease) for broilers from eight to 21 days of age, we con-
ducted a test metabolism method collection of excreta using 192 male 
broiler chickens, Cobb 500. We used a completely randomized 2x2 fac-
torial design (levels of CM: 0 and 25% vs addition of enzymes, with 
and without enzyme) with six replicates and eight birds per plot. The 
collection period was four days. We used 1% ferric oxide as a marker. 
The treatments were: reference diet, with corn and soybean meal, with 
and without enzymes (T1 and T2, respectively) and feed-tests with 
25% of CM with and without enzymes (T3 and T4, respectively) with 
40g/100kg which were added ferrous sulfate. The phytase and protease 
were used in amounts 15 and 20g/100kg, respectively, following manu-
facturer’s recommendations. The variables were submitted to ANOVA 
and means were compared by the test T. The chemical composition of 
CM was 94.58% for dry matter, 24.28% for crude protein, 7.51% for 
ash and 4.614 kcal/kg gross energy. The apparent metabolizable energy 
(AME), corrected for the apparent nitrogen (AMEn), metabolizability 
coefficient of dry matter (MCDM) and gross energy (MCGE) was ana-
lyzed and the CM in the dry matter were: 3344 and 3165 kcal/kg, 68.80 
and 69.90% for T1, 3325 and 3150 kcal/kg, 67.74 and 69.19% for T2, 
3228 and 3009 kcal/kg, 62.15 and 64.30% for T3; 3124 and 2944 kcal/
kg, 60.24 and 63.48% for T4 and 2878 and 2491 kcal/kg, 47.15 and 
64.90% for the CM without enzymes and 2523 and 2335 kcal/kg; 45.68 
and 60.21% for the CM with enzymes, respectively. The addition of 
enzymes did not provide significant differences in relation to metabo-
lizable energy, and MCDM MCGE in both the experimental diets and 
the CM, demonstrating that the enzymes used did not increase the avail-
ability of energy of feed ingredients. The presence of enzymes did not 
affect the AME, AME n, MCDM and MCGE of CM in diets for broiler 
in initial phase.

Key Words: metabolizable energy., phytase, protease, digestibility, 
metabolizable energy

P138 Broiler responses to corn-soybean diets having phytase and 
protease in single or combined supplementations Sergio Vieira1, 
Andre Favero*1, Roselina Angel2, Henrique Cemin1 1Universidade 
Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil, 2University of 
Maryland, College Park, MD

A study was conducted to evaluate phytase and protease supplemen-
tations in corn-soybean meal broiler diets. A total of 270 Cobb 500 
slow feathering male broilers were fed a positive control diet (PC) with 
0.37% nPP or a negative control diet (NC) with 0.23% nPP. The NC 
diets were supplemented with 500, 1000 or 1500 FYT from Peniophora 
lycii and one NC diet was supplemented simultaneously with 1500 FYT 
of the same phytase in combination with 200 ppm of a protease from 
Nocardiopsis prasina (75,000 PROT units/g of enzyme). Birds were fed 

the experimental diets from 1 to 21 d of age in battery cages, with 8 
replicates of 5 birds each. All diets had 22.0% CP (1.15% digestible 
Lys, 0.86% digestible TSAA, and 0.75% digestible Thr), 0.80% Ca, and 
2,950 kcal ME/kg. Analyzed CP, Ca, total P, phytase and protease in the 
diets were similar to formulated in the diets. Body weight gain (BWG) 
was reduced for NC non supplemented with phytase or protease when 
compared with PC. Supplementation of NC with phytase or protease led 
to graded improvements (P<0.001), such that BWG were: PC=921g, 
NC=568g, NC+500FYT=821g, NC+1000FYT=893g, NC+1500FYT 
=939g, and NC+1500FYT+ Protease=912g. Feed conversion ratio 
corrected for the weight of dead birds (FCR) was depressed when PC 
was compared to NC without enzyme supplementation. However, phy-
tase supplementation led to recovering in performance to values simi-
lar to PC. FCR values for the PC, NC, NC+500 FYT, NC+1000FYT, 
NC+1500FYT and NC+1500FYT+Protease were respectively: 1.304, 
1.389, 1.285, 1.292,1.276, and 1.223.Simultaneous supplementation of 
phytase and protease led to added benefits in FCR which were higher 
(P<0.001) when compared to the PC diet. It is concluded that the phy-
tase and protease used in this study were able to produce added gains 
when combined at 1500 FYT and 200 ppm of protease which produced 
similar or better performance than the PC diet.

Key Words: broiler, phytase, protease, performance

P139 Meta-analysis of the effects of a Phytogenic Feed Additive 
on performance in broiler Leopold Jungbauer*1, Kenneth Purser2, 
Karola Renate Wendler1 1Delacon, Steyregg, Austria, Steyregg, Upper-
austria, Austria, 2Nutriquest, Quincy, IL

Aim of this meta-analysis is to show the beneficial effects of the phyto-
genic feed additive Biostrong® 510 (PFA) on weight gain (DWG), feed 
intake (DFI) and feed conversion ratio (FCR) in 42 day old broilers.  
A total of 1,296 day-old chickens in 5 different trials at 3 different 
institutes were randomly allocated to two treatment groups (T1: Con-
trol, T2: PFA at 150 g/t) with each 6-12 repetitions and each repeti-
tion with 20-30 broilers. Starter feed was offered until 21 days of age, 
followed by finisher feed until the end of the trials on day 42. Diets 
consisted mainly of corn, soybean meal and wheat and were calculated 
to provide appropriate nutrient concentrations for chickens for fatten-
ing. Diets were free of antibiotic growth promoters. Water and feed 
were available ad libitum. Chickens were weighed at the start of each 
trial, at the end of the starter phase and at the end of the experiment. 
Feed intake and feed conversion ratio were recorded per pen for the 
two phases and overall. Data were used in a meta-analysis conducted 
as a complete randomized design using the MIXED procedure of SAS 
for Windows (SAS Institute, 2002). The model includes treatment as 
a fixed effect and trial as a random effect. Statistical significance is 
declared at P ≤ 0.05, and a near-significant trend at 0.05 < P ≤ 0.10.  
Results show that the addition of the PFA had no effect on performance 
during the starter phase till day 21. During the grower phase DWG 
was slightly increased by 2% (p=0.244) and FCR was significantly 
improved by 4.2% (p=0.003) through the addition of the PFA. Dur-
ing the whole growing period DWG was slightly increased by 1.5% 
(p=0.315) and DFI was numerically reduced by 1.7% (p=0.288), 
whereas FCR was significantly improved by 3.1% (p=0.008). 
These results show that the addition of Biostrong® 510 improves per-
formance in broiler production, supposable through a positive effect 
on nutrient digestibility. Consequently an improved FCR and increased 
BW enhance profitability of broiler production.

Key Words: phytogenic, plant extract, broiler, feed conversion, per-
formance
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P140 Effect of graded inclusion levels of a novel bacterial 6- phy-
tase on apparent ileal digestibility of phosphorus in laying hens R. 
Aureli*1, M. Umar Faruk1, Fidelis Fru1, J. Broz2 1DSM, St. Loius, 
France,  2DSMNutritional Products Ltd, Basel, Switzerland

A 4-week experiment of was conducted to evaluate the efficacy of a 
bacterial 6- phytase (RONOZYME HiPhos) in a liquid form in lay-
ing hens fed a phosphorus deficient diet based on maize and soybean 
meal. The basal diet was formulated to contain 2.0 g available P and 
34.5 g Ca per kg. The laying hens were fed with the basal diet without 
enzyme supplementation from 23 weeks to 25 weeks of age to induce a 
phosphorus deficiency. At 25 weeks of age, the hens received the basal 
diet either unsupplemented (negative control) or supplemented with the 
phytase at 500, 1000 and 2000 U/kg. As reference a diet supplemented 
with dicalcium phosphate to provide 1 g P per kg/kg diet was fed and 
served as a positive control treatment. Ileal digestibilities of phosphorus 
and tibia characteristics were determined as response parameters.

The results of the experiment demonstrated that the apparent ileal di-
gestibility of phosphorus was significantly improved by phytase sup-
plementation in a dose dependent manner. Relative improvements in 
a range of 19.8 % to 28.2 % were demonstrated with graded inclusion 
levels of phytase. The response of the apparent ileal digestibility of 
phosphorus to the addition of the phytase was described by a non-linear 
regression y = 45.9 + 12.6 (1-e-0.0019x), R2 =0.98. Under the conditions 
of the present trial, tibia strength responded to phytase supplementation 
in a linear manner (R2=0.99) with numerical improvement in a range of 
12 % to 38 %.

Key Words: 6-phytase, ileal digestibility, phosphorus

P141 Evaluation of multiple energy enzyme inclusion in re-
duced energy diets on broiler growth performance and process-
ing yield Joseph Klein1SC, Mallori Williams*1SC, Blyn Brown2, Jason 
Lee1 1Poultry Science Department, AgriLife Research, Texas A&M 
System, 1Poultry Science Department, AgriLife Research, Texas A&M 
System, College Station, TX, 2Enzyvia, LLC, Sheridan, IN

An experiment was conducted to investigate the inclusion of multiple 
commercial energy enzyme inclusion in low energy broilers diets on 
broiler growth performance and processing yield. The experimental de-
sign included six dietary treatments including a positive control (PC), 
negative control (NC) with a reduction of 130 kcal/kg ME throughout 
the experiment compared to the PC, and the NC supplemented with 
one of four commercially available enzymes (A, B, C, and D). Each 
treatment included eight replicate pens with 30 broilers placed per treat-
ment group (1440 total chicks placed). Dietary program consisted of 
a starter (0.68 kg/bird), grower (1.45 kg/bird), finisher (1.45 kg/bird), 
and withdrawal (remainder of grow out). Broilers were weighed and 
feed consumption determined on days 14, 28, and 44. Following an 8 
hr feed withdrawal, six male broilers per replicate pen were processed, 
air chilled, and deboned for white meat yield determination. Body 
weight was reduced (P<0.05) in the NC diet as compared to the PC diet 
on day 14 and 28. Inclusion of multiple enzymes increased (P<0.05) 
broiler body weight compared to the NC diet throughout the experi-
ment. Cumulative mortality corrected feed conversion ratio (FCR) was 
decreased (P<0.05) with inclusion of enzyme D as compared to the 
NC. The NC diet yielded the lowest processing yields and all enzyme 
inclusion treatments increased multiple processing parameters to a lev-
el similar to the PC including WOG weight and breast weight. These 
data confirm the ability of commercially available energy enzymes to 
improve growth performance in low energy broiler diets providing pro-
ducers a cost saving measure.

Key Words: enzyme, energy, broiler, performance, processing yield

P142 Effect of a novel bacterial phytase on broiler performance, 
tibia ash and mineral digestibility Andre Favero*1SC, Sergio Vieira1, 
Roselina Angel2, Jaime Ernesto Pena1SC 1Universidade Federal do Rio 
Grande do Sul, Porto Alegre, RS, Brazil,  2University of Maryland, Col-
lege Park, MD

An experiment (Exp) was done to test the responses of increasing con-
centration of a phytase (bacterial 6 phytase expressed in Aspergillus 
oryzae by the use of a gene mimicking Citrobacter braakii; HiPhos, 
DSM Nutritional Products). Cobb 500 slow feathering male broilers 
ware fed one of 7 diet treatments (Trt) from 7 to 21 d of age. Birds 
were fed a commercial starter prior to the start of the Exp. Each Trt 
was replicated 11 times (5 birds per battery cage). Corn soy diets were 
formulated to meet industry nutrient concentration (PC, 21.6% CP, 1% 
Ca and 0.45 nPP) and reduced to 0.35, 0.30 and 0.27% nPP and 0.88, 
0.82, and 0.77% Ca, respectively for the Trt labeled negative control 
(NC) 500, 1000, and 2000. The NC diets were also formulated reducing 
ME and digestible AA as compared to the control based on matrix val-
ues for 500, 1000, and 2000 FYT/kg (NC500, NC1000, and NC2000, 
respectively). For example digestible Lys (dLys) was reduced by 0.007, 
0.011, and 0.014 in the NC500, NC1000, and NC2000, respectively. 
The phytase was added at 500, 1000, and 2000 FYT/kg to the NC500 
(NC500+), NC1000 (NC1000+), and NC2000 (NC2000+) diets result-
ing in 7 Trt. Diet nutrient and phytase content analyzed close to formu-
lated. BW at 21 d was affected (P<0.001) by Trt. Birds fed the PC diet 
had greater BW than those fed the NC1000 and NC2000 with those fed 
the NC500 being intermediate. Broilers fed the NC Trt with phytase 
performed as well as those fed the PC Trt. Similar results were seen for 
FCR. FCR was 1.319, 1.370, 1.391, 1.414, 1.353, 1.350, and 1.342 for 
the PC, NC500, NC1000, NC 2000, NC500+, NC1000+, and NC2000+ 
Trt, respectively. Ca digestibility was greater in the NC1000+ (52.0%)
and NC2000+ (58.6%) Trt (41.5% average). P digestibility was de-
creased when the NC Trt were fed (43.9% average) vs the PC fed birds 
(53.4%). When the phytase was added, P digestibility improved as com-
pared to all other Trt (56.0, 66.8, 73.3% for the NC500+, NC1000+, 
and NC2000+, respectively). Tibia ash was highest for the PC, NC500 
and the phytase supplemented NC Trt as compared to the NC500 and 
NC1000 Trt. The phytase, added to the NC diets was efficacious in re-
turning performance to PC levels even when the NC diets by matrix 
values beyond Ca and nPP.

Key Words: Broiler, Phytase, calcium and phosphorus digestibilities, 
performance, tibia ash

P143 Nutritional values of co-products of cocoa and kola as poul-
try feedingstuff Rasheed Adedayo Hamzat*1, 2, O. Adeola1 1Depart-
ment of Animal Sciences, Purdue University, West Lafayette, IN, 2De-
partment of Biological Sciences, Crescent University, Abeokuta, Ogun 
State, Nigeria

Many by – products that are considered as wastes in Nigeria have great 
potentials as poultry feed ingredients if properly handled, processed and 
incorporated into rations. Some of such wastes are cocoa bean shell (CBS), 
cocoa pod husk (CPH), kola testa (KOT) and kola pod husk (KPH). Nige-
ria is one of the world largest producers of cocoa and kola and hence the 
by-products of these crops are abundantly wasted and constitute nuisance 
at farmstead and/or processing factory sites. Evaluating the nutritional val-
ues of these by-products will offer possibility of effectively utilizing them 
as feed ingredients. The present study investigated the proximate contents, 
fibre fractions, mineral and amino acid profiles and energy values of CBS, 
CPH, KOT and KPH in order to assess their various potentials as feed re-
sources. The components that were analyzed included the crude protein, 
ash, crude fat, crude fibre, acid detergent fibre, neutral detergent fibre, caf-
feine, calcium, phosphorus, magnesium, potassium, sodium, iron, zinc, 
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copper, manganese, molybdenum, sulphur, chloride ion, cobalt, taurine, 
proline, hydroxyproline, aspartic acid, threonine, serine, glutamic acid, lan-
thionine, glycine, alanine, cysteine, valine, methionine, isoleucine, leucine, 
tyrosine, phenylalanine, lysine, hydrolysine, ornithine, histidine, arginine, 
tryptophan and energy. The results of the chemical determinations revealed 
that CBS, CPH, KOT and KPH have a fairly good chemical composition 
suitable for use as poultry feed ingredients. The fibre contents may how-
ever dictate the level of the co-products that can be incorporated in the 
rations of poultry.

Key Words: selected tree crops, co-products, nutritional values, feed 
resource, poultry

P144 Nutritional value of full fat soybean deactivated by differ-
ent processes Bernardo Iglesias*1, Martin Ruiz de Galarreta2, Jorge 
Azcona1, Viviana Charriere1 1INTA - EEA Pergamino, Seccion Aves, 
Pergamino, Buenos Aires, Argentina, 2UNNOBA Pergamino - ECANA, 
Pergamino, Buenos Aires, Argentina

Heat treatments as steam, hot dry air (roasted) and dry extrusion are com-
monly used to deactivate full fat soy beans. The improvements achieved in 
soy beans nutritional value could be explained by the reduction of trypsin 
inhibitors (TI) and the improvement in protein digestibility as a consequence 
of changes in the protein structures induced by heat. An experiment was 
conducted to evaluate the effect of the mentioned processes on dry matter, 
TI level, and energy and amino acids utilization using adult cocks. The dry 
matter contents were 88.7%, 93.7% and 92.8% for steam, roasted and ex-
truded soybean; the TI level decreased to 2.4, 3.2 and 10.1TIU/mg (from 
30.2TIU/mg in the raw material); the gross energy utilization was 69.3, 67.8 
and 76.4% and lysine utilization was 91.9, 90.2 and 95.2% respectively. To 
validate these results a trial was performed using isonutritives diets based on 
the determined nutrient profiles. A corn - soybean meal (44% protein and 
4.3TIU/mg) plus soy oil diet was used as control. A total of 420 1-d-old male 
Cobb broilers chicks were allocated to 4 treatments with 7 replicates of 15 
birds each in a randomized complete block design. Data was subjected to 
ANOVA and Duncan’s multiple range test. The treatments were T1: Soybean 
meal + soy oil; T2: Soybean meal + steam full fat soybean; T3: Soybean meal 
+ roasted full fat soybean; and T4: Soybean meal + extruded full fat soybean. 
The determined true metabolizable energies of diets were coincident with the 
calculated values. No differences in feed intake were observed (p > 0.05). 
However, the body weight (BW) until 21 days was lower when roasted or 
steam full fat soybean were used (p < 0.05). No differences in BW were 
observed at the end of the experiment (49 days) (T1: 3384g, T2: 3343g, T3: 
3332g and T4:3395g) (p > 0.05). The feed conversion ratio (FCR) of T2 and 
T3 (steam and roasted) was higher than the control (T1), these differences 
were significant (p < 0.05) from day 28 until the end of the trial (T1: 1.806, 
T2: 1.879, T3: 1.865 and T4: 1.835). No differences in pancreas weight were 
observed (T1: 5.4g, T2: 4.8g, T3: 5.1g and T4: 5.3g) (p > 0.05) indicating 
that the reductions in TI were appropriate. The poorer FCR observed with 
steam or roasted soybeans could be due to a lower chick nutrient utilization 
compared with roosters. In conclusion, the three processes evaluated allow 
controlling TI, and dry extrusion achieves similar results than soybean meal + 
oil diet. More research is necessary to maximize the chick nutrient utilization 
of full fat soybean deactivated by steam or roasted.

Key Words: Soybean meal, Extruded full fat soybean, Roasted full fat 
soybean, Steam full fat soybean, Zootechnical results

P145 Apparent digestibility of crude protein of soy bean meal es-
timated from ileal digesta of intact and total excreta collection of 
cecectomized laying hens Eustace Iyayi*, Oghenemega Eyarefe, Olu-
watobi Onarinde University of Ibadan, Ibadan, Oyo, Nigeria

This study compared the apparent digestibility of crude protein (CP) of 
soy bean meal (SBM) up to the terminal ileum in intact and cecectomized 

laying hens. The objective was to investigate the appropriateness of us-
ing excreta of cecectomized birds for estimating apparent CP digestibility 
in comparison with the use of ileal digesta. Five diets were formulated: 
A control diet which contained no SBM and 4 test diets in which SBM 
replaced 50, 100, 150 and 200 g/kg cassava starch. Titanium dioxide 
was added as an indigestible marker at 5g/kg diet. Twenty 18-week-old 
point-of-lay Bovans Nera hens were housed in individual cages and had 
unrestricted access to a layers mash and water up to week 26 at the end 
of which the birds were weighed and randomly assigned in groups of 
4 to each of the 5 test diets. Each cage was an experimental unit. They 
were fed the test diets for 7 days. Feed intake (FI) and egg production 
were recorded. On d 7, the birds were weighed and euthanized by CO2 
asphyxiation, the body cavity opened and digesta from the last two-third 
of the ileum harvested, frozen and freeze-dried for analysis. Another set 
of 20 16-week-old Bovans Nera point-of-lay hens were housed in indi-
vidual cages and offered a layers mash and water ad libitum. When the 
birds were 23 weeks old, they were cecectomized and fed layers mash for 
further 3 weeks. At the end of week 26, a group of 4 cages were randomly 
assigned to each of the 5 diets similar to the ones offered to the intact 
birds. The birds also had unrestricted access to the diets and water for 7 
days during which excreta samples were collected and pooled on cage 
basis, immediately frozen and freeze-dried for analysis.

FI was significantly (P<0.05) higher in the cecectomized than in the intact 
birds. There was no significant effect of level of SBM on CP digestibility 
in the intact or cecectomized birds. The CP digestibility of SBM was 
similar for intact (95%) and cecectomized birds (96%). Results of the 
present study showed that cecectomized laying hens are a good alterna-
tive to broilers for CP digestibility studies since digestibility can be deter-
mined using the birds’ excreta and the birds can used in repeated studies.

Key Words: CP digestibility, SBM, intact, cecectomized, laying hens

P146 Absorption and skin deposition of pigment in broilers fed 
various levels of yellow xanthophylls from Tagetes erecta María de 
los Angeles Tepox-Pérez1, Benjamín Fuente-Martínez1, Xóchitl Hernán-
dez-Velasco*2, Manuel Quiroz-Pesina3, Ernesto Ávila-González1 1Cen-
tro de Enseñanza, Investigación y Extensión en Producción  Avícola 
(CEIEPAv), Mexico City, México DF. Del. Coyoacán, Mexico, 2Depar-
tamento de Medicina y Zootecnia de Aves, Mexico City, México DF. 
Del. Coyoacán, Mexico FMVZ, UNAM., 3Independent Asesor, Mexico 
City, México DF. Del. Coyoacán, Mexico

In order to analyze the effect of feeding different increasing levels of 
yellow xanthophylls (YX) of Tagetes erecta on skin pigmentation in 
broilers, one hundred and thirty Ross 308, three-week-old broiler chick-
ens were randomly allotted to 6 treatments, consisting of different lev-
els of yellow xanthophylls (65, 92, 119, 146, 173, and 200 ppm). The 
broilers were raised by sex in battery cages within an open-sided house 
from 3 to 7 weeks of age. Treatments contained 3 replications of 4 birds 
each one (2 males and 2 females). Females had 2.8 skin yellowness 
units more than the males at the end of the study (7 weeks of age). Level 
of saturation of yellow skin pigmentation at 6 weeks of age was higher 
(P<0.05) in chickens fed 146, 173, and 200 ppm of XA than those fed 
65, 92, and 119 ppm of XA; however, at the end of the experiment the 
chickens that consumed 119 ppm had a similar yellow skin pigmenta-
tion than the chickens fed 146, 173, and 200 ppm of XA (P>0.05). It 
was observed that the highest yellow skin pigmentation was reach 23 
days after the experiment began (44 days of age).

This work was supported by the Support Program for Research and 
Innovation Projects in Technology (PAPIIT) of DGAPA (project 
IN203910-3), UNAM.

Key Words: yellow skin pigmentation, broilers, yellow xanthophylls, 
Tagetes erecta
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P147 Evaluation of De-oiled DDGS Products in Laying Hens Brett 
Kreifels*SC Graduate Student, Department of Animal Science, Univer-
sity of Nebraska, Lincoln, NE

The objective of this study was to evaluate the inclusion of de-oiled 
dried distillers grains plus solubles (DDGS) in the diets of laying hens. 
One-hundred sixty, 20-wk old Bovan White Leghorn Hens were housed 
4 per pen in 40 pens with 10 replicates per treatment. Hens were ran-
domly assigned to pens in a randomized complete block design consist-
ing of treatments, (control, normal fat DDGS, medium fat DDGS, and 
low fat DDGS). An inclusion rate of 20% DDGS with varying percent-
ages of fat: normal (11.20%), medium (7.30%), and low (5.62%) were 
included in a standard corn/SBM layer diet. A corn/SBM diet without 
added DDGS acted as the control. All hens were given ad libitum ac-
cess to feed and water. Response variables included: egg production, 
egg weight and feed intake, all recorded weekly with hen body weight 
observations recorded on wk 0, 8 and 13 with the study lasting a total 
of thirteen weeks. There was no significant effects of treatment with 
respect to egg production, egg weight, feed intake and hen body weight 
(p>0.05). Varying the percentage of fat in 20% DDGS diets fed to lay-
ing hens does not affect egg production parameters.

Key Words: DDGS, fat, inclusion, normal, percentage

P148 Quality and egg production of red hens fed different levels of 
meat flour and supplemented with basil Ibiara Correia de Lima Almei-
da Paz, Fábio Luiz da Silva, Rodrigo Garófallo Garcia*, Fabiana Ribeiro 
Caldara, Viviane Maria Oliveira dos Santos Ferreira, Leonardo de Oliveira 
Seno, Leonardo Willian de Freitas, João Dimas Graciano Universidade 
Federal da Grande Dourados, Dourados, Mato Grosso do Sul, Brazil

We used 320 hens (Isa Brown) at 33 weeks of age. A completely ran-
domized design with 8 treatments and 4 replicates of 10 birds: T1 - con-
trol diet; T2 - diet with 7.7% of meat flour, T3 - diet with 10.0% of meat 
flour, T4 - diet with 12.3% of meat flour, T5 - control diet + 1% basil T6 
- diet with 7.7% of meat flour+ 1% basil, T7 - diet with 10.0% of meat 
flour + 1% basil T8 - diet with 12.3% of meat flour + 1% basil. The diets 
were offered isonutritives and comfortable. Was calculated and mass 
production of eggs for the experimental period. Evaluations were made 
of skin color and the yolk and sensory evaluation of boiled eggs. There 
were differences (p <0.05) for egg production and egg mass, and the 
birds fed with 12.3% of meat flour, with or without the basil had better 
results. The quality of eggs also was influenced only by the addition of 
meat flour, which makes use of basil optional until the maximum level 
of meat flour tested.

Key Words: egg production, meat flour, basil, egg quality, boiled eggs

P149 The use of canola meal in broiler diets. 2. Formulated to op-
timum density with constant level of poultry oil C. D. Bradley*1SC, 
S.D. Goodgame2, F.J. Mussini2, C. Lu2, P.W Waldroup2 1University of 
Arkansas Poultry Science Department, Fayetteville, AR 2Poultry Sci-
ence Department University of Arkansas, Fayetteville, AR

In a previous study in which diets were maintained isocaloric by in-
creasing the level of poultry oil, it was found that up to 40% solvent 
extracted canola meal (CM) obtained from a biodiesel producer could 
be fed to broilers without loss of performance. However the econom-
ics of feeding high levels of supplemental fats precludes the use of this 
feeding strategy in commercial production. The objective of the present 
study was to evaluate the use of CM when a fixed level of 2% poultry 
oil (PO) was fed, typical of current industry feeding levels. Within each 
age period five diets were formulated ranging from 0 (Control) to 40% 
CM in increments of 10%. These diets were formulated to digestible 
amino acid levels suggested by Rostagno et al. (2005) adjusted to a 
dietary energy level commensurate with 2% PO. Each of the diets was 

fed to six pens of 50 males (Cobb 500) for a 42 d feeding period. Five 
birds from each pen were processed for dressing percentage and parts 
yield. At 42 d, birds fed diets with 30 and 40% CM were significantly 
lighter than those fed the control diet with a significantly worse feed 
conversion. Feed intake was negatively affected by increasing CM lev-
els. However, calorie conversion was not significantly different among 
treatments. Dressing percentage and breast meat yield was reduced lin-
early as the level of CM increased. These data suggest that when diets 
are formulated with a constant level of supplemental fat that the level of 
canola meal should probably not exceed 20% of the diet.

Key Words: Broilers, Canola, Protein source, optimum density

P150 Nutritional composition of low-oil corn distillers dried grains 
with solubles Ahmet Guney*SC, Byoungyun Jung, Amy Batal, Univer-
sity of Georgia Poultry Science Department, Athens, GA

As ethanol production increases, additional corn distillers dried grains 
with solubles (DDGS) are available to the poultry industry. The govern-
ment support for biodiesel production is encouraging ethanol producers 
to extract oil from the DDGS in order to produce biodiesel. The left-
over product is called low-oil DDGS (LO-DDGS), which should have 
relatively less oil content than traditional DDGS. Currently only limited 
research has been conducted to evaluate the nutritional composition of 
LO-DDGS. This study evaluated the nutritional composition of LO-
DDGS. Ethanol plants throughout the U.S. were surveyed and the ones 
that were currently extracting oil were contacted and LO DDGS sam-
ples were collected. Ten different LO-DDGS samples were collected 
from these ethanol producers in U.S. Proximate composition analysis 
results show that LO-DDGS has a lower average crude fat compared 
to traditional DDGS (7.6% vs. 9%), and a range of 1.9. LO-DDGS has 
slightly higher average crude protein than traditional DDGS (27.6% vs. 
27%), and a range of 7.2. Overall, 10 LO-DDGS samples did not show 
too much variation in fat content due to prior oil extraction to produce 
LO-DDGS. Protein content of 10 LO-DDGS samples showed relatively 
less variation compared to traditional DDGS (range; 7.2 vs. 10.4). LO-
DDGS samples have lower average crude fiber content (7% vs. 8.5%), 
lower average P content (0.75% vs. 0.89%), slightly lower Na content 
(0.18% vs. 0.2%) and lower average GE (4,496 kcal vs. 5,530 kcal) 
compared to traditional DDGS. TME values and amino acid digest-
ibility have been determined using conventional and cecectomized 
precision-fed rooster assays. Average particle size is 705 microns, and 
has a range of 581 microns. The average total amino acid levels in the 
LO DDGS were higher than that stated for traditional DDGS (Lysine; 
0.95% vs. 0.80%) (Threonine; 1.10% vs. 0.92%). Most ethanol facili-
ties will eventually consider extracting oil from DDGS. However, cur-
rently it’s not known for sure whether the oil is being extracted or not 
due to technical issues such as not having the required technology or 
enough capacity. This is usually the cause for high variation that can be 
seen in DDGS samples.

Key Words: low-oil corn distillers dried grains with solubles, proxi-
mate composition, particle size, oil extraction, ethanol

P151 Evaluating the effect of feeding up to 30% distillers dried 
grains with solubles (DDGS) and Allzyme SSF® on egg production 
and egg quality of white layers through 60 weeks production An-
thony D. Quant*, Anthony J. Pescatore, James L. Pierce, Tuoying Ao, 
Austin H. Cantor, Micheal J. Ford, W. D. King Alltech/University of 
Kentucky Nutrition Research Alliance, Lexington, KY

The inclusion of distillers dried grains with solubles (DDGS) in poultry 
diets has become more prevalent as a cost-cutting strategy in response 
to the high demand of corn for fuel ethanol production. Previous work 
in our laboratory have indicated that inclusion of up to 30% DDGS 
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in diets fed to laying hens resulted in limited detrimental effects on 
egg quality through the first half of a production cycle (30 weeks). An 
experiment was conducted to evaluate the effect of feeding layer diets 
including up to 30% DDGS with or without an enzyme supplement 
(Allzyme SSF®, Alltech, Nicholasville, KY) throughout an entire pro-
duction cycle (60 weeks). This experiment utilized 288 Hy-Line W-36 
hens that were randomly allotted to 5 dietary treatments (12 hens per 
replicate). Dietary treatments included a 1) positive control (corn-
soybean meal), 2) 15% DDGS, 3) 15% DDGS + 150 g/ton Allzyme 
SSF®, 4) 30% DDGS, and 5) 30% DDGS + 150 g/ton Allzyme SSF®. 
In comparison to the positive control diet, diets containing DDGS were 
calculated to contain reduced levels of ME (2877 vs. 2794 Kcal/kg), Ca 
(4.22 vs. 4.10%), and available P (0.29% vs. 0.17% for the 15% DDGS 
diet, and 0.23% for the 30% DDGS diet). Six eggs from each replicate 
were randomly selected every 4 weeks for determination of egg qual-
ity. Overall during the 60 week production cycle, diets containing 30% 
DDGS and Allzyme SSF® resulted in greater Haugh unit values than the 
other treatments (P=0.01). Yolk color was affected by DDGS inclusion, 
regardless of enzyme inclusion, as L* (lightness) values decreased, and 
a* (redness) and b* (yellowness) values increased as dietary DDGS 
inclusion increased (P<0.01 for all). Other egg quality parameters were 
unaffected by dietary treatment (shell breaking strength; whole egg, 
shell, yolk, and albumin weights). There was no effect of dietary treat-
ment on hen body weight, feed conversion, and hen day production 
through 60 weeks of production. This study suggests that DDGS can be 
included up to 30% in layer diets without any detrimental effects on hen 
performance or egg quality.

Key Words: DDGS, egg quality, enzyme, layers

P152 The use of canola meal in high energy broiler diets C.D. 
Bradley*SC, S.D. Goodgame, F.J. Mussini, N. Comert, C. Lu, P.W. Wal-
droup University of Arkansas, Fayetteville, AR

Due to increased interest in production of canola as a winter crop in 
the southern U.S. to provide oil for biodiesel production more canola 
meal (CM) may be available for use in poultry feeds. The CM has typi-
cally been fed at low levels and few studies have utilized CM in diets 
based on digestible amino acids. Due to the high fiber content diets 
with CM usually are lower in energy or need supplemental fat. In this 
study diets were formulated to meet digestible amino acids suggested 
by Rostagno et al. (2005) with no protein minimum. One diet (control) 
within each age period contained no CM while the other completely 
replaced soybean meal (49.7, 45.8, and 41.9% CM in start, grow, and 
finish respectively). Diets were blended to provide 0, 10, 20, 30, 40% 
total CM or full replacement for a total of six diets, each of which was 
fed to four pens of 25 male chicks for a 42 d feeding period. Diets were 
maintained isocaloric with the 0 diet containing 1% poultry oil (PO) 
increasing as the level of CM increased requireing 7.0, 6.6, and 6.2% 
PO in start, grow, and finish diets respectively. As a result pellet quality 
decreased with increasing CM level. At both 35 and 42 d birds fed diets 
with up to 40% CM did not differ significantly in BW from those fed 
the 0% CM diets. However birds fed diets with complete replacement 
of soybean meal by CM had significantly lower BW than those fed the 
0% CM diets. The feed conversion worsened with each increment of 
CM, due in part to the poor pellet quality of these diets. Breast yield 
tended to follow a linear reduction as CM increased. These data suggest 
that canola meal can be used as a partial replacement for soybean meal 
in broiler diets when formulated on a digestible amino acid basis; more 
work is needed to define proper usage levels in diets without excessive 
levels of supplemental fats.

Key Words: broilers, canola meal, digestible amino acids

P153 Validation of dicalcium phosphate anhydrous (DCPA) as 
source of P and Ca for broilers. Jose Charal*SC, Thomas Bidner, Lee 
Southern School of Animal Sciences, Louisiana State University Agri-
cultural Center, Baton Rouge, LA

This study was conducted to validate the relative bioavailability (RBV) 
of P and Ca in DCPA compared with monocalcium phosphate (MCP). 
Ross 708 female and male broilers were allotted to 2 treatments with 8 
replicates with 25 broilers per pen. The broilers were housed in an en-
vironmentally controlled building and fed in 3-phase feeding program 
from 0 to 10 d for phase 1, 11 to 24 d for phase 2, and 25 to 42 d for 
phase 3. Analyzed P and Ca were obtained for DCPA (22.7 and 29.1%) 
and MCP (20.7 and 17.6%). Diets were formulated on a non-phytate 
P (nPP) basis and using 100% RBV of P and Ca in DCPA found in 
previous research. The diets were formulated to contain 0.50% nPP and 
1.05% Ca, 0.45% nPP and 0.90% Ca, and 0.42% nPP, and 0. 85% Ca 
for phase 1, 2, and 3, respectively. Phase 1 ADG, ADFI, G:F, tibia ash, 
and bone breaking strength (BBS) were not affected by P source (P > 
0.10). Female broilers fed DCPA had lower BBS than males (P < 0.10). 
In phase 2, broilers fed DCPA had greater ADG, G:F, and tibia ash con-
tent (P < 0.10) compared with broilers fed MCP. Females had lower 
ADG, and ADFI (P < 0.10) compared to male broilers. For phase 1 and 
2 combined, broilers fed DCPA had greater ADG and G:F than broilers 
fed MCP (P < 0.10). In phase 3, P source had no effect on growth, BBS, 
and tibia ash (P > 0.10); but female broilers had lower ADG, ADFI, G:F, 
and BBS (P < 0.10). Female broilers fed MCP and males fed DCPA had 
greater ash content than males fed MCP and females fed DCPA (P < 
0.10). In overall results, P source had no effect on growth, BBS, or tibia 
ash (P > 0.10), but female broilers had lower ADG than male broilers (P 
< 0.10) independent of P source. These results indicate that broilers fed 
DCPA had similar growth, feed intake, feed efficiency, BBS, and tibia 
ash as broilers fed MCP under commercial conditions and can be used 
to replace MCP in a 1:1 basis for P and Ca content.

Key Words: relative bioavailability, dicalcium phosphate anhydrous, 
bone breaking strength, ash

P154 Use of Yeast in Broiler Diets Lucio Araujo*1, Lara Valadares1, Ri-
cardo Barbalho2, Cristiane Araujo1 1University of Sao Paulo - Nutrition 
and Animal Science Department, Pirassununga, SP, Brazil,  2ICC Brazil, 
Pirassununga, SP, Brazil

The aim of this experiment was to determine different nutritional plans 
through the use of different types of yeast in the diet of broilers in the pe-
riod from 1 to 42 days. There were used autolyzed, hydrolyzed and whole 
yeast and its influence on performance parameters (weight gain, feed 
intake and feed conversion) and carcass characteristics (carcass yield, 
breast yield and legs yield). 1,080 chicks, males, one day old, Cobb, were 
allocated in a completely randomized design in a factorial arrangement 3 
x 3: 3 forms of yeast supplementation for the period 1 to 14 days (with-
out yeast, yeast autolyzed yeast and hydrolyzed) and three forms of the 
supplementation period of 15 to 42 days (without supplementation, au-
tolyzed yeast and whole yeast) plus a positive control treatment, with the 
addition of an antibiotic growth promoter (APC), whith 10 treatments, 9 
replicates of 12 birds each. The diets used were formulated based on corn 
and soybean meal, and zinc bacitracin was used as APC in the inclusion 
of 0.5 kg / ton in all diets. In the period from 1 to 14 days, It was used 
the inclusion level of 10kg/ton autolyzed yeast and hydrolyzed. In the 15 
to 42 days period it was used the inclusion of 5 kg/ton of autolyzed and 
whole yeast. Statistical analysis of data were performed using analysis 
of variance with the aid of the GLM procedure of SAS (2002) and in 
case of statistical significance, means were compared by Tukey test at 
5% probability. In the period from 1 to 14 days hydrolyzed yeast showed 
better viability of using the diet. For the use of a continuous program, the 
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combined use of hydrolyzed yeast in the period from 1 to 14 days and 
autolyzed yeast within 15 to 42 days, presents itself as best response by 
the birds.

Key Words: Carcass characteristics, Growth promoter, Performance, 
Prebiotic

P155 Effect of a wheat-based diet supplemented with a formula-
tion of benzoic acid and essential oils compounds on broiler perfor-
mance C. Paulus*1, A. Meuter1, F. Khattak2 1DSM Nutritional Prod-
ucts, Basel, Switzerland,  2Scottish Agricultural College, Auchincruive, 
Edinburgh, United Kingdom (Great Britain)

This trial was conducted at the Avian Research Centre of the Scottish 
Agricultural College (UK) to investigate the ability of CRINA® Poultry 
Plus (CPP), a formulation of benzoic acid and essential oils compounds 
(including thymol, eugenol, piperine), to improve broiler performance. 
688 Ross 308 broilers from one breeder flock were distributed into two 
treatment groups with 8 pens per treatment (4 containing male and 4 
containing female) in a randomized block design. The period of the trial 
was 40 days in order to achieve body weights representative of com-
mercial field results and the stocking density was 33 kg/m2 to mimic 
challenging commercial conditions. Treatment one [T1] contained no 
growth promoter additives (negative control) and treatment two [T2] 
contained 300 mg/kg CPP. A 4-phase feeding schedule was applied and 
the same wheat based diet was used for both treatments and formulated: 
at 12.8 MJ/kg and 23 % crude protein for the starter period (1-11 days), 
13.1 MJ/kg and 20.0 % crude protein for the grower phase (11-25 d), 
13.5 MJ/Kg and 18 % crude protein for the finisher phase (25-35 d) and 
the withdrawal phase (35-40 d). Both feed and water were available 
ad libitum throughout the study. In all experimental periods, the body 
weight (BW) of broilers fed T2 was significantly higher than T1 with a 
final difference of 131 g in favor of the CPP group of which the average 
weight was 2,614 g at 40 d. An improvement in the feed conversion ra-
tio (FCR) was also observed in all growth phases. FCR in T2 at 40 days 
was 1.56, which was significantly higher (+7 points) than the control 
(T1). In conclusion, CPP is a tool to consider for improving the profit-
ability of modern broiler operations.

Key Words: essential oils, organic acid, broiler, performance

P156 Mycotoxin binders as feed additives in the European 
Union Jaume Galobart*, Claudia Roncancio-Peña European Food 
Safety Authority. Feed Unit, Parma, Italy

Since 2010, a new group of feed additives has been created in the Euro-
pean Union (EU): substances for the reduction of the contamination of 
feed by mycotoxins. These products are classified as technological ad-
ditives and can only be added to feed that complies with the maximum 
levels of mycotoxins set in EU legislation. The European Food Safety 
Authority has developed guidance for the assessment of the safety and 
efficacy of these products. The additive needs to be fully identified and 
characterized in terms of composition, purity and stability. The target 
mycotoxin(s) against which the additive is effective should be stated, 
and evidence should be provided that use of the additive will not in-
terfere with the analytical determination of mycotoxins in feed. The 
safety of the additive for the target species, consumers of food products 
derived from animals fed the additive, for people handling it and for the 
environment follow the general rules for technological feed additives. 
The main difference with respect to other technological additives is in 
the assessment of efficacy. Since these additives are only effective once 
ingested by the animal (no direct effect in feed), in vivo studies should 
be provided showing that the use of the additive reduces absorption, in-
creases excretion or reduces the concentration of mycotoxins in plasma, 
tissues or food products. In general, mycotoxin/metabolites excretion in 

feces/urine, concentration in blood/plasma/serum, tissues or products 
(milk or eggs) or other relevant biomarkers should be taken as end-
points. The end-points should be selected according to the mycotoxin 
and target species, and taking into account their relevance (close cor-
relation to exposure). The studies should be performed with the target 
species for which the additive is intended. A minimum of three studies 
showing significant effects on the relevant end-points should be provid-
ed to demonstrate efficacy for all animals (except fish). Specific studies 
are required for fish.

Key Words: mycotoxin binders, feed additives, safety, efficacy, Euro-
pean Union

P157 The effects of different levels of Aloe vera gel powder on an-
tibody titer against Newcastle disease virus and performance in 
Broilers Fatemeh Alemi*1, Ali Mahdavi2, Khosrou Ghazvinian2, Me-
hdi Ghaderi3, Babak Darabighane3 1Tehran, Iran, 2Semnan University, 
Semnan, Iran, 3Islamic Azad University, Tehran, Iran

Prohibition of antibiotic growth promoter use in Europe in 2006 re-
sulted in recent attempts for using additives with herbal origins. A well-
known herb for this purpose is Aloe vera. The present study attempts 
to examine the effects of different levels of Aloe vera gel powder 
(AVGP) on antibody titer against Newcastle disease virus (NDV) and 
performance in 240 1d-old male chickens from Ross-308 distributed 
on a completely randomized design to 4 groups each with 4 replicates. 
The experimental groups included a control group (basal diet), and 3 
groups with their basal diets mixed with 0.5, 0.75, and 1% Aloe vera 
gel powder (AVGP). The experiment period was 49 d. On d 20, two 
broilers were randomly selected from each replicate and their blood 
samples were taken from their right wing veins. Antibody titer against 
NDV was determined using hemagglutination inhibition. The results 
showed that increased AVGP can improve antibody titer against NDV. 
Groups receiving AVGP showed significant difference from each other; 
however no significant difference was observed between control and 
0.5% AVGP groups. Results also indicated significant increase in feed 
intake of AVGP groups during starter (0-21 d), grower (22-35 d) and 
finisher (36-49 d) periods with the highest feed intake observed in 1% 
AVGP group. In addition, no significant difference was found between 
the groups treated with AVGP regarding feed intake. The largest body 
weight gains during starter and grower periods were those of 0.75% 
and 1% AVGP groups showing significant difference from control and 
0.5% AVGP groups. In finisher period, the largest body weight gain 
was observed in 1% AVGP group (P<0.05). The lowest feed conversion 
ratio during starter and grower periods was found in 1% AVGP group 
(P<0.05) while during finisher period no significant difference was ob-
served between 0.75% and 1% AVGP, although a significant decrease 
was found compared to control and 0.5% AVGP groups. The findings 
suggest that among the three groups treated with AVGP, 0.75% and 1% 
AVGP groups had improved performance and increased antibody titer 
against NDV.

Key Words: Aloe vera, Newcastle, Performance, Broilers

P158 Effect of a formulation of benzoic acid and essential oil com-
pounds on performance and intestinal micro-flora population of 
broilers Gerard Huyghebaert1, Gilbert M. Weber*2 1ILVO-Animal 
Science Unit, Melle, Belgium, 2DSM Nutritional Products Ltd., Kaise-
raugst, AG, Switzerland

The aim of this experiment was to evaluate the effects of a formula-
tion of essential oil compounds (thymol, eugenol, piperine) and ben-
zoic acid (CRINA® Poultry Plus, CPP) on performance and intestinal 
micro-flora of broilers. One day old broiler chicks were randomly allo-
cated to 3 different treatments, replicated with 6 pens of 32 males and 6 
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pens of 36 females, each. The same wheat based diet in pellet form was 
used for all treatments and formulated at 12.3 MJ/kg and 20.7% crude 
protein for the starter period (1-21 days) and 12.7 MJ/kg and 20.0% 
crude protein for the grower period (22-42 days). CPP was added to 
the feed at 0 mg/kg from 1 to 42 days for T1; 300 mg/kg from 1 to 42 
days for T2; 450 mg/kg up to 22 days, 150 mg/kg up to 42 days for T3. 
Over the entire growth period, body weight was slightly higher with T2 
and T3 compared to T1. The results at 42 days of age are presented in 
Table 1. Feed conversion was improved for T2 and T3 and significantly 
decreased (p <0.05) with the step down program T3 (-0.02 compared to 
T1). There was a reduction of the counts of potentially pathogenic bac-
teria (Clostridia, Coliforms, Streptococci) without any negative effect 
on Lactobacilli, in the ceca of broilers fed with T2 and T3. In conclu-
sion, CPP improved feed conversion and tended to positively modulate 
the intestinal micro-flora population of highly productive broilers.

Key Words: Broilers, Essential oils, Benzoic Acid, Performance, In-
testinal micro-flora

P159 Effect of a formulation of benzoic acid with essential oil com-
pounds on performance of broiler chicks Damian Józefiak1, Anna 
Ptak2, Gilbert M. Weber*3 1University of Life Sciences, Poznan, Po-
land, 2Olszowa WP-Piast, Ostrów Wielkopolski, Ostrów, Poland, 3DSM 
Nutritional Products Ltd., Kaiseraugst, AG, Switzerland

This study aimed at determining the effects of a mixture of essential oil 
compounds (thymol, eugenol, piperine) with benzoic acid (CRINA® 
Poultry Plus; CPP) on the performance of broiler chickens. Three-
hundred 1-day-old male chicks (Cobb 500) were allotted randomly to 
3 dietary treatments, each replicated with 10 groups of 10 birds per 
pen. The pens were distributed along 2 drinking lines in a commercial 
broiler house, containing 8500 loose-housed birds of the same age. By 
that housing, the experimental chicks were exposed to the pressure of 
the loose-housed broilers with respect to health, hygiene, husbandry 
and stocking density. The experimental broilers were subjected to one 
of 3 treatments: T1 = basal diet not supplemented with CPP (control), 
T2 = basal diet with the addition of 150 mg/kg CPP or T3 = basal diet 
with the addition of 300 mg/kg CPP. A 4-phase feeding schedule was 
applied: Starter (days 0-10), grower (days 11-20), finisher (days 21-34) 
and withdrawal (days 35-42). All feeds were pelleted; both feed and 
water were available ad libitum throughout the 42 days of the study. 
Weight of chicks and feed consumption were determined on days 10, 
28, 35 and 42. In all experimental periods the body weights (BW) of 
broilers supplemented with CPP (T2 and T3) were numerically superior 
to the control (T1), but the difference was only statistically significant 
in the starter period between T1 and T3. Feed intake was generally 
similar between the various treatments, but during the finishing period 
(days 35-42), T3 was significantly lower than T1 (P≤0.05). Over the 
entire trial, the feed conversion ratio (FCR) of T3 (1.62) was signifi-
cantly lower than the FCR of T1 (1.69) (P≤0.05). The FCR of T2 (1.65) 
was intermediate. In conclusion, the supplementation of feeds with CPP 
tended to improve performance (BW, FCR) of broilers in a dose re-
sponse fashion.

Key Words: Broilers, Essential oils, Benzoic acid, Performance, FCR

P160 Evaluation of the nutrient matrix values of a novel bacterial 
6-phytase in broiler chickens Umar Faruk Murtala*1, Aureli Raffa-
ella1, Fru Fidelis2, Broz Jiri2 1DSM Nutritional Products, St. Louis, 
France, 2DSM Nutritional Products, Ltd, Kaiseraugst, Switzerland

Having correct nutrient matrix values (NMV) allow poultry feed for-
mulator to adjust dietary nutrient density (Ca, P, AA and ME) in phytase 
containing diets, thus reducing the cost of feed. A 21-d experiment was 
performed to evaluate the NMV of the novel bacterial 6-phytase in a 

heat-stable form (RONOZYME HiPhos GT) in broiler chickens. Four 
diets based on maize and soybean meal were formulated: diet I was 
adequate in all nutrients and contained 5.9 g total P, 4.8 g available 
P (avP) and 7.2 g Ca per kg, diets II to IV were formulated by using 
the phytase NMV established in previous efficacy trials and calculated 
for an inclusion at 500, 1000 and 2000 U/kg, respectively. Diets II to 
IV targeted 3.8, 3.3 and 2.9 g avP, respectively, and were fed with or 
without added phytase. Each treatment was replicated with 12 groups 
of birds, each containing 8 birds. Body weight and feed intake were 
measured on days 8, 15, and 22 and feed conversion ratio (FCR) was 
calculated. Excreta were collected from day 14 to day 17 through total 
collection method and P and Ca utilization were determined. Birds were 
euthanized on day 23 of age and the right tibiae were collected for tibia 
ash analysis.Reducing the Ca, aP, other nutrients and energy concentra-
tions according to the NMV of the phytase in diets II to IV significantly 
decreased growth, P and Ca utilization and bone mineralization com-
pared to diet I. Using the NMV for phytase at the tested doses resulted 
in similar growth performance and bone mineralization compared with 
broilers fed diet I. P utilization in phytase-supplemented treatments was 
significantly higher than in diet I when the NMV of phytase were used, 
irrespective of the inclusion level. The results confirmed that the pro-
posed NMV can be used in formulating diets that incorporate the novel 
bacterial 6-phytase.

Key Words: 6-phytase, phosphorus, nutrient matrix, bone mineraliza-
tion

P161 Evaluation of a combination of essential oil compounds and 
organic acids on broiler and laying hen performance Umar Faruk 
Murtala*, Aureli Raffaella, Guggenbuhl Patrick, Kluenter Anna-Ma-
ria DSM Nutritional Products, St. Louis, Alsace, France

This paper contained two trials conducted with the objective of evalu-
ating the effects of a blend of essential oil compounds (thymol, eu-
genol, piperine) and benzoic acid (CRINA® Poultry Plus, CPP) on 
broiler chicken and laying hen performance. In the broiler trial (d8-29 
of age), 216 day-old Ross PM3 chicks were used in a 2x2 factorial ar-
rangement with two iso-protein and iso-energetic diets (Corn-SBM or 
Corn-wheat-SBM) and two supplementation levels of CPP (0 and 300 
mg/kg feed). Each treatment was replicated in nine pens of six birds 
each. Performance, apparent ileal protein digestibility (AID) and intes-
tinal morphology were measured. The inclusion of CPP in both diets 
was tending to improve body weight gain compared to the respective 
control. BWG was improved by 1.8 and 3.1 % in corn-SBM and corn-
wheat-SBM diet respectively. CPP supplementation influenced the 
intestinal mucosa morphology with longer villi observed in birds fed 
CPP and this was related to an increased AID of protein. CPP treated 
birds had 1.3 % and 1.1 % improved AID of protein in corn-SBM and 
corn-wheat-SBM diet respectively. The trial demonstrated the potential 
benefit of CPP to improve broiler performance. In the layer hen trial, 
360 thirty week-old Hy-Line Brown hens were fed a standard laying 
diet supplemented with 150, 300 or 600 ppm CPP. They were compared 
with a non supplemented control group. The trial lasted 12 weeks. CPP 
supplementation significantly improved egg weight, egg shell breaking 
force and eggshell thickness (P <0.05). These results showed that sup-
plementing layer hen diet with CPP at the tested levels improved laying 
hen performance and egg shell quality. CPP supplementation from 150 
to 600 ppm tended to increase the % of lay in a dose dependant way 
from 90.4% to 93.3% respectively compared to the control. In conclu-
sion, CPP is an alternative solution to reduce egg breakage problems 
and to optimize profitability in egg production.

Key Words: essential oils, protein digestibility, intestinal morphology, 
broiler and laying hen performance, egg shell quality
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P162 Evaluation of the toxicity of aflatoxins in broilers and the 
efficiency of two antimycotoxin agents to decrease their toxic ef-
fects Marcelo Hidalgo1, Hector Hidalgo1, Juan Carlos Medina B.*2, 
Jose Antonio Fierro Huesca2 1Universidad de Chile, Santiago, Capital 
Federal, Chile, 2NUTEK S.A. de C.V., Tehuacan, Puebla, Mexico

The objective of this work was to evaluate the efficacy of two antimyco-
toxin agents, with an aluminosilicate base, to decrease the effects produced 
in broilers, after consumption of feed contaminated with 680 µg/ kg (ppb) 
of aflatoxin B1 (AFB1). 270 day old broilers (commercial breed), were di-
vided randomly in six groups of 15 birds each with 3 repetitions, and were 
fed ad limitum for 28 days. Diets were identified as: 1) Control diet, with no 
adsorbent and no AFB1 (AFs), 2) innocuity diet, containing Mexican ad-
sorbent at 5kg/t, 3) diet with AFB1, 680 ppb (contaminated), 4) challenge 
diet, containing Mexican adsorbent at 5kg/t and AFB1, 680 ppb. 5) innocu-
ity diet (South American adsorbent: 5kg/t) and 6) challenge diet with 5kg/t 
of South American adsorbent and 680 ppb of AFB1. The aflatoxins were 
prepared at the laboratory of NUTEK, with strain NRRL 2999 of Aspergil-
lus flavus (Fierro et al., 1999, 1999b); feeds used were commercial and the 
absence of contamination with other mycotoxins was demonstrated: zeara-
lenone, fumonisins, ochratoxin A, vomitoxin, aflatoxins and toxin T-2. 
Birds were weight at one day of age and individual weights were registered 
each week until the end of the experiment. Feed conversion was calculated 
weekly. An ocular inspection of the environmental conditions and health 
of the animals was performed everyday. Animals were bled and sacrificed 
at day 28 of the experiment; the liver and the spleen were removed and 
were weight individually. Samples were obtained for histopathology as-
says. Biochemical parameters and hepatic enzymes were measured on the 
obtained serum. We expected to confirm the effects of AFB1 with statisti-
cally significant differences on weight gain, feed conversion, liver relative 
weight, spleen and liver fat; also we expected numeric differences in the 
concentration of the enzymes gamma-glutamyl transferase (GGT), aspar-
tate aminotransferase (AST) and alanine aminotransferase (ALT), between 
the control group and the intoxication group (contaminated with aflatox-
ins), but there were only numeric differences reported in all evaluated pa-
rameters. Thus it is concluded that AFB1 at the level studied here and in 
the laboratory conditions in which the experiment was performed did not 
affect the parameters considered. The adsorbents could not be evaluated 
for the same reason.

Key Words: Aflatoxins, Mycotoxins, Aluminosilicates, Binder

P163 Effect of organic preservatives on the stability of feed addi-
tives Laure Clasadonte*, Martin Gadient DSM Nutritional Products, 
Basel, Switzerland

Two strategies are used in the feed industry to safeguard the hygienic 
quality of feed: heat treatments and/or the addition of organic preserva-
tives. The latter may also affect animal performance by acidification 
of the feed, but decrease the stability of sensitive feed additives. This 
hypothesis was tested in feed treated with a blend of organic acids (50% 
propionic, 50% formic acid) or a disinfectant (formalin) dosed between 
2 and 3 kg/T.

In the first trial, a poultry mash feed was supplemented with commercial 
forms (ROVIMIX®) of vitamins A, E, B2, Stay-C and Hy.D and a commer-
cial form (CAROPHYLL®) of canthaxanthin and treated with the acids. 
After 2 weeks storage at room temperature, retained additive contents were 
superior to 95%, hence these vitamins and the carotenoid were unaffected 
by the treatment. Results were similar in feed treated with the disinfec-
tant. Additionally, stabilities of a phytase enzyme (RONOZYME® HiPhos 
(GT)) and a protease (RONOZYME® ProAct (CT)) were also measured. 
Both enzymes product forms were practically unaffected by the acid treat-
ment, since activity retentions reached over 90%. Activity retentions ob-
tained in feed treated with the disinfectant were over 84%.

In a second trial the influence of acids and a disinfectant on the stability 
of two encapsulated and non-encapsulated additives in pelleted poultry 
feed was compared. With red pigmenting carotenoids, 100% of product 
concentration was retained after 2 weeks of storage with the encapsulated 
canthaxanthin (CAROPHYLL®), while a non-encapsulated capsanthin 
retained only 50%. Both preservative treatments did not additionally re-
duce pigment contents. With phytase sources, a non-encapsulated source 
retained 73% of target activity in the acid treated feed, and 20% with the 
disinfectant. The encapsulated phytase (RONOZYME® HiPhos (GT)) re-
tained 92% with the acid treated feed and 86% with the other feed.

In summary, based on their technological and chemical stability, the 
behavior of feed additives varies considerably to the different hygienic 
treatments applied to feeds. Suitable product forms should be selected 
to retain desired effects.

Key Words: preservative, feed additive, stability, phytase, vitamin

P164 Evaluation of mycotoxin-deactivator product on the egg produc-
tion, Vitamin A concentration and total holesterol in laying hens Aman-
da Jordan*1, Radka Borutova2, Ursula Hofstetter2, Chang-Won Kang3 1Bio-
min USA, San Antonio, TX 2Biomin GmbH, Herzogenburg, Austria,  3Animal 
Resources Research Center, College of Animal Bioscience and Technology, 
Konkuk University, Gwangjin-gu, Seoul, South Korea, Republic of Korea

Mycotoxins effect a wide variety of species in many different and det-
rimental ways. When mycotoxins are present research has previously 
shown that a mycotoxin-deactivator will decrease these negative effects 
which ultimately have an impact on performance. This feeding trial was 
conducted to evaluate the effect of deoxynivalenol (DON) and zeara-
lenone (ZON) contaminated diets on egg production, egg weight and 
egg mass and determine the effects of mycotoxin-deactivator (Mycofix 
Select) supplementation. Concentration of vitamin A in the liver and 
total cholesterol in the serum of layers were also measured. A total of 
288 Hy-Line Brown layers were divided into 24 groups and fed 6 dif-
ferent diets for 11 weeks. T1 group= control, T2= commercial diet + 
MSL 0.25%; T3= DON 5.0 ppm; T4= DON 5.0 ppm + MSL 0.25%; 
T5= DON 5.0 ppm + ZON 1.0 ppm; T6= DON 5.0 ppm + ZON 1.0 
ppm + MSL 0.25%). A significant decrease of egg production and egg 
mass of birds fed mycotoxins for 8 weeks was verified when compared 
to the control diet and contaminated diets with mycotoxin-deactivator. 
Concentration of vitamin A in the serum was decreased in mycotoxins 
contaminated groups. The total serum cholesterol of the layers had a 
decreased tendency in mycotoxin-deactivator supplemented groups in 
comparison to non-supplemented groups. Results suggest that the nega-
tive effects of mycotoxins in poultry can be attenuated when a myco-
toxin counteracting product is incorporated.

Key Words: laying hens, deoxynivalenol, zearalenone, mycotoxin-
deactivator

P165 Crina Poultry Plus® as an alternative feed additive to anti-
biotic growth promoters in broiler diets Lenise Boemo*1, Alexandre 
Rosa*1, Patricia Aristimunha*1, Anelcir Scher1, Dino Garcez2, Daniele 
Rosa1, Camila Santos1, Vitor Manfio1 1Poultry Science Lab – Universi-
dade Federal de Santa Maria, Santa Maria, Rio Grande do Sul, Brazil, 
2DSM Nutritional Products, São Paulo, Brazil

The objective of this study was to evaluate the addition of Crina Poul-
try Plus ®, a blend of plant extracts and benzoic acid, in diets based 
on corn and soybean meal for broilers and its action as an alternative 
to antibiotic growth promoters (AGP). For that reason, a 6-week floor 
pen study was conducted at Poultry Laboratory at Universidade Fed-
eral de Santa Maria – Brazil. It were used 1550 one-day old Cobb 500 
male broiler chicks. Birds were randomly assigned in five treatments 
with ten replicate pens of 31 birds each. The diets were: without growth 
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promoters (WGP); with 0.1kg/ton of AGP(Avilamycin); with 0.3kg/ton 
of CPP from 1-42 days (CPP), a diet with 0,1kg/ton AGP from 1 – 21 
days and 0.3kg/ton of CPP from 22-42d (AGP/CPP) and a diet with 
0.1kg/ton AGP and 0.3kg/ton of CPP from 1-42d (AGP & CPP). All 
the diets were mashed and had the same nutrient levels. The data were 
submitted to ANOVA and Tukey’s test. Significant differences were ob-
served in body weight gain (BWG), daily weight gain (DWG), feed 
conversion rate (FCR) and productive efficiency index (PEI). The CPP 
diet increased (P=0.0001) BWG (2518.7g) in 1-42d period compared 
to birds fed on WGP diet (2383.9g) and AGP diet (2439.6g). The FCR 
(P=0.0001) and PEI (P=0.0030) are better in birds fed on CPP (1.83 
and 321.6), AGP/CPP (1.86 and 307.1), AGP & CPP (1.88 and 306.8) 
than birds fed on WGP (1.94 and 286.4) in 1-42d period. However It 
was not observed significant differences on these parameters compared 
to AGP (1.86 and 306.5). Birds fed on CPP, AGP/CPP and AGP & CPP 
presented higher DWG (59.9, 58.6 and 58.5g, respectively) than birds 
fed on WGP (56.7g) and AGP (58.1g) diets. The results suggest that 
Crina Poultry Plus® can be used as an alternative product to antibiotic 
growth promoters.

Key Words: antibiotic growth promoters, broiler, organic acid, animal 
performance, plant extracts

P166 Effects of mycotoxin-deactivation product supplementation 
into mycotoxins contaminated diets in broiler breeders Amanda 
Jordan*1, Radka Borutova2, Ursula Hofstetter2, Chang-Won Kang3 1Bio-
min USA, San Antonio, TX, 2Biomin GmbH, Herzogenburg, Austria, 
3Animal Resources Research Center, College of Animal Bioscience and 
Technology, Konkuk University, Seoul, South Korea, Republic of Korea

Mycotoxins are toxic substances produced by molds that often grow 
on the primary sources of nutrition for poultry. The diverse range my-
cotoxins present in poultry feed have a detrimental effect on different 
parts of the bird, leaving a necessity for a mycotoxin-deactivator to 
counter-act these effects. Effects of dietary contamination with various 
levels of ochratoxin A (OTA) and zearalenone (ZON) and the potential 
preventive effect of mycotoxin-deactivation product (Mycofix® Plus) 
were investigated on 100 Ross broiler breeders. The birds were divided 
into 20 groups and fed 5 different diets for 8 weeks. Group 1: control 
(mycotoxin free); group 2: OTA (2 mg.kg-1) and ZON (5,0 mg.kg-1) 
without mycotoxin deactivator; group 3: OTA (2 mg.kg-1) and ZON (5,0 
mg.kg-1) with addition of a mycotoxin deactivator 0,25 % of diet; group 
4: ZON 10 mg.kg-1without mycotoxin deactivator; group 5: ZON 10 
mg.kg-1with mycotoxin deactivator 0,25 % of the diet. Egg productiv-
ity was recorded daily, blood and tissues samples were collected after 
8 weeks. The egg production, egg weight and egg mass in mycotoxin 
groups were significantly reduced if compared with the control group 
and alleviated by addition of the mycotoxin deactivator. The eggshell 
thickness of groups fed diets containing mycotoxins was significantly 
decreased compared to that of the control group, which was also allevi-
ated by the mycotoxin deactivator. Combination of OTA and ZON was 
responsible for significant increase of liver weight while the presence 
of a mycotoxin deactivator in such contaminated diet could partially 
counteract this effect.

Key Words: broiler breeders, ochratoxin A, zearalenone, mycotoxin-
deactivator

P167 Efficacy of curcumin, supplied by turmeric (Curcuma longa) 
powder, in ameliorating the toxic effects of aflatoxin in young tur-
keys. B. R. Landers*SC, L. M. Brand, R.A. Murarolli, D. R. Ledoux, 
G.E. Rottinghaus, A.J. Bermudez University of MO, Columbia, MO

An experiment was conducted to evaluate the efficacy of curcumin, sup-
plied by turmeric (Curcuma longa) powder, in ameliorating the adverse 

effects of aflatoxin in female turkey poults. Two hundred day-old poults 
were purchased from a commercial hatchery and assigned to one of eight 
treatments from hatch to day 21. Each treatment consisted of five repli-
cates with five poults per replicate. The dietary treatments included: 1) 
basal diet (BD) that contained no curcumin or AF, and was formulated to 
meet or exceed NRC requirements; 2) BD plus 296 mg/kg curcumin; 3) 
BD plus 200 µg/kg aflatoxin B1 (AFB1); 4) BD plus 200 µg/kg AFB1 and 
74 ppm curcumin; 5) BD plus 200 µg/kg AFB1 and 148 ppm curcumin; 
6) BD plus 200 µg/kg AFB1 and 222 mg/kg curcumin; 7) BD plus 200 
µg/kg AFB1 and 296 mg/kg curcumin; and 8) BD supplemented with 20 
µg/kg of total aflatoxins. Addition of 296 mg/kg curcumin to the BD did 
not affect (P > 0.05) feed intake (FI), body weight gain (BWG), relative 
liver weight, or serum concentrations of glucose, total protein, calcium 
or uric acid. Addition of 200 µg/kg AFB1 to the BD caused reductions 
(P < 0.05) in FI and BWG, decreases (P < 0.05) in relative liver weight 
and serum concentrations of glucose, total protein and calcium, but an 
increase (P < 0.05) in serum uric acid concentration . The addition of 
20 µg/kg total aflatoxins to the BD did not negatively affect (P > 0.05) 
growth performance, but did decrease (P < 0.05) relative liver weight 
and serum concentrations of glucose and calcium. Inclusion of up to 296 
mg/kg curcumin to a diet containing 200 µg/kg AFB1 was not effective 
in ameliorating (P > 0.05) the effects of AFB1 on FI, BWG, and relative 
liver weight, but ≥ 222 mg/kg curcumin did prevent an increase in serum 
uric acid. These results are in contrast to a previous study in which 74 mg/
kg curcumin ameliorated the negative effects of 1 mg/kg AFB1 on growth 
performance and relative liver weight of broilers.

Key Words: aflatoxin, toxicity, poults, curcumin, turmeric powder

P168 Supplementing coccidiosis vaccinated broilers with Hy-D® 
to overcome performance losses Joey Bray1SC, Katie Banks*1, Pieter 
Post1, Bradley Turner2 1Stephen F. Austin State University, Nacogdo-
ches, TX, 2DSM Nutritional Products, LLC, Parsippany, NJ

The goal of this experiment was to determine if early growth depression, 
caused by coccidiosis vaccination, can be reduced by supplementing Hy-
D® (25-hydroxyvitamin D3 (25-OH D3)) in the diet of broiler chickens. 
A total of 3,312 straight run broilers were evenly divided among forty-
eight floor-pens with recycled pine litter. Birds were stocked at a density 
of 0.067m2 per bird and reared to 42d. All birds received commercially 
formulated diets containing Hy-D for 0d, 14d, or 42d. One-half of the birds 
were vaccinated with Coccivac-B (CV), while the other half received sa-
linomycin (SAL) in their diets. All diets contained bacitracin methylene 
disalicylate (BMD) in the starter and grower diets. Birds were randomly as-
signed to one of six treatment groups: TRT 1) Hy-D 0d/CV; TRT 2) Hy-D 
0d/SAL; TRT 3) Hy-D 42d/CV; TRT 4) Hy-D 42d/SAL; TRT 5) Hy-D 
14d/CV; TRT 6) Hy-D 14d/SAL. Each pen was collectively weighed at 
d18, d30, d37, and d42. Blood samples were collected at d1, d14, d24, d33, 
and d42, from 2 randomly selected broilers/pen to determine the serum 
25-OH D3 levels. A yield study was conducted using 192 birds (8 birds/
pen from TRT 2, 4, & 6). On d30, TRT 4 had a significantly higher average 
body weight than TRT 1, and a significantly lower feed conversion than 
TRT 5. By d37, TRT 3&4 had a significantly higher average body weight 
than TRT 5. On d 42, TRT 6 had a significantly higher average body weight 
than TRT 5, while TRT 2&4 had a significantly lower feed conversion than 
TRT 5. 25-OH D3 serum levels were significantly higher in TRT 3&4 as 
compared to all other treatment groups on d24 and d42. TRT 4 had a sig-
nificantly higher amount of breast meat yield than TRT 6 at the completion 
of the study. The results suggest that the inclusion of Hy-D® to the feed 
can help to overcome the decrease in early performance losses due to coc-
cidiosis vaccination, as well as increase overall breast yields.

Key Words: 25-hydroxyvitamin D3, performance, coccidiosis, yield, 
broiler
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P169 Effects of  supplementing diets with CALSPORIN®, Q-
MOSTM, BMD®/Stafac® or QMOS plus BMD®/Stafac® on 
live performance of broiler chicks. Troy Lohrmann*1, Michael 
Sims2 1Quality Technology International, Inc., Elgin, IL,  2Virginia Di-
versified Research Corp., Harrisonburg, VA

A 42-d pen trial was conducted with 1,800 straight-run Cobb 500 
broiler chicks using 6 dietary treatments: 1) negative control (NC); 2) 
CALSPORIN® (CSP; 300,000 cfu/g feed); 3) 1x Q-MOSTM ; 4) 2x 
Q-MOSTM ; 5) BMD® 50 g/ton 0-21 d, 25 g/ton 21-35 d, and Stafac® 
35-42 d; and 6) 2x Q-MOSTM plus BMD®/Stafac®. The Q-MOSTM is a 
proprietary Saccharomyces cerevisiae cell wall derived product. There 
were 10 replicate pens of 30 chicks each per treatment (60 pens total). 
Each pen measured 1.22 x 1.52 m which provided a stocking density 
of 0.062 m2 (0.67 ft2) per bird based on pen dimensions. Chicks were 
placed on 7.6 cm of clean litter initially, and at 7 d of age 0.91 kg of 
recycled litter was added to each pen. Salinomycin 60 g/ton was added 
to all starter and grower feeds (0-35 d). The 42-d BW were respec-
tively 1.932d, 2.057c, 2.059c, 2.098c, 2.375b, 2.439a kg (p<0.001; 1-way 
ANOVA, LSD). The 0-42 d mortality-adjusted FCR were respectively 
2.130a, 2.023b, 1.987b, 1.978b, 1.879c, and 1.834c (p<0.001). The 0-42 d 
FCR adjusted to BW of NC and using 7:1 BW:FCR were respectively 
2.138a, 1.995b, 1.963bc, 1.937c, 1.769d, and 1.711e (p<0.001). The 0-42 
d mortality percentages were respectively 1.67, 0.67, 3.00, 2.00, 1.67, 
and 2.33 (p=0.396 raw data; p=0.420 arcsine transformed data). Caloric 
conversions using mash feeds were respectively 6,776a, 6,420b, 6,317b, 
6,267b, 5,951c, and 5,815c kcal ME/kg BW (p<0.001). Broilers fed di-
ets supplemented with CALSPORIN® or Q-MOSTM alone had signifi-
cantly improved BW, mortality-adjusted FCR, and FCR adjusted using 
a common BW of NC (7:1 BW:FCR) compared to broilers fed NC 
diets. Broilers receiving diets with 2x Q-MOSTM and BMD®/Stafac® 
combined had further significantly improved BW and FCR adjusted to 
BW of NC and using 7:1 BW:FCR compared to broilers fed diets with 
BMD®/Stafac® alone.

Key Words: antibiotic, Bacillus subtilis C-3102, broiler, CALSPO-
RIN, QMOS

P170 Effects of diets supplemented with CALSPORIN®, QMOS, or 
both compared to basal diets on live performance of broiler chicks in a 
42-day pen trial with relatively high stocking density and recycled lit-
ter. Troy Lohrmann*1, Michael Sims2 1Quality Technology International, 
Inc., Elgin, IL,  2Virginia Diversified Research Corp., Harrisonburg, VA

A 42-d pen trial was conducted with 1,800 straight-run Cobb 500 broiler 
chicks using 6 dietary treatments: 1) negative control (NC); 2) CALSPO-
RIN® (CSP; 300,000 cfu/g feed); 3) 1x QMOSTM ; 4) CSP + 0.5x QMOSTM 
; 5) CSP + 1x QMOSTM ; and 6) CSP + 2x QMOSTM. QMOSTM is a unique 
Saccharomyces cerevisiae cell wall derived product. Ten replicate pens of 30 
chicks each/treatment were placed (60 pens total). Each pen measured 1.22 
x 1.52 m and provided a stocking density of 0.062 m2 (0.67 ft2)/bird. Chicks 
were placed on 7.6 cm of clean litter initially, and at 7 d of age 0.91 kg of 
recycled litter was added to each pen. Salinomycin 60 g/ton was added to 
starter and grower feeds (0-35 d). The 42-d BW were respectively 1.932d, 
2.057c, 2.059c, 2.228b, 2.248ab, and 2.296a kg (p<0.001; 1-way ANOVA, 
LSD). The 0-42 d mortality-adjusted FCR were respectively 2.130a, 2.023b, 
1.987bc, 1.945cd, 1.908de, 1.886e (p<0.001). The 0-42 d FCR adjusted to BW 
of NC and using 7:1 BW:FCR were respectively 2.138a, 1.995b, 1.963b, 
1.882c, 1.830cd, and 1.803d (p<0.001). The 0-42 d mortality percentages 
were respectively 1.67, 0.67, 3.00, 2.00, 2.33, and 4.00 (p=0.126 raw data; 
p=0.195 arcsine transformed data). Caloric conversions using mash feeds 
were respectively 6,776a, 6,420b, 6,317bc, 6,195cd, 6,043de, and 5,995e kcal 
ME/kg BW (p<0.001). Broilers fed diets supplemented with CALSPORIN® 
or QMOSTM alone had significantly improved BW, mortality-adjusted FCR, 

and FCR adjusted using a common BW of NC (7:1 BW:FCR) compared to 
broilers fed NC diets. Together, broilers receiving diets supplemented with 
CALSPORIN® (1x dose) and QMOSTM (1x or 2x) further significantly im-
proved all parameters except mortality compared to results of broilers fed 
diets with CALSPORIN® or QMOSTM added alone.

Key Words: Bacillus subtilis C-3102, QMOS, CALSPORIN, broiler, 
prebiotic

P171 Ratios of methionine and total sulfur amino acids to lysine 
in broiler finisher diets C. Lu*SC, S.D. Goodgame, F.J. Mussini, C.D, 
Bradley, N. Comert, P.W. Waldroup Poultry Science Department Uni-
versity of Arkansas, Fayetteville, AR

A study was conducted to evaluate the response to Lysine (Lys) and Me-
thionine (Met) in diets on performance of broilers from 35-49 d. The 
NRC (1994) recommendations for total Lys and TSAA during this period 
are 0.85% and 0.60% respectively or approximately 0.75% and 0.53% 
digestible, assuming 88% digestibility. Diets were formulated using a 
composite Ideal Ratio of amino acids to lysine derived from ten litera-
ture reports. Corn and soybean meal were used to formulate diets to pro-
vide 0.60 to 1.1% digestible Lys (dLys) in increments of 0.10%, with no 
minimum placed on level of Met or TSAA. All amino acids other than 
Met and TSAA were calculated to meet or exceed the expected ratio to 
Lys. Experimental diets were prepared by addition of variable amounts 
of DL methionine (0, 0.10, 0.20, or 0.40%) or inert filler to each of the 
six lysine basal diets resulting in a total of 24 treatments. The digestible 
TSAA (dTSAA) content ranged from 0.36% to 0.94% while the dTSAA/
dLys ratio ranged from 49 to 127, compared to the composite value of 
72. Compared to NRC (1994) for birds 6-8 wk, diets with less than 0.9% 
dLys failed to meet all essential amino acid needs. Male chicks (Cobb 
500) were grown on nutritionally complete diets and at 35 d five chicks 
were assigned to each of 144 compartments in finisher batteries. Each 
of the diets was fed to the six replicate pens. Body weights by pen were 
obtained at 35 and 49 d of age with feed consumption determined during 
the test period. Three birds per pen were processed to determine dressing 
percentage and parts yield. There were significant effects of dietary Lys 
levels on BW and FCR with minimum dLys for BW and FCR of 1.01 
± 0.06 and 1.05 ± 0.02%, respectively. Met levels had a significant ef-
fect only on FCR with the zero addition level being significantly greater 
than the supplemental levels. No significant interactions were observed 
between Lys and Met for FI, BW, and FCR. There were differences in 
the estimated ratios of Met or TSAA to Lys required for optimizing FI, 
BW, and FCR for chickens fed different Lys levels. Results of this study 
suggest that the response to variation in Lys level is independent of Met 
level, and vice versa in broiler finisher diets, and that quantitative needs 
for all essential amino acids must be met.

Key Words: broilers, lysine, methionine, ideal protein, finisher diets

P172 Effect of optimal levels of vitamins and of combination of es-
sential oils on the performance of broiler chickens C. Paulus*1, M.F. 
Soto Salanova1, P. Cachaldora2, B. Losada2, J.M. Hernandez1 1DSM 
Nutritional Products, Basel, Switzerland 2COREN, San Cibrao das Vi-
nas, Orense, Spain

The effect of optimal levels of vitamins (Optimum Vitamin Nutrition, 
OVN®) alone or with a combination of essential oils (CRINA® Poultry 
Plus) on broiler performance was evaluated. 1560 day-old Ross male 
broilers were randomly allocated to 24 pens and 3 treatments (8 rep-
licates / treatment). Each pen housed 65 birds and the trial lasted 42 
days. Broilers were fed a starter diet from 1-21 days and a grower diet 
from 22-42 days. All diets were based on wheat and soybean meal and 
supplemented either with: A) control premix with average industry vi-
tamin levels; B) OVN® premix with 69 micrograms 25-hydroxy-cho-
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lecalciferol (Hy-D®)/kg feed; or C) like B), but CRINA® Poultry Plus 
was added at 0.03% (300 mg/kg). At 21 days, performance of B and C 
birds was better than that of the control birds. Feed conversion (FCR) 
of B and C birds was significantly better than that of the control birds: 
1.429 (A) vs. 1.382 (B) and 1.366 (C). At 42 days, body weight of the B 
and C birds, although not significant, was numerically higher than that 
of the control birds: 2.87 kg (A), 2.92 kg (B) and 2.90 kg (C). Similarly, 
daily weight gain was numerically improved by the treatments (68.21 g 
vs. 69.47 g and 69.08 g) and FCR (1-42d) showed a similar trend: 1.796 
vs. 1.776 and 1.747. Results of this trial suggest that the inclusion of 
OVN® and CRINA® Poultry Plus in the feed positively affects broiler 
performance throughout the production period.

Key Words: optimum vitamin nutrition, essential oils, 25-hydroxy-
cholecalciferol, broiler, performance

P173 Combined dietary effects of threonine and purified fiber on 
growth performance and intestinal health of young chicks Emma 
Wils-Plotz*SC, Ryan Dilger University of Illinois, Urbana, IL

Profiling the ‘healthy gut’ becomes critical as the variety and inclusion 
rate of specialized ingredients increase in poultry diets. The objective of 
this study was to determine whether inclusion of purified fiber sources 
affects dietary threonine (Thr) requirements and intestinal structure 
of young chicks. Semi-purified diets contained 7% added silica sand 
(control), cellulose, or high-methoxy pectin. In Study 1, six replicate 
pens of 6 chicks received dietary treatments through d 14 post-hatch, 
and growth performance and nutrient digestibility were determined. 
In Study 2, the impact of purified fiber on dietary Thr requirements 
was determined using a Thr-deficient basal (3.2 g/kg diet) and 7 graded 
levels of supplemental Thr (0 to 7.2 g/kg of diet). Six replicate pens 
of 5 chicks were tested from d 8-21 post-hatch, and ileal tissue was 
collected at study conclusion for histological evaluation. In study 1, 
purified cellulose and pectin reduced (P < 0.05) weight gain by 8 and 
32%, respectively. Purified cellulose reduced N digestibility by 31%, 
but affected neither DM digestibility nor AMEn content. Pectin caused 
a 22-24% reduction in DM and N digestibility, as well as AMEn. No 
differences in feed intake due to fiber inclusion were observed. In Study 
2, a 1-slope, broken-line (i.e., piece-wise) regression model was used to 
estimate supplemental Thr requirements based on growth performance. 
For the control, cellulose, and pectin diets, supplemental Thr require-
ments were estimated at 3.64, 2.60, and 2.38 g Thr/kg of diet, respec-
tively, and 778, 737, and 576 mg of Thr intake over the feeding period, 
respectively, based on body weight gain. For histological measures, vil-
lus height and goblet cell count (per villus) were affected (P < 0.02) by 
dietary Thr concentration, and purified fiber affected crypt depth (P < 
0.02), serosal thickness (P < 0.05), and goblet cell count and density (P 
< 0.01). These findings suggest both dietary Thr concentration and fiber 
source affect growth performance and intestinal health indices in young 
chicks, which may directly impact poultry feeding strategies.

Key Words: cellulose, histology, pectin, requirement, threonine

P174 Relative bioavailability value of zinc proteinate (Bioplex 
Zn®) compared with zinc methionine for chicks Tuoying Ao*, 
James Pierce, Marquisha Paul, Kristen Brennan, Anthony Pescatore, 
Austin Cantor, Mike Ford, Karl Dawson Alltech-University of Ken-
tucky Nutrition Research Alliance, Lexington, KY

The objective of this study was to evaluate the relative bioavailability 
value of Bioplex Zn® (Zn proteinate) compared with zinc methionine 
for broiler chicks. A total of 336 1-day old male broiler chicks was 
housed in an environmentally controlled room for 3wk. Dietary treat-
ments were: corn-soybean meal basal diet without zinc supplementa-
tion or the basal diet with three supplemental levels of Zn (5, 10 and 

20 mg/kg) either from Bioplex Zn® or from zinc methionine. Eight 
replicate cages of six chicks were randomly assigned to each of seven 
diets. Body weight and feed consumption were recorded weekly. At the 
end of the trial, two birds from each cage were randomly selected and 
euthanized with argon gas to collect tibia samples for the analysis of 
zinc. Small intestine samples were also collected, flash frozen in liquid 
nitrogen and stored in -80°C later for the analysis of gene expression 
of metallothionein by using real time PCR. No significant effect of zinc 
source or level on overall growth performance of chicks was found. 
The relative gene expression level of metallothionein in both duodenum 
and jejunum tissues was significantly increased when chicks were fed 
diets with the highest supplemental level of zinc from both zinc sourc-
es. The tibia zinc content was increased linearly (P <0.01) as dietary 
supplemental level of zinc was increased. Multiple linear regression of 
tibia zinc content on dietary supplemental level of zinc from Bioplex 
Zn&reg; or zinc methionine resulted in a following equation: Y = 351 
+ 14.8 X1 + 11.5 X2 (r2 = 0. 94, P<0.01), in which Y represents zinc 
content in tibia ash, X1 represents dietary supplemental level of zinc as 
Bioplex Zn&reg; and X2 represents dietary supplemental level of zinc 
as zinc methionine. The slope ratio from this equation indicated that the 
relative bioavailability value of Bioplex Zn&reg; was129% compared 
with zinc methionine.

Key Words: broiler chick, zinc proteinate, zinc methionine, bioavail-
ability, metallothionein

P175 Early life trace mineral nutrition affects growth performance 
and mineral deposition in broilers through 21 d Ryan Samuel*, Tu-
oying Ao, Marquisha Paul, Mike Ford, Kristen Brennan, Malinda Spry, 
Anthony Pescatore, Austin Cantor, James Pierce Alltech-University of 
Kentucky Nutrition Research Alliance, Lexington, KY

Animals respond to nutrient restriction in general by increasing absorp-
tion rates and utilization efficiency. Nutrient availability in early life may 
interact directly with genes and their regulatory elements to alter patterns 
of growth and gene expression. To evaluate the long-term effects of post-
hatch trace mineral (Zn, Cu, and Mn) nutrition in early life on growth 
performance and tissue mineral content through 21 d, 480 d-old chicks 
were randomly assigned to one of six treatment groups. Diets consisted 
of rations with Zn, Cu, and Mn provided at 100% (normal, N) or 20% 
(low, L) of NRC (1994) recommendations from inorganic or Bioplex 
(Alltech, Inc.) sources for a total of six dietary treatments. All diets were 
based on corn-soy diet and formulated to provide all the nutrients except 
the trace minerals of interest according to the NRC (1994) recommenda-
tions. Body weight and feed intake were measured on d 1, 5, 15, & 21 
post-hatch. On d 5 and at the end of the trial, liver and tibiae were col-
lected and analyzed for mineral content. Weight gain (g/bird) and body 
weight on d 15 and 21 were negatively impacted by switching from N 
to L diets. Weight gain (d 5-15, d 0-21) of chicks fed only the L Bioplex 
diet was greater (p=0.01) than chicks which received only the N Bio-
plex diet, indicating a negative impact of excess trace minerals. Similarly, 
weight gain tended (p<0.10) to be greater (d 0-21) from chicks fed only 
the inorganic L diet compared to N diet. Feed intake (d 15-21) was lower 
(p=0.03) for birds switched from inorganic N to L diet. Overall feed:gain 
tended (p=0.07) to be improved by feeding L diets and was not different 
between the mineral sources. On d 21, liver and tibia Mn concentrations 
were greater in chicks fed only N Bioplex diets than chicks fed L diets. 
Liver Zn concentration was greater (p=0.03) in chicks fed Bioplex diets 
(331 vs. 311 ppm) compared to chicks fed inorganic diets. Gene expres-
sion patterns were altered and growth rate and feed efficiency of broiler 
chicks was improved by providing the trace minerals Zn, Cu, and Mn at 
20% of current recommendations as Bioplex minerals.

Key Words: broilers, Bioplex, mineral, growth
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P176 Effects of calcium and phosphorus levels during the grower 
phase for Heritage broilers: live performance and mineral reten-
tion M. J. Da Costa*1, E.O. Oviedo1, M.R. Dalmagro1, P.L. Mente2, 
K.N. Claassen1, A. Mitchell3, H Engster4, R. Mitchell4 1Department of 
Poultry Science, North Carolina State University, Raleigh, NC, 2De-
partment of Biomedical Engineering, NC State University, Raleigh, 
NC, 3USDA, ARS,Beltsville, MD,  ANRI, 4Perdue Farms Inc., Salisbury, 
MD

One experiment was conducted to evaluate the effects of calcium (Ca) 
and non phytate phosphorus (nPP) levels during the grower phase (18 
to 35 d) on performance, bone traits and leg abnormalities of Heritage 
broilers. Common starter and finisher corn-soybean diets were fed from 
1 to 17 and 36 to 49 of age, respectively. A basal grower diet was mixed 
with amounts of limestone and dicalcium phosphate to obtain 16 diets 
that containned combinations of 4 levels of Ca (0.46, 0.62, 0.78, 0.94%) 
and 4 levels of nPP (0.23, 0.30, 0.37, 0.44%). 1,920 male and female 
chicks were distributed in 64 pens with 15 chicks of each sex per pen. 
BW gain, FI, and FCR were assessed at the end of each dietary phase. 
At 31 d and 44d of age Ca and P retention were evaluated. Individual 
BW were obtained at 49 d and flock uniformity was calculated. Data 
were analyzed as a completely randomized design by response surface 
methodology. Male BW gain was affected (P≤0.05) by the interac-
tion of Ca and nPP levels during the grower phase, and also during the 
whole grow out (0 to 49 d). Maximum BW gain during grower phase 
was obtained at 0.92% Ca and 0.53% nPP levels. In females, BW gain 
was affected quadratically (P≤0.01) by Ca during the grower phase, and 
linearly (P≤0.05) in the whole grow out. FCR was affected quadrati-
cally (P≤0.01) by Ca and linearly (P≤0.01) by nPP levels during the 
grower phase. Optimum FCR (1.532) was observed at 0.76% Ca and 
0.42% nPP levels. No significant effects of dietary treatments (18 to 
35d) were observed on flock uniformity at 49 days. At 31d Ca reten-
tion was affected quadratically (P≤0.05) by Ca and nPP; however, nPP 
retention was only affected quadratically by nPP (P≤0.01). At 44d Ca 
and nPP retention were affected quadratically (P≤0.05) by Ca and nPP 
levels in the grower diets. Minimum P retention was obtained using 
0.71% Ca with 0.39% nPP. It was concluded that Ca and nPP in grower 
diets influenced live performance and mineral retention, even during 
the subsequent dietary phase.

Key Words: Calcium, Phosphorus, Broilers, Live performance, Min-
eral retention

P177 Effect of dietary lysine intake on the reproductive perfor-
mance of Cobb 500 broiler breeder hens Leonel Mejia*, Keyla 
Lopez, Christopher McDaniel, Holly Parker, Alex Corzo Mississippi 
State University, Mississippi State, MS

A study was conducted to examine the reproductive parameters of Cobb 
500 broiler breeder hens fed different daily consumption levels of dig 
Lys (mg/hen/d). A total of 240 Cobb 500 broiler breeder pullets and 40 
cockerels, 20 wk of age, were obtained from a commercial blackout 
rearing house and placed in individual cages. A common breeder diet 
(16% CP, 3.0% Ca, 0.65% dig Lys) was fed from 20 to 23 wk of age. 
Experimental diets were fed from 24 to 42 wks of age. Treatment 1 
diet was a typical corn-soybean meal diet formulated to have a dig Lys 
intake of 1,000 mg/hen/d (CS1,000). Treatments 2, 3, and 4 had the in-
clusion of DDGS with dig Lys intake levels of 1,000 (DDG1,000), 800 
(DDG800), and 600 (DDG600) mg/hen/d, respectively. The study was 
a completely randomized design, and each treatment was replicated 6 
times. Each replicate consisted of a group of 10 hens. Hens were artifi-
cially inseminated on weeks 25, 30, 35, and 41 with 50 µL of undiluted 
semen obtained from the Cobb 500 roosters. Hen-day egg production 
and egg weight were observed to be similar among all the treatments. 

Fertility parameters were unaffected by the dig Lys intake levels fed. 
Additionally, hatchability was not altered possibly because early dead, 
middle dead, late dead, contaminated or pipped eggs were similar for 
all treatments. Feeding dig Lys levels below 1,000 mg/hen/d did not 
impact broiler breeder reproductive performance, thus suggesting that 
Lys may be in dietary surplus concentrations under current practical 
conditions.

Key Words: broiler breeder, lysine, fertility

P178 Effect of dietary metabolizable energy (ME) levels on growth 
performance of both male and female Korean native chicken Sang 
Jip Ohh*, Myoung Ho Lee, Young Han Song, Chang Six Ra, Byoung 
Jo Chaae, Jun Yeob Lee College of Animal Life Science, Kangwon Na-
tional University, Chuncheon-si, Gangwon-do, Republic of Korea

Two ME levels (3,150-3,200 vs 3,000-3,050 kcal/kg, also designated as 
high vs low ME diets) with the same protein regimen (19-18%) were im-
plemented respectively for starting phase(d10-40)-finishing phase (d41-
70) diets of meat-type Korean native chicken(KNC). A total of 400 male 
and 448 female KNC were employed into 32 floor pens with 8 male and 
8 female replicate pens per each ME regimes. In each pen, either 25 male 
or 28 female birds were assigned to allow similar stocking density (~18.5 
kg/m^{2}^) on their finishing stage. The feeding trial started at d10 and 
finished at d70 of age for 60 days. Body weight gain (BWG), feed intake 
(FI) and feed conversion ratio (FCR) were measured at d25, d40, d55 
and d70 of KNC. Apparent nutrient utilizabilities (%) were measured at 
d70 by indicator method. There were no significant differences between 
high and low ME diets in BWG (2,284 vs 2,256 g) and FI (5,446 vs 5,554 
g) of KNC. Further, FCR of high ME diet was better (p=0.0016) than 
that of low ME. However, during d26-40, high ME diet resulted higher 
(p=0.0002) BWG, higher FI and better (p<0.0001) FCR compared to low 
ME diet. It suggested that the KNC on d26-40 was likely to spend more 
portion of ME on locomotion than birds on other periods. Overall BWG 
and FI of male KNC were higher (p<0.0001) than those of female birds. 
However, exceptionally during d26-40, there was no such a difference 
although the FI by male bird was higher (p=0.0095) than that by female. 
Therefore, d26-40 FCR of the female was better (p=0.0042) than that of 
male although overall and other period FCRs were similar. There were 
no differences in nutrients utilization between high and low ME diets. 
Exceptionally, fat utilization of low ME diet was higher (p<0.0001) than 
that of high ME diet. Both crude protein and total carbohydrate utiliza-
tion by male bird were higher than those by female. This study showed 
that low ME diet did not exert a significant decrease in BWG although it 
induced poor FCR due to increased FI. This result implied that the ME 
level of KNC diet could be lowered by comparatively weighing between 
cost due to additional intake and unit cost of the low ME diet.

Key Words: Korean native chicken, dietary ME levels, sex, perfor-
mance

P179 Effect of Protein Source on the Development of Footpad Der-
matitis in Broiler Chickens Reared on Different Flooring Types Oz-
can Cengiz1, Joseph Hess2, Sacit Bilgili*2 1Adnan Menderes University, 
Aydin, Turkey, 2Auburn University, Auburn AL

The objective of this study was to examine the influence of protein 
source and flooring type on footpad dermatitis (FPD) incidence and 
severity in broiler chickens. A total of 750 d-old female chicks were 
reared to 49 d of age in a 2x3 design consisting of 2 protein sources 
(all vegetable and vegetable plus animal-mixed) and 3 flooring types 
(new pine shavings bedding, raised wire floor, or wood-board floor). 
Chicks were randomly allotted to 6 treatments with 5 replicate pens of 
25 birds per pen. A three-stage feeding program, consisting of a starter, 
grower, and withdrawal feeds, was used. Feed and water were provided 
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ad libitum and lighting was continuous throughout the study. In addi-
tion to live performance, the feet were scored on all birds at 20, 34, and 
49 d of age, and the severity of FPD lesions was recorded. Data were 
statistically analyzed for treatment effects and interactions by the GLM 
procedure of SAS.

Mixed protein source diet increased BW (677 vs. 641 g) and improved 
AFE (1.31 vs. 1.36) significantly (P<0.001) at 20 d of age. Feed con-
version ratio of birds reared on wood floor also improved significantly 
(P<0.01) at 20 d of age. However, these effects on performance were 
not seen among the treatments at the end of the study (P>0.05). Footpad 
lesions were significantly affected by both protein source and flooring 
type. The incidence (at 20, 34 and 49 d of age) and severity (at 34 and 
49 d of age) of FPD was highest (P<0.001) in birds reared on wood-
board floor. Moreover, the incidence (35 vs. 15%, P<0.01) on d 34 and 
the incidence (55 vs. 26%, P<0.05) and severity (23 vs. 7%, P<0.001) 
on d 49 were highest on treatments receiving all vegetable protein 
sources. These results indicate that flooring type has a direct influence 
on the development of this contact dermatitis in broiler chickens. Simi-
larly, nutritional factors also play significant role in the etiology of FPD.

Key Words: broiler, floor type, protein source, footpad dermatitis, per-
formance

P180 Effect of dietary energy density on performance, carcass 
measures, serum cholesterol and glucose in broilers at d 56 Eustace 
Iyayi*, Samuel Akosu University of Ibadan, Ibadan, Oyo, Nigeria

Three energy levels (2800, 3000 and 3400 kcal ME/kg diet) were used 
to formulate 5 broiler diets with the objective being to determine the ef-
fect of change in energy content in the diets at starter and finisher phases 
on performance and carcase quality. Diet 1 (Control) contained 3000 kcal 
ME/kg at starter and 2800 kcal ME/kg at finisher phases respectively. Diet 
2 contained 3000 kcal ME/kg at both starter and finisher phases; diet 3 
(3000 kcal ME/kg and 3400 kcal ME/kg); diet 4 (3400 kcal ME/kg and 
3000 kcal ME/kg) at starter and finisher phases respectively and diet 5, 
3400 kcal/kg at both phases. The crude protein contents in the diet at starter 
and finisher phases were 226 and 200 g/kg respectively. One hundred and 
sixty 1-d-old Arbor Acre broiler chicks were weighed and allocated to 20 
pens each with 8 birds. The average weights in the pens were equalized. A 
group of 4 pens were then randomly assigned to each diet. The chicks were 
fed the starter diets up to d 28 and from d 29 the diets were switched to the 
finisher diets till d 56. Feed intake (FI) was calculated per pen as differ-
ence between amounts offered and refused. The temperature of the poultry 
house was about 30oC. Cloacal temperature of the birds was taken weekly. 
On d 56, the birds were weighed, euthanized by decapitation, blood sam-
ples obtained from which serum was harvested and the birds dressed for 
carcase measures. Up to d 56 FI was similar in the control diet and diet 
2 but was significantly (P<0.05) reduced in the rest diets. Increasing the 
dietary energy level above 3000 kcal ME/kg either at the starter or finisher 
phase significantly (P<0.05) reduced body weight (BW) gain and feed con-
version ratio (FCR). No effects of diet were observed for liveability and 
cloacal temperature. Abdominal fat, serum cholesterol and glucose were 
significantly (P<0.05) increased in the test diets compared with the control. 
Results of the present study suggest that dietary energy levels above 3000 
kcal ME/kg in diets for broilers reared to d 56 at 30oC resulted in reduced 
performance, increased abdominal fat, cholesterol and glucose.

Key Words: Dietary energy, performance, carcase measure, broilers

P181 Impact of early-life restricted mineral nutrition on mRNA 
profiles of the jejunum in 21-day old broilers. Kristen M. Brennan*, 
Rebecca M. Hall, Ryan S. Samuel, Tuoying Ao, Mike Ford, Anthony 
J. Pescatore, Austin H. Cantor, James L. Pierce Alltech-University of 
Kentucky Nutrition Research Alliance, Lexington, KY

Chicken adaptation to low-nutrient diets, especially in early life, has 
long been recognized. However, the impact of restricting trace minerals 
in early life on gene expression is unknown. To evaluate the impact of 
restricted mineral (Zn, Cu, Mn) nutrition in early life on gene expression 
patterns in the jejunum, broiler chicks were randomly assigned to one of 
3 treatment groups. Diets consisted of a corn-soy ration with organic Zn, 
Cu, and Mn (Bio-Plex®, Alltech Inc.) provided at 100% (normal, N) or 
20% (low, L) of NRC requirements. Treatments consisted of N and/or L 
diets fed in 2 intervals (d 1-5, d 6-21) as follows: 1) Control (N-N), 2) 
N-L, or 3) L-L. On d 21, birds were euthanized, jejunum tissue was col-
lected, and gene expression profiles were analyzed using the Affymetrix 
Chicken Genome Array. Compared with N-N birds, N-L and L-L birds 
had lower mRNA levels (P<0.05) of metallothionein 3 (-1.7 and -1.78-
fold, respectively) and 4 (-1.81 and -2.27-fold, respectively). Regardless 
of diet consumed d 1-5, birds fed the L diet d 6-21 experienced down-
regulation (P<0.05) of zinc transport proteins 6 and 10, which function to 
lower intracellular zinc. ZIP10 (Zrt-, Irt-like protein 10) was unchanged 
in N-L birds but was upregulated 1.47-fold (P=0.02) in L-L birds. Ex-
pression of digestive enzymes, such as sucrase and alpha-glucosidase, 
was upregulated 2.07-fold and 1.21-fold (P≤0.05), respectively, in N-L 
birds but remained unchanged in L-L birds. These results indicate that 
mineral restriction can result in changes in expression of genes involved 
in mineral transport and mineral ion binding in the jejunum. In addition, 
feeding either N or L mineral levels d 1-5 results in differences in gene 
expression levels at d21, even when birds are fed the same diet d 6-21.

Key Words: broiler, gene expression, zinc, copper, nutrigenomics

P182 Influence of vitamin supplementation on the first week of life 
and breeder age on the performance of broilers Rodrigo Garófallo Gar-
cia*, Leonardo Willian de Freitas, Fabiana Ribeiro Caldara, Ibiara Correia 
de Lima Almeida Paz, Nilsa Duarte da Silva Lima, Silvana Sim Universi-
dade Federal da Grande Dourados, Dourados, Mato Grosso do Sul, Brazil

We performed an experiment to evaluate the effect of vitamin supple-
mentation on performance of broilers from breeders of different ages. 
We used 2880 one day old chicks, the Cobb with eight replicates per 
treatment in a 2x3 factorial, with two ages of the matrix (29 and 44 
weeks) and three inclusion levels of vitamin complex (without inclu-
sion, including at the level recommended by provider and include 50% 
above recommended). We evaluated the performance characteristics of 
animal husbandry and mortality (7 and 42 days) and carcass yield. No 
difference (P> 0.05) in parameters as a function of supplemental vita-
mins. Breeder age influenced broiler performance only at 7 days old, 
and the best results for birds from breeders of 44 weeks of age.

Key Words: broiler, performance, vitamin complex, vitamin supple-
mentation, breeder age

P183 N,N-dimethyl glycine on feed broiler Lenise Boemo*1, Alex-
andre Rosa1, Angelo Lauwaerts2, Anelcir Scher1, Rodrigo Bronzatti3, 
Robson Pietro3, Debora Alves3, Renan Ribeiro3, Camila Santos1 1Poul-
try Science Lab – Universidade Federal de Santa Maria, Santa Maria, 
Rio Grande do Sul, Brazil, 2Taminco,Ghente, Ghente, Belgium, 3Labo-
ratório de Avicultura (LAVIC) – Universidade Federal de Santa Maria, 
Santa Maria, Rio Grande do Sul, Brazil

N,N-dimethyl glycine (DMG) is an intermediary metabolite in cellular 
choline to glycine metabolism. The objective of this study was to de-
termine the effect of dietary DMG (Taminizer®_D; Taminco) in order 
to evaluate the performance and carcass characteristics of broilers. This 
study was carried out at Poultry Laboratory at The Federal University of 
Santa Maria – Brazil. A total of 1920 1-day-old broiler (Cobb-500) were 
raised until 42 days of age. Birds were randomly assigned in three treat-
ments with ten replicate pens of 64 birds each. Used diets with two addi-
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tion levels (0 and 1,000mg DMG/kg feed), without antibiotic growth pro-
moter (AGP), and a diet with AGP were used. Diets were formulated to 
current Brazilian industry standards based on corn and soybean meal. The 
data were submitted to ANOVA and Tukey test. There were no significant 
differences (P>0.05) in the performance parameters (body weight gain, 
adjusted feed intake, feed conversion rate, Productive Efficiency Index 
and mortality). But the study of carcass demonstrated effect of treatments. 
Birds fed with N,N-Dimethyl glycine had better carcass yield (74.98%) 
than birds without DMG (73.58%) in their diets (P=0.0195). Also the use 
of this product increased the percentage of breast meat (P=0.0034) with 
1.16% compared to birds fed without DMG and decreased the percentage 
of abdominal fat (P=0.0427) in 0.27% compared to birds fed a diet with 
AGP. Results of these studies show that N,N-dimethyl glycine (DMG) 
had positive effect on carcass characteristics of broilers.

Key Words: carcass, breast, abdominal fat, performance, broiler

P184 The effect of supplemental amino acids in broiler finisher di-
ets formulated with ideal protein concept C. Lu*, S.D. Goodgame, 
F.J. Mussini, P.W. Waldroup Poultry Science Department University of 
Arkansas, Fayetteville, AR

A study was conducted to evaluate the response of additional amino 
acid cocktail in order to determine whether any response was due to the 
lysine per se or to other essential amino acids in broiler finisher diets 
formulated with ideal protein concept. Nine basal diets were formulated 
using a composite Ideal Protein to provide digestible Lys (dLys) levels 
from 0.70 to 1.10%. Matrix values used for the corn and soybean meal 
were based on suggested total and digestible values reported by a major 
amino acid producer. Experimental diets were prepared by mixing the 
low (0.70%) and high (1.10%) lysine diets to get the intermediate levels 
of lysine diets and aliquots supplemented with either no amino acids or 
an amino acid cocktail containing 0.10% Met, 0.15% Thr, 0.05% Trp, 
0.10% Val, and 0.20% Arg. This mixture would provide the diet with 
the lowest calculated Lys level (0.75) sufficient amounts of the other 
essential amino acids to meet the NRC (1994) estimated needs for these 
amino acids. Corn starch was used in the non-supplemented diets in the 
same amount as the supplemental amino acids. This resulted in a total of 
18 experimental diets. Male chicks (Cobb 500) were grown to 35 d on 
nutritionally complete diets. At 35 d, each of the 18 diets was fed to sev-
en replicate pens of four broilers. Body weights by pen were obtained 
at 35 and 49 d of age with feed consumption determined during the test 
period. At the conclusion of the study two birds per pen were processed 
to determine dressing percentage and parts yield. There was significant 
effect of dietary Lys levels on FCR (p≤0.005); there was no significant 
effect of dietary Lys levels on BW (p≤0.005) but numerical differences 
were observed that neared statistical significance(p=0.051). There were 
significant effects (p≤0.005) of additional amino acid cocktail on BW 
and FCR. No significant interactions were observed between Lys and 
additional amino acid cocktail in BW, and FCR (p≤0.005). Neither di-
etary Lys levels nor additional amino acid cocktail had significant ef-
fects (p≤0.005) on parts yield and dressing percentage, but the dressing 
percentage with amino acid cocktail was numerically higher than the 
ones without amino acid cocktail. Results of this study suggested that, 
when formulating on the Ideal Amino Acid basis, the response is not 
only coming from increased lysine levels but in fact is also coming 
from other essential amino acids that are increased with each increment 
of lysine.

Key Words: lysine, broilers, ideal protein, amino acids

P185 Evaluation of ideal ratios to lysine for starting broilers S.D. 
Goodgame*SC, F.J. Mussini, C. Lu, C.D. Bradley, P.W. Waldroup Poul-
try Science Department University of Arkansas, Fayetteville, AR

The success of formulating poultry diets based on the concept of an 
Ideal Ratio is contingent upon deriving the proper ratio of the vari-
ous essential amino acids to lysine. When evaluating the requirement 
for digestible lysine, it must be considered that all other amino acids 
are being increased or decreased with changes in digestible lysine. A 
composite Ideal Ratio (CIR) derived from ten literature references was 
used to formulate diets with digestible lysine (dLys) levels from 0.80 to 
1.30% in increments of 0.10%. Diets were also formulated using 10% 
less (-10% CIR) than the CIR and 10% more (+10%CIR) than the CIR. 
Corn and soybean meal of known composition were used as intact pro-
tein sources; supplemental sources of methionine, lysine, and threonine 
were used to bring as many of the ratios as close to minimum level as 
possible. All diets were isocaloric with the crude protein and metabo-
lizable energy contributions of the synthetic amino acids considered. 
Each of the 18 diets was fed to 12 replicate pens of five male chicks of a 
commercial strain (Cobb 500). Body weight and feed conversion to 16 
d of age was determined. Body weight (BW), feed intake (FI) and feed 
conversion (FCR) were all significantly influenced by the level of dLys, 
by the different ratios, and by the interaction of the different ratios with 
dLys level. For BW, birds fed diets with +10% CIR were significantly 
heavier than those fed the CIR who were in turn significantly heavier 
than those fed -10%CIR. The peak BW was at 1.10% dLys. The interac-
tion was most noticeable at the lower levels of dLys when chicks fed 
-10%CIR were much lighter than those fed the CIR and chicks fed the 
+10% CIR were much higher; the differences in BW were not as notice-
able at higher levels of dLys. Similar responses in FCR were also noted 
with peak FCR occurring at 1.2% dLys. These data indicate that when 
formulating to a ratio the response to increasing levels of dLys may be 
attributed as much to increases in the other essential amino acids as to 
the dLys and point out the importance of meeting all essential amino 
acid needs on a quantitative basis.

Key Words: Lysine, broilers, amino acids, ideal ratio

P186 The use of extended amino acid supplementation in broiler diets 
varying in lysine formulated on an ideal protein basis S.D. Goodgame*, 
F.J. Mussini, C. Lu, C.D. Bradley, N. Comert, P.W. Waldroup Poultry Sci-
ence Department University of Arkansas, Fayetteville, AR

Supplementing broiler diets with synthetic amino acids lowers overall 
crude protein levels as well as reducing the total quantity of many of 
the essential and nonessential amino acids. As additional amino acids 
become available, critical levels of some amino acids might be reached 
that were not previously considered to be a dietary limitation. This 
study was conducted to evaluate the need for digestible lysine and as-
sociated amino acids in broiler starter diets when extended amino acid 
supplementation is used. A series of diets were formulated using corn 
and soybean meal of known amino acid composition. Digestion coef-
ficients suggested by a major amino acid supplier (Ajinomoto Heart-
land) were used. Diets were formulated to contain from 0.7 to 1.2% 
digestible Lys in increments of 0.10% using Ideal Ratios derived from 
a composite of literature reports. One series contained synthetic forms 
of methionine, lysine, and threonine. The second series contained the 
same amino acids plus valine. The third series contained all four of 
these amino acids plus glycine. As a result, the dietary crude protein 
level was subsequently reduced with each series of amino acid sup-
plements. A diet with 24% crude protein and 1.2% digestible lysine 
served as the positive control. All diets were analyzed for crude protein 
content with the low and high lysine diets in each series analyzed for 
total amino acids. Each diet was fed to six replicate pens of five male 
chicks of a commercial strain (Cobb 500) maintained in electrically 
heated battery brooders. Performance on the diets with reduced crude 
protein was similar to that of birds fed the diet with 24% fixed crude 
protein. There were no significant differences in BW, feed intake (FI) or 
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feed conversion (FCR) related to the different amino acid series used, 
demonstrating that dietary protein can be effectively reduced with the 
proper amino acid supplementation. The BW and FCR, but not FI, were 
significantly influenced by increasing the digestible lysine in associa-
tion with the other essential amino acids in a ratio to lysine. Broken-line 
linear regression indicated that BW peaked at approximately 1.10% di-
gestible lysine while FCR peaked at approximately 1.14% digestible ly-
sine when diets were formulated using the Ideal Protein concept. These 
data indicate that valine and glycine could be supplemented in broiler 
diets without loss of performance.

Key Words: broilers, ideal protein, lysine, amino acids

P187 Evaluation of calcium levels in broiler diets with normal or 
extended phytase supplementation SS.M. Fiscus*SC, S.D. Good-
game, C.D. Bradley, F.J. Mussini, P.W. Waldroup Poultry Science De-
partment University of Arkansas, Fayetteville, AR

The use of phytase has become almost universal in U.S. broiler diets. 
The combination of reduced phytase prices and increased cost of P has 
stimulated use of higher phytase levels. Considerable work has been 
done to establish P release values (PRV) for phytase but more work is 
needed to determine proper Ca levels to be used with different PRV val-
ues, as higher levels of phytase are used. The objective of this study was 
to determine the optimum Ca level to be utilized with different PRV 
values for phytase. Four diets (Lo-P/Lo-Ca; Lo-P/Hi-Ca; Hi-P/Lo-Ca; 
Hi-P/Hi-Ca) provided digestible amino acids suggested by Rostagno et 
al. (2011). After analysis, these were blended to provide experimental 
diets. One group was fed 0.45% nonphytate P (NPP) with 0.6, 0.8, or 
1.0% Ca with no phytase. Three groups were fed diets with 500, 1000, 
or 2000 FTU/kg phytase (QP2, ABVista, Marlborough, UK) using PRV 
values of 0.13, 0.17, and 0.20% NPP respectively (Target) as suggested 
by the manufacturer. Diets were also fed with ± 0.05% of target values. 
For each of these test levels, Ca levels of 0.5 to 0.9% were fed. Each 
diet was fed to six pens of 5 male birds. At 18 d birds were weighed and 
killed by CO2 inhalation; tibia from three birds per pen were collected 
for bone break force (BBF) determination. For the 0.45% NPP group, 
those fed 1.0% Ca had significantly better BW and BBF than those 
fed 0.6 or 0.8% and were used as the positive control (PC) to compare 
performance of the test groups. For birds fed 500 FTU/kg the BW of 
birds fed the target PRV did not differ the PC when fed diets with 0.6% 
or more Ca; BBF of birds fed the target PRV was significantly less than 
the PC unless 0.9% Ca was fed. For birds fed 1000 FTU/kg the BW 
of birds fed the target PRV did not differ in BW or BBF from the PC 
when diets contained 0.7% or more Ca. For birds fed 2000 FTU/kg the 
BW and BBF was significantly less than the PC until 0.9% Ca was fed. 
Based on tibia break force it appeared that the target PRV values for 
500 and 2000 FTU/kg may have been slightly overestimated while the 
target PRV value for 1000 FTU/kg may have been accurate. These data 
suggest that more work is needed to accurately define Ca levels needed 
for different levels of phytase supplementation.

Key Words: broilers, phytase, calcium, phosphorus release

P188 Comparative response of different broiler genotypesto dietary 
energy levels F.J. Mussini*, S.D.Goodgame, C. Lu, C.D. Bradley, S.M. 
Fiscus, P.W. Waldroup University of Arkansas, Fayetteville, AR

In this study a heritage line (HER) of NH x WPR maintained at the 
University of Illinois since the 1950’s was compared to three modern 
production lines (Ross 308, Ross 708 and a Test Product (TP) from 
Aviagen) for 6 weeks post hatch. The genetic lines were compared at 
four different energy levels. Diets were formulated to contain 0.50, 2, 
4, and 6% poultry oil (PO) with other nutrients maintained in ratio to 
energy. Four hundred and eighty male birds of each line were randomly 

allocated to 96 pens in a 4 X 4 factorial arrangement. Each treatment 
had six replications with 20 birds per pen. The Ross 308 strain had 
the best body weight (BW), feed conversion ratio (FCR) and caloric 
conversion ratio (CCR) all through the experiment. At 21 days, there 
was no interaction between the strains and the diets. At 35 days, a sig-
nificant interaction was noted for BW, feed intake (FI), FCR and CCR. 
For BW, HER did not respond to PO changes in the diet, Ross 308 
showed a positive response to increasing levels, and Ross 708 and TP 
showed a negative response to PO increments. The HER, Ross 708 and 
TP strains reduced feed intake as energy increased in the diets, but Ross 
308 increased FI with increased dietary energy. While FCR decreased 
with increasing levels of PO for HER and Ross 308 strains, it remained 
the same for Ross 708 and TP strains. The CCR for HER decreased 
with increasing levels of PO; the opposite effect was observed for Ross 
308, Ross 708, and TP strains. At 42 days the interaction was observed 
only for FCR and CCR. The FCR effect was similar to the one observed 
at 35 but more pronounced. The CCR kept the same pattern for the 
four strains. At 43 days 3 birds per pen were processed. No interaction 
was observed at this point. Strain affected Carcass, Wing, Breast, Leg 
quarters and Rack Yield. Poultry oil affected carcass yield, decreasing 
it as the energy level increased. Strains seem to be affected in different 
ways by different levels of PO. The HER strain reduced FI and did not 
respond to energy increments; Ross 708 and TP responded the same 
way. The Ross 308 strain responded positively to incremental levels of 
PO by increasing FI and BW. These data indicate that different broiler 
strains may respond differently to changes in dietary nutrient density.

Key Words: broilers, genotype, strain differences, dietary energy

P189 Tryptophan levels on perfomance of white layers diets Fer-
nando Perazzo Costa*1, Matheus Lima1, Eduardo Nogueira2, Edgar 
Ishikawa2, Luciano Sa2, Leonilson Dantas1, Lavosier Cavalcante1, 
Ana Silva1, Robervania Correia1, Sarah Pinheiro1 1Federal University 
of Paraiba, Areia, Paraiba, Brazil, 2Ajinomoto Animal Nutrition, Sao 
Paulo, Brazil

The aim of this work was objective to evaluate the digestible trypto-
phan: digestible lysine ratio constant for white layers diets. Two hun-
dred sixty white layers with 29 weeks of age had been used, distributed 
in an experimental delineation entirely randomized, with 5 treatments, 
13 replicates and 4 birds for experimental unit. The diets had been 
equal energy and consisted of a basal diet, formulated to the base of 
corn and soybean meal, supplemented with the industrial amino acids 
L-Lysine, DL-Methionine, L-Threonine, L-Tryptophan, L-Isoleucine 
and L-Valine with intention to supply increasing levels of these amino 
acids, so that the ratio between them if kept constants in accordance 
the recommendations of Brazilian Tables of Poultry Recommendations 
(Met+Cys:lysine - 91; Thr:Lys - 66; Iso:Lys - 83; Val:Lys - 90), except 
for digestible tryptophan: digestible lysine that was fixed in 24,5%, 
where this level was esteem in a previous experiment, with increas-
ing digestible tryptophan: digestible lysine ratios. On evaluation period, 
the feed intake (FI, g/bird/day), egg production (EP, %/bird/day), egg 
weight (EW, g/egg), egg mass (EM, g/bird/day), mass conversion (MC, 
kg/kg) and dozen conversion of eggs (CED, kg/12) were evaluated. Af-
ter analysis of the data, was verified that only the feed intake was not in-
fluenced by the treatments and perceived that optimum performance of 
the white layers was verified when the level of amino acids increased, 
showing a quadratic effect. Thus, it was esteem in 0.213% of digestible 
tryptophan, keeping a constant ratio of 24,5% of digestible tryptophan: 
digestible lysine for white layers in production.

Key Words: amino acid profile, ideal protein, productive efficiency
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P190 Nutritional requirement of available phosphorus for laying hens 
post-peak production Almir Ferreira da Silva1, Carlos Bôa-Viagem Ra-
bello*1, Claúdia Costa Lopes1, Marcos José Batista dos Santos1, Wilson 
Moreira Dutra Júnior1, Edney Pereira da Silva2, Ednardo Rodrigues de Fre-
itas3, Costa Fernando Guilherme Perazzo4 1Universidade Federal Rural de 
Pernambuco, Recife, Pernambuco, Brazil, 2UNESP, Jaboticabal, SP, Ja-
boticabal, São Paulo, Brazil, 3Universidade Federal do Ceará, Fortaleza, 
Ceará, Brazil, 4Universidade Federal da Paraíba, Areia, Paraíba, Brazil

This is research was conducted to estimate the nutritional requirement 
of available phosphorus for laying hens in post-peak production. An ex-
periment was realized with 180 Dekalb White hens (64 week of age). 
The assay lasted for 112 days, using the completely randomized design, 
consisting of five treatments (five levels of available phosphorus: 0.14, 
0.22, 0.30, 0.38, 0.46%) and six replicates of six hens. The performance 
and egg quality parameters were evaluated: egg production (%), feed in-
take (g), egg mass (g/birds/day), feed conversion ratio (g:g and g:dz), egg 
weight (g), yolk weight (g), albumen weight (g), shell weight (g), per-
centages of yolk (%), shell (%) and albumen (%) and egg specific gravity 
(g/l). To determine the optimum level of available phosphorus in the diet, 
the results were submitted to polynomial regression analysis. Consider-
ing the adjustment of the data by the quadratic model, the estimates of 
available phosphorus for egg production (Y= -156.27x²+107.06x-69.52, 
R2=0.72), egg mass (Y= -162.06x²+102.02x+40.69; R²=0.58), feed con-
version by gram (Y= 4.71x²-2.95x+2.3; R²=0.43) and by dozen (Y= 
-1.99,x²+1.37x+1.06; R²=0.27) of eggs varied from 0.31% to 0.35%. 
In relation to the eggs quality parameters, only, eggs specific grav-
ity (Y= 0.076265x²-0.048467x+1.09; R²=0.92) and percentage of shell 
Y=11.934524x²-7.551548x+9.980262; R²=0.96) and of the albumen Y=-
34.529390x²+21.803676x+64.651585; R²=0.67) showed quadratic be-
havior. Therefore, from the biological responses presented by the hens in 
post-peak production, the recommended requirement is 0.32% available 
phosphorus in the diet, without cause problems for the production and 
quality of the shell and albumen.

Key Words: albumen, feed conversion, feed intake, performance, shell

P191 Evaluation of methodology to determine TMEn of feed ingre-
dients Ryan Samuel*, Tuoying Ao, Mike Ford, Austin Cantor, Anthony 
Pescatore, James Pierce Alltech-University of Kentucky Nutrition Re-
search Alliance, Lexington, KY

Allzyme SSF is a naturally fermented product with activities of multiple 
enzymes. The recommended inclusion may impact the TMEn content of 
feedstuffs and diets composed of those feedstuffs for poultry. Corn meal, 
DDGS, SBM, canola meal, corn-SBM diet, corn-SBM diet with 70% 
replacement of SBM by DDGS and wheat-SBM diet were prepared with 
and without Allzyme SSF. Twenty-four roosters were housed individu-
ally in metabolism cages with an individual tray for excreta collection. 
Six birds were randomly assigned to one of four dietary treatments within 
each of four trials. Roosters were trained to a single 1 h ad libitum feeding 
period per day until feed intake was at least 30 g. Birds were fasted for at 
least 24 h before feeding for 1 h which was immediately followed by 24 
h excreta collection which was started after feed withdrawal (collection 
day 1). Feeding and collection was repeated similarly on day 2. Finally, 
excreta was collected from fasted birds for 24 h to determine endogenous 
losses (collection day 3). Results from excreta collection days were not 
different, therefore results were pooled by diet. Endogenous excreta were 
pooled by diet. Feed intake exceeded or equaled 30 g per d. There were 
no differences in feed intake (P>0.19) with or without Allzyme SSF in 
the diets, except feed intake was greater (P<0.05) for birds fed DDGS 
without Allzyme SSF (47.7 vs. 37.1 g/d). Excreta weights before or after 
drying were not different (P>0.06) due to the inclusion of Allzyme SSF, 
except the weight of excreta from birds fed corn meal with Allzyme SSF 

was greater (P<0.01) before drying. True ME digestibility was greater 
(P=0.03) for birds fed canola meal with Allzyme SSF than without (57.3 
vs. 51.5%); there were no other differences. Energy digestibility ranged 
from 51 to 90 % for the individual feedstuffs. Birds appeared to adjust 
their feed intakes according to the energy digestibility of the diets. Inclu-
sion of DDGS in the corn-SBM diet very slightly reduced energy digest-
ibility (83.3 vs 81.0%; P<0.01). The TMEn (kcal/g) was not different due 
to the inclusion of Allzyme SSF in any of the diets (P>0.13). Therefore, 
it appears that using intact (non-cecectomized) roosters to determine the 
effect of Allzyme SSF on the TMEn of individual feedstuffs or diets is not 
a viable experimental approach.

Key Words: enzymes, TMEn, energy, digestibility, roosters

P192 Tryptophan: lysine ratio on the performance of Japanese 
quails diets Matheus Lima*1, Fernando Perazzo Costa1, Eduardo 
Nogueira2, Luciano Sa2, Leonilson Dantas1, Lavosier Cavalcante1, 
Sarah Pinheiro1, Ana Paula1, Robervania Correia1 1Federal University 
of Paraiba, Areia, Paraíba, Brazil, 2Ajinomoto Animal Nutrition, Sao 
Paulo, Brazil

The aim of this work was objective to evaluate the best tryptophan: lysine 
ratio for fed Japanese quails with different tryptophan: lysine ratio. Two 
hundred eighty Japanese quails had been used, distributed in an experi-
mental delineation entirely randomized, with 5 treatments, 7 replicates 
and 8 birds for experimental unit. The diets, equal protein and energy, 
had consisted of a basal diet, formulated to the base of corn and soybean 
meal, supplemented with the industrial amino acids L-Lysine, DL-Methi-
onine, L-Tryptophan, L-Isoleucine and L-Valine of form to take care of 
the requirements nutritionals for Japanese quails, except for tryptophan, 
where the evaluated levels had been 0.15, 0.17, 0.19, 0.21 and 0.23%, 
corresponding tryptophan: lysine ratio of 15, 17, 19, 21 and 23%. The 
feed intake was evaluated, egg production, egg weight, egg mass, egg 
mass conversion and dozen of eggs conversion. After analysis of the data, 
was verified that the feed intake and egg mass were influenced (P<0.05) 
by the ratios, the variables were decreasing conform the tryptophan was 
increasing in the diets. The egg production, egg mass conversion and egg 
dozen conversions had been a quadratic behavior, esteeming in 19.07, 
20.13, 20.92, respectively. The dates show an increment of Japanese 
quails performance in tryptophan increasing in the diet. In conclusion, 
it was esteem in 21% of the tryptophan: lysine ratio for Japanese quails.

Key Words: amino acid profile, ideal protein, productive efficiency

P193 Diggestible Threonine: lysine ratio to layers diets in third 
cycle of production Anilma Cardoso*1, Fernando Perazzo Costa1, Ed-
uardo Nogueira2, Marianne Kutschenko2, Clariana Santos1, Gledysonn 
Lobato1, Matheus Lima1, Rafael Souza1, Sarah Pinheiro1 1Federal Uni-
versity of Paraiba, Areia, Paraíba, Brazil, 2Ajinomoto Animal Nutri-
tion, Sao Paulo, Brazil

The objective was to determine the nutritional requirements of differ-
ent digestible threonine:lysine ratio for laying hens in third production 
cycle. Were used 240 Dekalb Brown layers, a period from 74 to 90 
weeks of age, distributed in a completely randomized design witg five 
increasing levels of threonine (0.447, 0.467, 0.487, 0.507, 0.527%), six 
replicates and eight hens/replicate. The treatments consisted of diets 
isnutritives and level of 0.648% of digestible lysine estimated accord-
ing the equation recommendations suggested by Rostagno et al. (2005). 
After obtaining the lysine, the diets were formulated keeping relations 
amino acids: lysine, except for threonine, which had growing relations 
in 69, 72, 75, 78 and 81 %. It was evaluated ffed intake (g/bird/day), 
production (%), weight (g), egg mass ( g / bird / day ), egg mass con-
versions( kg / kg ), egg dozen conversions( kg / dz ), weight (g) and 
percentage (%) of yolk, albumen and shell , shell thickness (mm ), spe-
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cific gravity. The results showed quadratic effect of threonine levels on 
egg production and linear effect on egg mass and egg dozen conversion 
and percentage of shell. The level recommended was 0.495% digestible 
threonine, which corresponds threonine: digestible lysine ratio of 76.5 
%.

Key Words: amino acid, egg production, egg quality, ideal protein

P194 Performance of chicks fed diets with different levels of so-
dium and electrolyte balance in pre-starter phase. Jose Henrique 
Stringhini*1, Monica Schaitl Thon1, Marcos Barcellos Cafe1, Maria Aux-
iliadora Andrade1, Nadja Susana Mogyca Leandro1, Roberto de Morais 
Jardim Filho2 1Universidade Federal de Goias, Goiania, Goias, Brazil, 
2Abatedouro Sao Salvador, Itaberai, Goias, Brazil

In hot climates, sodium and the electrolyte balance are considered in 
order to prevent heat stress with an effect on water intake. In newly 
hatched chicks, it can be important to estimulate water intake and help 
with nutrient absorption specially aminoacids, vitamins and monossa-
charides. Based on this, an experiment was carried out in order to evalu-
ate ckicks performance until 21 days of age consuming diets containing 
different electrolyte balance and sodium levels in a corn-soybean pre-
starter ration. A total of 330 Cobb 500 day-old chicks were allotted in 
heated batteries in a randomized block design and factorial arrangement 
3 x 2 (electrolyte balance Na + K - Cl - 200, 240 and 310 mEq/kg of 
diet and 0.2 and 0.4% sodium levels) with six replications of 11 chicks 
each. Performance variables were evaluated (weight gain, water and 
feed intake and feed conversion from 1 to 7 and 1 to 21 days of age). 
No significant interaction was observed for the variables evaluated. A 
significant effect was observed for weight gain for 0.4% Na compared 
to the low level tested (0.2% Na). A quadratic effect was observed for 
weight gain with the electrolyte balance levels tested and it was pos-
sible to estimate that 236 mEq/kg at 3 days of age gave the best results. 
But when the birds completed 7 days of age, a linear negative effect was 
observed for the same levels. For feed intake, a linear negative effect 
was observed for electrolytic balance at 7 days of age and a higher feed 
intake. For feed conversion, better results were observed for 0.4% lev-
els at 3 and 7 days of age, with no effect for electrolyte balance. Water 
intake increased linearly for electrolyte balance levels and relation of 
water:feed intake was higher for 0.4% Na compared to 0.2% Na. It is 
possible to recommend 236 mEq/kg and 0.4% Na in pre-strater ration 
for better performance.

Key Words: weight gain, feed intake, number of Mongin, water intake, 
starter development

P195 Digestible tryptophan:lysine to layers in third cycle of produc-
tion Fernando Perazzo Costa*1, Anilma Cardoso1, Eduardo Nogueira2, 
Edgar Ishikawa2, Clariana Santos1, Rafael Souza1, Sarah Pinheiro1, An-
gelica Lopes1 1Federal University of Paraiba, Areia, Paraíba, Brazil, 
2Ajinomoto Animal Nutrition, Sao Paulo, Brazil

The objective of this work is to determine digestible tryptophan: lysine 
for laying hens diets in the third production cycle. Were used 240 laying 
hens of brown-egg lineage Dekalb Brown, a period from 74 to 90 weeks 
of age, distributed in a completely randomized design with five increas-
ing levels of tryptophan (0,142; 0,149; 0,156; 0,163 e 0,170 % ), with 
six replicates and eight hens/replicate. The treatments consisted of diets 
isonutritives and level of 0.648 % of digestible lysine estimated accord-
ing the equation recommendations suggested by Rostagno et al. (2005). 
After obtaining the lysine, the diets were formulated keeping relations 
amino acids: lysine, except for tryptophan, which had growing relations 
in 22, 23, 24, 25 and 26%. Feed intake ( g / bird / day ), production (% 
), weight ( g ), egg mass ( g / bird / day ), egg mass conversions( kg / kg 
), egg dozen conversions( kg / dz ), weight (g) and percentage (%) of 

yolk, albumen and shell , shell thickness (mm ), specific gravity were 
evaluated. It was observed a quadratic effect of tryptophan levels to egg 
production and egg mass. The level recommended is 0,153% digestible 
tryptophan, which corresponds digestible tryptophan: lysine of 24 %.

Key Words: amino acid, egg production, egg quality, requirement

P196 Reduce feed cost and maintain performance Anée Berg 
Kehlet* Chr. Hansen A/S, Denmark

The aim of the present work was to investigate the effect B. subtilis 
on digestibility and performance in recommended and energy reduced 
diets for broilers. Moreover the ability of B. subtilis to maintain per-
formance in energy reduced diets was investigated. Two digestibility 
trials and three performance trials were conducted using a 2x2 factorial 
design with the factors being ± addition of B. subtilis DSM 5750 8+E5 
cfu/g of feed (GalliPro® Max, Chr. Hansen A/S). And energy level (± 
reduction of 100 Kcal/kg by replacing 2% soy oil with corn). In the 
digestibility trials 160 male Cobb broilers were randomly distributed 
with 8 replicates and 5 birds per cage. The diets were added a marker 
(0.5% Cr2O3) for determination of dry matter and crude protein di-
gestibility. The trials were running from day 31 to 36 of age. In the 
performance trials 640 male Cobb broilers were distributed into floor 
pens with 8 replicates and 20 birds per pen. The experimental period 
was from day 1 to 42 of age. At day 42 weight gain and feed intake 
were recorded and feed conversion was determined. B. subtilis resulted 
in a better digestibility in both the recommended energy group and in 
the reduced energy group in both trials. The average digestibility of 
dry matter in the two trials were 67.51% in recommended energy level 
(T1), 71.68 in recommended energy level + B. subtilis (T2), 69.64% 
in reduced energy level (T3) and 70.82% in reduced energy level + B. 
subtilis (T4). The average digestibility of protein was 76.67%, 79.70%, 
77.64% and 79.80% for T1-T4 respectively. In the performance trials 
B. subtilis also showed an advantage over the control groups in all three 
trials. The average weight gain was 2.65 kg, 2.71 kg, 2.58 kg and 2.66 
kg for T1-T4 respectively. The average FCR was 1.70, 1.65, 1.75 and 
1.71 kg/kg for T1-T4 respectively. Performance was equal in the rec-
ommended control (T1) and in the diet with reduced energy added B. 
subtilis (T4). Based on this study it can be concluded that applying B. 
subtilis improves energy utilization by 100 Kcal/kg. This will result in 
a feed cost saving of $14-15 US/2000Lb including the cost of the B. 
subtilis product.

Key Words: Bacillus subtilis, Digestibility, Broilers, Energy reduction, 
Feed cost saving

P197 Accuracy of nonlinear feed formulation for broiler chick-
ens: Maximising broiler profit Manoel Garcia-Neto*, Camila Angé-
lica Gonçalves, Sergio Vieira-Filho, Max José de Araujo Faria-Junior, 
Marcos Franke Pinto UNESP - Univ Estadual Paulista, Araçatuba, SP, 
Brazil

The modeling technique is simple, useful and practical to calculate 
optimum nutrient density to maximize profit margins, using nonlinear 
programming by predictive broiler performance. To demonstrate the in-
fluence of the broiler price could interact with nutrient density, the ex-
periment aimed to define the quadratic equations for consumption and 
weight gain, based on modeling, to be applied to nonlinear programming, 
according to sex (male and female) in the starter (1 to 21 days), grower 
(22 to 42 days) and finisher phases (43 to 56 days). The experimental 
design was a randomized, totaling 6 treatments [energy levels of 2800, 
2900, 3000, 3100, 3200 and 3300kcal AME/kg with constant nutrient : 
AME (Apparent Metabolizable Energy)] with 4 replicates and 10 birds 
per plot, using the program free download PPFR Excel workbook for 
feed formulation (http://www.foa.unesp.br/downloads/file_detalhes.asp?
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CatCod=4&SubCatCod=138&FileCod=1677). Data from this trial con-
firmed that there was a significant relationship between feed intake and 
total energy consumption of the diet, in which feed intake was increased 
or decreased simply to keep the amount of energy, with a constant rate 
of nutrient : AME. Therefore, the data support that if the essential dietary 
nutrients are kept in proportion to the energy density of the diet, accord-
ing to the appropriate requirements (male / female) of broilers, the weight 
and feed conversion are significantly (P<0.05) favored by increasing the 
energy density of the diet. Thus, it enables the application of models for 
maximum profit (nonlinear formulation), to estimate the proportion of 
weight gain most appropriate according to the price paid by the market.

Key Words: energy density, feed formulation, maximum profitability, 
optimization

P198 Effects of aflatoxin on growth performance,  organ weights, 
and serum chemistry of broilers, and the efficacy of Calibrin-A and 
Calibrin-Z enterosorbents to ameliorate those effects. S. L. Johnston*1, 
L. M. Brand2, D. R. Ledoux2, G. R. Goss1, E. D. DeBoer1, F. Chi1 1Amlan 
International, Vernon Hills, IL 2University of Missouri, Colombia, MO

A study was conducted to evaluate the effects of 2 ppm dietary aflatoxin on 
broilers and the ability of two clay adsorbents to ameliorate those effects. A 
total of one-hundred-sixty day-old chicks (Ross 308) was allotted to 4 treat-
ments and fed assigned diets for 21 d (8 reps X 5 chicks). Treatments were: 
1) control (CON); 2) CON + 2 ppm aflatoxin (AFL); 3) AFL+ 0.5% Cali-
brin-A (CAA); and 4) AFL+ 0.5% Calibrin-Z (CAZ). A T-test was used to 
determine statistical differences. AFL decreased (P <0.05) feed intake (FI), 
weight gain (WG), and feed efficiency (FCR), and increased (P < 0.05) 
relative liver weight compared to CON birds. Adding CAA or CAZ to the 
AF diet did not improve (P > 0.05) FI . CAA improved (P < 0.05) WG, 
and FCR, and reduced (P < 0.05) the increase in relative liver weight. CAZ 
improved (P < 0.05) WG, but only numerically improved FCR and reduced 
the increase in relative liver weight. Absolute bursa weight of AFL birds 
was numerically lower than CON (P < 0.09; 2.0 vs 2.4g), but was improved 
by CAA and CAZ treatments (2.3 and 2.2 vs 2.0g); however, relative bursa 
weights were not different (P > 0.05) among treatments. Mortality rate was 
2.5, 10, 2.5 and 5% for CON, AFL, CAA and CAZ, respectively. Birds fed 
AFL had lower (P < 0.05) albumin, globulin, and total protein in the serum 
compared to birds fed the CON diet. Serum glucose of AFL birds tended 
to be lower (P < 0.06) than CON birds, whereas CAA birds were similar to 
CON, and birds fed CAZ were not different from CON or AFL birds. CAA 
and CAZ birds had serum globulin concentrations that were not different 
(P> 0.05) from CON or AFL treatments. Results confirmed the detrimental 
effects of AFL on broiler growth performance, target organ weights, and 
serum chemistry. Calibrin-A or Calibrin-Z can effectively ameliorate the 
detrimental effects of AFL in broiler chickens.

Key Words: Broiler, Aflatoxin, Clay Adsorbent, Calibrin-A, Calibrin-Z

P199 Increasing productive performance of Bovans White hen at the 
beginning of the cycle María de los Angeles Tepox-Perez1, Benjamín 
Fuente-Martínez*2, Tomas Jinéz-Mendez1, Ernesto Ávila-González1 1Cen-
tro de Enseñanza, Investigación y Extensión en Producción  Avícola (CEI-
EPAv), Mexico City, México DF. Del. Coyoacán, Mexico, 2FMVZ, UNAM. 
Av. Universidad 3000, Mexico City, México DF. Del. Coyoacán, Mexico

In order to evaluate the productive performance of Bovans White hen at the 
beginning of the cycle, were used different levels of metabolizable energy 
(ME) and digestible methionine + cystine (AAD) to reduce the number of 
small eggs (<42 g). 384 hens of 18 weeks old were used in a randomized 
design with 4 X 2 factorial arrangement. The first factor was the level of 
EM (2700, 2800, 2900, 3000 kcal / kg), and the second one, the level of 
0.45 or 0.61% AAD. Each treatment had 4 replicates of 12 hens. Records 
were kept weekly: percentage of stance, average egg weight, feed intake, 

egg mass / bird / day and feed conversion, in addition, the egg was classi-
fied by weight. The small egg percentage decreased with 2900 and 3000 
kcal / kg and increased the percentage of large egg with 0.61% AAD (P 
<0.05). It suggests using diets with 2900 kcal / kg ME and 0.61% of AAD 
in sorghum-soybean diets. 

Key Words: productive performance, beginning of the cycle, number 
of small eggs, laying hen, metabolizable energy

P200 Growth Modulation as an Alternative for the Control of Ascites 
Syndrome at 2700 M.A.S.L. Diego Rodriguez-Saldaña*1, Carlos Lopez-
Coello2 1Balanceados El Granjero, Cuenca, Azuay, Ecuador, 2Dpto. de 
Medicina y Zootecnia de Aves, Mexico City, Distrito Federal, Mexico

The study estimated the effect of feed restriction on productive param-
eters of Cobb 500 male broilers chicks until they reach a target weight of 
2.7 kg. There were applied four levels of feed restriction with 7 replicates 
of 50 birds each: 1) Ad libitum, 2) 97.5%. 3) 95.0%, and 4) 92.5%. The 
feed intake for treatments 2, 3 and 4 were estimated based on a com-
mercial table of consumption, it was developed in the area where the 
experiment was done (2700 m.a.s.l., Cuenca, Ecuador) and restriction 
programs began in the 15 day of age for all treatments. The manage-
ment program was in line with established broiler production practices, 
the feed was formulated based on the requirements of broilers in three 
phases, the presentation was crumble feed and consisted of a corn-soy-
bean meal. The studied variables were registered in weekly bases until 
the birds reached the target weight and were feed intake (FI), weight gain 
(WG), feed conversion (FC), mortality, ascites mortality and production 
cost per kg of live chick. Statistical analysis of all variables indicate sta-
tistical differences (P <0.01) when comparing the ad libitum group with 
restricted groups, however when we compare the restriction treatments, 
there was not statistical significance between them, but numerical dif-
ference suggests that the best treatment was the 95% level restriction, 
which had the following results: The target weight was reached at day 
44 (2.756 Kg), the accumulated FI 4.577 Kg., the commercial FC 1.698, 
the FC adjusted for mortality 1.655; 3.15% of mortality, ascites mortality 
2%, and production cost per kg of live chick $ 1.48 USD. In conclusion, 
feeding restriction is an interesting alternative to modulate the growth of 
broilers chicks at high altitudes, it has a beneficial effect on productive 
parameters, mortality and production costs, but the key to the application 
of these programs is the control over the variation of temperature during 
brooding as well as environmental quality in terms of ventilation.

Key Words: Broiler Production, Feed Restriction, Ascites Syndrome, 
Growing Modulation

P201 Utilization of the Maxi-Mil® program to enhance feed manu-
facturing profitability. Ferdie Nel, Simon Parker, Richard Oldman, Jose 
Ramirez, Dale Kotzur, Jim Wilson* Anitox Corporation, Lawrenceville, GA

The costs associated with feed manufacturing have been rising steadily as 
the cost of energy has increased. Moisture lost (shrink) during feed process-
ing can result in significant monetary losses. Feed manufacturers are in need 
of tools that can be used to help offset these rising energy costs and reduce 
shrink in order to assist them in improving their feed plant profitability. 
Ninety separate field studies were conducted in commercial feed mills over 
a two year time period. These studies were performed in the regions of Asia-
Pacific, Europe Middle East and Africa, Latin America, and North America. 
These studies were designed to test for improvements in feed manufacturing 
efficiency, pellet quality and ultimately profitability by using the Maxi-Mil® 
(MM) program. The MM program consists of specialized liquid applica-
tion equipment, the liquid product, and technical assistance. The MM liquid 
product is a combination of organic acids and a surfactant that is blended 
with water and applied into the mixer via the specialized application equip-
ment. For each field study the control data was collected using the feed mills 
normal manufacturing processes. The evaluation criteria for the control and 
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MM program were energy usage (kwh/ton), feed production rate (tons/hour), 
pellet durability index (PDI), percent fines, processing temperature change, 
delta T, and feed moisture. The data was averaged across all regions. Through 
the use of the MM program energy usage was decreased by 8.77% and the 
tons/hour was increased by an average of 7.60%. The pellet durability index 
was improved 3.82% while the fines were reduced by an average of 14.66% 
with the inclusion of the MM program. The feed processing temperature was 
able to be increased by 4.18%, the delta T was decreased by 39.63% and feed 
moisture retention was improved by an average of 42.11% by using the MM 
program. Based on the results of these studies feed manufacturing profitabil-
ity can be enhanced by using the MM program.

Key Words: Maxi-Mil®, Feed Manufacturing, Shrink, Pellet Durability In-
dex, Energy Usage

P202 Comparative growth response of different broiler genotypes and 
morphometric analysis F.J. Mussini*, S.D. Goodgame, C. Lu, C.D. Brad-
ley, S.M. Fiscus, P.W. Waldroup Poultry Science Department University of 
Arkansas, Fayetteville, AR

Intense genetic selection has significantly improved meat production in the 
last 50 years but this selection has altered the relative growth of different 
organs in the selected birds compared to the heritage lines that reflect the 
old broiler. In this study a Heritage line (HER) of New Hampshire x Colum-
bian WPR that had been maintained since the 1950’s was compared to three 
modern production lines (Ross 308, Ross 708 and a Test Product (TP) from 
Aviagen) for 8 weeks post hatch. One hundred and sixty two male birds of 
each line were randomly allocated to battery brooders. Each strain of birds 
had nine replications. Birds were fed diets that met average nutrient level in 
the U.S. poultry industry (Agri-stats, Fort Wayne IN). Feed and water was 
provided ad libitum. Every week, one bird per pen was killed and the relative 
weight of breast, leg, wing and internal organs were compared. The Ross 
308 had the highest body weight (BW) until 42 days; after that BW of Ross 
708 and TP was similar to Ross 308. The HER BW was lighter all through 
the experiment. Feed conversion was confounded due to the number of birds 
necropsied. Breast relative weight was significantly lighter for HER from 
day 7 to the end of the trial. The TP showed a heavier relative and absolute 
breast weight at day 56. Leg relative weight was lighter at 56 days for Ross 
708 and TP. Heart relative weight was significantly heavier in HER than in 
the modern lines from 28 days until the end of the experiment. Gizzard rela-
tive weight was significantly heavier in HER all along the experiment. When 
HER was compared with a modern line of the same weight, gizzard relative 
weight was still heavier than the modern one. Tibia diameter was smaller in 
modern lines than in HER when similar weight birds were compared. These 
data indicate that modern breeds have changed in different aspects from 
the older strains as a secondary effect to genetic selection. At the same time 
breast meat yield continues to increase with continuing selection.

Key Words: broiler genotypes, relative weight, breast meat, genetic selec-
tion

P203 Wet Feed Nutrition to Broiler Chickens Cristiane Araujo*1, Lucio 
Araujo2, Michael Kidd3 1University of Sao Paulo - Animal Production and 
Nutrition Department, Pirassununga, SP, Brazil, 2University of Sao Paulo 
- Animal Science Department, Pirassununga, SP, Brazil, 3University of Ar-
kansas, Fayetteville, AR

This study examined hatchery feeding of starter diets differing in moisture on 
live performance measurements up to 42d and processing measurements at 
43 d. Ross 708 chicks (1,800) were randomly distributed across 6 treatments 
representing a control (no feed), hatchery feed representing 450 g of a starter 
diet, or four treatments of a starter feed plus 45 mL, 90mL, 135 mL, and 180 
mL respectively, of potable water added to the crumbles 5 min before admin-
istration in the trays. Chicks received feed treatments in trays until placement 
(5 h of total tray feeding). After placement water and feed were provided 
ad libitum, and performance and carcass were measured. BW and FC were 
not affected by starter diet moisture at hatchery (P>0.05). In the same way, 

carcass, breast meat, and tender meat yield were not affected by dietary treat-
ments, but abdominal fat was lowest in straight-run broilers fed with start 
diet plus 180 mL water. In contrast, no differences were found among birds 
allocated on treatment control (no feed) and birds fed starter diet without 
water addition of water. However, birds fed start diet plus 180 mL showed 
highest carcass yield (P=0.047). These results demonstrated that birds can 
be impacted when receiving starter diet with different moisture at hatchery.

Key Words: Chick, Hatchery feeding

P204 Validating the Fung Double Tube for use with broiler chicken in-
testinal contents Miguel Barrios*SC, Jasdeep Saini, Christopher Rude, Scott 
Beyer, Daniel Fung Kansas State University, Manhattan, KS

Clostridium perfringens is Gram-positive, anaerobic, spore-forming bacte-
rium. C. perfringens is the causative agent of necrotic enteritis. This disease 
results in decreased feed efficiency and increased mortality in chickens. Ne-
crotic enteritis has been estimated to cost $2.6 billion to the poultry industry 
every year worldwide. C. perfringens is one of the most common causes of 
food borne illnesses in the United States infecting nearly one million people 
in the US every year. The purpose of this study was to validate the Fung Dou-
ble Tube (FDT) method to detect and enumerate C. perfringens in chicken 
intestinal contents. Eighteen broilers were selected and euthanized at 21 and 
42 days of age. The jejunum and ileum were harvested and inoculated into 
two methods and three different media arranged in a 2 x 3 factorial for a total 
of six treatments. The two methods were FDT and petri plates, and the three 
media consisted of: Shahidi Ferguson Perfringens (SFP) with egg supple-
ment, polymyxin B (p), and kanamycin (k) (E); SFP with p and k (P); and 
SFP with cycloserine (C). At 21 days of age, counts using media C with FDT 
(4.51 log colony-forming units, CFU/g) and plates (1.58 log CFU/g) were 
higher (P<0.05) than using medias E or P. At 42 days of age, there were no 
differences among plate treatments and media E had the highest counts (0.75 
log CFU/g). Out of all the FDT, media C (5.35 log CFU/g) had the highest 
counts, followed by media P (3.54 log CFU/g). The FDT has been shown to 
detect C. perfringens at similar and higher levels than petri plates. The Fung 
Double Tube method is effective, inexpensive, rapid, and selective providing 
a novel instrument to detect and enumerate C. perfringens. Therefore, this 
method should be implemented and further explored by laboratories around 
the world.

Key Words: Clostridium perfringens, Necrotic enteritis, Broiler, Fung dou-
ble tube

P205 Evaluation of selected plant extracts for anti-oxidant and anti-
inflammatory properties using tissue culture for quantification of ni-
trite Gopala Kallapura*SC, Olivia Faulkner, Alissa Piekarski, Kentu Lassiter, 
Neil Pumpford, Walter Bottje, Billy Hargis, Guillermo Tellez-Isaias Depart-
ment of Poultry Science, University of Arkansas, Fayetteville, AR

Four plant extracts - Cat’s claw (CC), black walnut (BW), Clove, and Senna 
were evaluated for their anti-inflammatory and anti-oxidant properties by 
measuring nitric oxide (NO) production in vitro. Nitric oxide is a free radi-
cal with cytotoxic effects that is produced during an inflammatory response. 
Nitrite (NO2

-) is an indirect measurement for NO and can be used to evaluate 
the anti-inflammatory and anti-oxidant properties of plant extracts. Lipopoly-
saccharide (LPS), or Gram negative bacteria cell wall components, stimulate 
macrophages and monocytes, or peripheral blood heterophils to produce 
NO2

- within 24- to 72-h. We have developed a rapid tissue culture method 
measuring increased NO2

- within 3 h of LPS stimulation in vitro in Salmonel-
la-challenged chicks. Ileal cross-sections (0.5 cm) were collected from chick-
ens that were challenged with 107 cfu/mL of S. Enteritidis continuously in the 
drinking water for three consecutive days. Explants were incubated with the 
plant extracts for 3 h and then stimulated with S. Enteritidis LPS. Nitrite was 
measured using the Griess reaction method and standards ranging from 1.25 
to 90 µM NaNO2. Ileal sections that were collected from S. Enteritidis chal-
lenged chickens and then LPS-stimulated in vitro produced 200µM NO2

-. 
CC, BW, and clove reduced NO2

- production to 70µM, 75µM and 100µM ni-
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trite, respectively (P<0.05). However, there was an increase in NO2
- produc-

tion in the Senna treated group. These results demonstrate the putative anti-
oxidant and anti-inflammatory properties of CC, BW, clove, and Senna plant 
extracts. This ileal tissue explant culture method quantifies NO2

- production 
attenuation by putative anti-inflammatory extracts as quickly as 3 h ex vivo, 
thereby providing a suitable screening model, potentially mimicking the GIT 
in vivo. Effects of these extracts on LPS-induced inflammatory responses in 
vivo have yet to be determined.

Key Words: inflammation, nitric oxide assay, plant extract, tissue culture

P206 A rapid in vitro method for visualization of lactic acid bacteria 
attachment to enteric mucosal cells Lisa Bielke*, Courtney Kremer, Ol-
ivia Faulkner, Guillermo Tellez-Isaias, Billy Hargis University of Arkansas, 
Fayetteville, AR

Carboxyfluorescein diacetate succinimidyl ester (CFDA-SE) is an intracel-
lular vital dye that fluoresces only in live cells, potentially allowing micro-
scopic adhesion to enteric mucosal cells. Lactobacillus salivarus (LS) was 
stained with CFDA-SE and evaluated for in vitro ability to adhere to mu-
cosal epithelial explants in vitro. In experiment 1, an overnight LS culture 
was combined with 0.1, 0.33, or 1 mM concentrations of CFDA-SE. Each 
concentration was incubated in fresh media with or without shaking for 2 
h. After incubation, cells were washed to remove unabsorbed CFDA-SE 
and observed under UV light microscope for evaluation of fluorescence and 
background. LS combined with 1 mM CFDA-SE and incubated on a shaker 
provided the highest fluorescence with little background. This method was 
used to prepare a culture for experiment 2, in which CFDA-SE LS cells were 
combined with mucosal explants from the crop and ileum of neonatal chicks. 
Explants, consisting of epithelial or villus sheets, were immediately placed in 
cell culture medium, combined with CFDA-SE LS, and incubated at 37 C. 
Adhesion of stained LS to cells of explants were qualitatively observed at 0, 
1, 6, and 24 h. At 0 h, LS adhered to cells of the crop, however, the number of 
LS observed in association with explants decreased throughout the 24 h pe-
riod. Adherence of LS to ileal explants gradually increased through 6 h, with 
a substantial decrease at 24 h. Since CFDA-SE does not replicate, the 24 h 
decrease may be due to lower concentrations as a result of dilution by binary 
fission. This low-cost technique may provide for a rapid in vitro method for 
identifying beneficial probiotic candidates or screening for compounds that 
may interfere with pathogen binding.

Key Words: probiotic, gastrointestinal, adhesion, Lactobacillus, fluores-
cence

P207 In ovo supplementation of Primalac and the effects on perfor-
mance and innate immunity genes in broiler chicks Tiffany Bell*1SC, 
Chasity Cox1, Lindsay Sumners1, Sungwon Kim1, Mark Young2, Rami 
Dalloul1 1Virginia Tech, Blackburg, VA, 2Star Labs/Forage Research Inc., 
Clarksdale, MO

Probiotics are live, nonpathogenic microorganisms known to have a positive 
effect on the host by improving the natural balance of gut microflora. The ob-
jective of this study was to determine the effects of administering probiotics 
(Primalac) in ovo on broiler chick hatchability, and post-hatch performance 
and intestinal immune-related gene expression. At embryonic day 18, 360 
eggs were injected with PBS (sham), 1x105, 1x106, or 1x107 (P1, P2, and 
P3 respectively) probiotic bacteria. Another 90 eggs remained uninjected to 
serve as a negative control. On day of hatch (DOH), birds were individu-
ally tagged, placed into floor pens, and provided water and standard starter 
feed ad libitum. Measurements and ileal samples were taken on DOH and 
days 4, 6, 8, 15, and 22. No significant differences were seen among groups 
for hatchability, cumulative body weight gain, or feed intake; however, body 
weight of P2 was significantly higher than that of the negative control on 
day 6. On DOH, Toll-like receptor (TLR) 2 expression was upregulated in 
the ileum of all supplemented birds. TLR2 expression was downregulated 
on day 6 in the P3 group only when compared to the negative control, but 
was upregulated by day 22 in this group and on day 8 in the P1 and P2 birds. 

While TLR4 expression was downregulated on day 6 in P1 birds, its expres-
sion was enhanced on DOH and day 22 in P3, and on day 8 in P1 and P2 
groups. Inducible nitric oxide synthase (iNOS) expression was augmented in 
P3 on DOH but downregulated on day 6 in all groups when compared to the 
negative control. Expression of iNOS was enhanced in the sham, P1, and P2 
groups on day 8 and in the P3 group on day 22. Trefoil factor family 2 (TFF2) 
expression was decreased in P1 and P3 chicks on day 6, but upregulated in 
P1 and P2 birds on day 8 and the P3 group on day 22. Taken together, these 
results indicate that in ovo supplementation of the probiotic product Primalac 
does not impact hatchability, and modulates ileal gene expression possibly an 
indication of a primed innate immune system.

Key Words: probiotics, chicken, innate, immunity, in ovo

P208 The effect of Bacillus subtilis on mucosa immune response of 
broilers challenged with Salmonella Minnesota Larissa Pickler*, Mariana 
Lourenço, Leonardo Miglino, Eduardo Muniz, Antônio Leonardo Kraieski, 
Elizabeth Santin Federal University of Parana, Curitiba, Parana, Brazil

The aim of the study was to evaluate the effect of Bacillus subtilis on mu-
cosa immune response in broilers challenged with Salmonella Minnesota 
(SM). Forty birds from 1-35 days were randomly assigned to 2 treatments: 
Control and Control + B. subtilis (2.13 x 106 CFU/g of feed) (Gallipro®, 
Chr. Hansen A/S). At 15 days of age, all birds were orally challenged with a 
Salmonella Minnesota 108 CFU per bird. At 7 and 35 days of age 5 birds per 
treatment were euthanized and cecum was aseptically collected for Salmo-
nella analysis and enumeration of goblet cells, CD4+ and CD8+ cells. For the 
statistical analysis, Salmonella colony counts were Log 10 transformed, and 
for goblet cells, CD4+ and CD8+ cell count ten microscopical squares were 
used. The results were analyzed by ANOVA (P<0.05) and Fisher’s exact test. 
At 7 days of age, cecum of the control group showed lower number of goblet 
cells and CD4+ cells (10.30&plusmn;2.34; 8.30&plusmn;3.30) compared 
to the B. subtillis group (15.70&plusmn;2.54; 13.00&plusmn;4.52). There 
was no significant difference in the count of CD8+ cells. At 35 days of age, 
there were no significant differences between the treatments in goblet cell 
and CD4+ cell count, but CD8+ cell count was statistically higher in the ce-
cum of the control group (21.90&plusmn;5.68) compared to the B. subtillis 
group (13.10&plusmn;4.22). B. subtillis in the diet reduced the excretion of 
Salmonella in cecum significantly at 35 days of age (1.63 &plusmn; 1.10) 
compared to the positive control group (4.30&plusmn;4.28). The results sug-
gested that at 7 days of age, before SM challenge, B. subtillis resulted in in-
creased expression of goblet cells and CD4+ cells, representing an activation 
of immunity. After challenge with SM there was an increase in the expression 
of CD8+ cells in the cecum of birds that did not receive probiotics. The above 
findings suggest that there is a direct relationship between the increase in the 
specific cellular immunity in birds fed probiotics and the presence of SM.

Key Words: B. subtilis, Salmonella count, chicken, microbiology, probiotics

P209 Bacillus subtilis significantly reduces Salmonella Minnesota in 
broilers and in the surrounding environment Larissa Pickler*, Mariana 
Lourenço, Leonardo Miglino, Leandro Kuritza, Patrick Westphal, Eduardo 
Muniz, Elizabeth Santin Federal University of Parana, Curitiba, Parana, 
Brazil

The aim of the study was to evaluate the ability of Bacillus subtilis to control 
Salmonella Minnesota in broiler chickens and in the surrounding environ-
ment. Forty birds from 1-35 days of age were randomly assigned to 2 treat-
ments: Control and Control + B. subtilis (2.13 x 106 CFU/g of feed) (Gal-
liPro®, Chr. Hansen A/S). At 15 days of age, all birds were orally challenged 
with Salmonella Minnesota 108 CFU per bird. Cloacal swabs were collected 
48 hours after inoculation. At 35 days of age, 10 birds per treatment were 
euthanized and necropsied and the crop and cecum were aseptically col-
lected. The environmental sampling was performed by collecting drag swabs 
from all pens on day 21 and 35 of age. All samples were analyzed for total 
Salmonella colony count. For statistical analysis, Salmonella colony counts 
were Log 10 transformed and the results were analyzed by ANOVA (P<0.05) 
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and Fisher’s exact test. The addition of B. subtilis significantly reduced the 
total Salmonella count by 3.4 log units in cloacal swabs 48 h after inocula-
tion compared to the control group (0.6±0.55 and 3.95±2.24 respectively). 
In the cecum, B. subtilis significantly reduced Salmonella count by 2.7 log 
units at 35 days of age compared to control group (1.63±1.10 and 4.30±4.28). 
Furthermore B. subtilis significantly reduced the Salmonella counts in the 
environment compared to the control group by 1.7 log units at 21 days (1.00 
± 0.00 and 4.30 ± 0.07) and by 1.6 log units at 35 days (2.85 ± 0.08 and 
3.60 ± 0.22). The above findings suggest that B. subtilis has the ability to 
effectively reduce the level of Salmonella colonization both in the bird and 
in the surrounding environment thereby potentially reducing the risk of infec-
tion between the birds and decreasing the amount of Salmonella entering the 
slaughterhouse, thus potentially improving food safety.

Key Words: B. subtilis, Salmonella count, chicken, microbiology, probiotics

P210 Development of a Real Time PCR for Salmonella gallinarum 
detection in Mexican poultry Julieta Ramirez*, Emilio Venegas, Joaquin 
Delgadillo, Gerogina Robles, R Cruz National Center of Diagnostic Ser-
vices in Animal Health. Laboratory Biosafety Level 2 of Molecular Biology. 
SENASICA – SAGARPA, Tecamac de Villanueva, Estado de Mèxico, Mexico

Salmonella gallinarum is the causative agent of salmonellosis in hens and 
responsible for economic losses in many countries. For the detection of this 
serotype in the past and even today are used classical methods like bacte-
riological isolation and serology the identification require several weeks 
to get a result. A real time PCR was developed in the Laboratory Bio-
safety Level 2 of Molecular Biology (BSL-2) of The National Center of 
Diagnostic Services in Animal health (CENASA in spanish) This labora-
tory belongs to SENASICA- SAGARPA. For the design of the probe and 
primes was used as reference gene RFBs, specific to Salmonella group 
D, which in it´s sequence shows a polymorphism that distinguishes Sal-
monella serotype S. gallinarum from the other serotypes of the D group.  
The results of this study showed that this technique can detect the DNA be-
tween 10 and 100 bacteria in tissue samples and at least 1 pg of genomic 
DNA. Based on these results, this test can be considered as an effective mo-
lecular tool for rapid detection and differentiation of Salmonella gallinarum 
from other Salmonella serotypes, with the advantage that it is possible to 
detect low concentrations of bacterial DNA in tissues and swabs samples.

Key Words: salmonella gallinarum, Real time PCR, Genomic DNA, Detec-
tion, Bacteria

P211 Effect of hyperimmune egg yolk immunoglobulin Y in Broiler 
chickens Nancy Christy*, Daniel Marrufo Investigación Aplicada S.A. de 
C.V., Puebla, Tehuacan, Mexico

Avian coccidiosis is an intestinal disease caused by several distinct species 
of Eimeria protozoa and is the most economically significant parasitic infec-
tion of the poultry industry worldwide. Different control methods are needed 
due to increasing concerns with drug use and high cost of vaccines, the use 
of the hyperimmune egg yolk immunoglobulin Y as an alternative control 
is the passive immunization using hyperimmune, parasite specific antibod-
ies. In this study 69,000 broilers were fed during 5 weeks a normal standard 
diet with this hyperimmune IgY antibodies and supplemented with the same 
hyperimmune igY antiboidies in water during the third week. Body weights 
gains and oocyst numbers were measured. In this study, the protective ef-
fect of oral IgY from eggs of hens hyperimmunized with mixed Eimeria 
oocysts was evaluated on experimental coccidiosis. After the administration 
broilers exhibited increased body weight gains, 40 grams compared with the 
historical weights in the same farm and after the third week reduced fecal 
oocyst shedding. there was not a coccidiosis problem in the farm. This study 
demonstrated beneficial effect of using an immune enhancing supplement 
like hyperimmune IgY antibodies to passively provide significant protection 
against avian coccidiosis.

Key Words: Avian coccidiosis, Eimeria, Hyperimmune egg yolk, Immuno-
globulin Y

P212 Comparison of two differents Newcastle vaccines formulated 
with Genotype II and Genotype V virus in Broilers Nancy Christy*, Dan-
iel Marrufo Investigación Aplicada S.A. de C.V., Puebla, Tehuacan, Mexico

Virulent Newcastle disease isolates in the last years in Mexico are of the same 
serotype but a different genotype than current vaccine strains. The aim of this 
study was to evaluate the viral shedding following vaccination with inactivat-
ed and live Newcastle vaccines formulated with Genotype II and Genotype 
V in the same farm, under the same conditions. Published experiments with a 
homologous vaccine show less virus shed compared with heterologous vac-
cines. For all the farm broilers were either subcutaneously vaccinated with 
0.5 ml of the inactivated vaccine and given 100 µl of a live vaccine into the 
eye at 8 days of age, the difference was the strain in the vaccine, 30,000 broil-
ers received a vaccines formulated with LaSota (Genotype II) and 20,000 
broilers were vaccinated with Genotype V. Genotype V virus, is a representa-
tive isolate of the outbreak of Newcastle in Mexico in 2005.  Oropharyngeal 
swabs were collected 3 and 7 days PV and broilers were monitored daily 
for clinical signs and death. All the broilers showed a PV reaction after ap-
plication of the live vaccine, some broilers vaccinated with LaSota showed 
a higher reaction in comparison with the other group. LaSota and Genotype 
V vaccine virus were recovered four and seven days PV from oropharyn-
geal swabs, four days PV with 106.19 in Genotype V vaccinated broilers and 
106.25 with LaSota vaccine. At 7 days PV the Genotype V group (negative) 
reduced the amount of virus shed in oropharingeal swabs when compared to 
the LaSota group (106.26). Results negative 7 days PV showed the ability of 
homologous vaccines to reduce virus shed in comparison with heterologous 
vaccines.  Genotype V virus continues to circulate in Mexico, homologous 
vaccines provide protection and may be useful to decrease the amount of 
virus shed.

Key Words: Newcastle disease

P213 Infrared thermography applied to the evaluation of metabolic 
heat loss of chicks fed with different energy densities Irenilza de Alencar 
Naas*, Viviane Maria Oliveira dos Santos Ferreira, Fabiana Ribeiro Caldara, 
Rodrigo Garófallo Garcia, Ibiara Correia de Lima Almeida Paz Universi-
dade Federal da Grande Dourados, Dourados, Mato Grosso do Sul, Brazil

Brazil must comply with international quality standards and animal welfare 
requirements in order to maintain its position as world’s largest exporter of 
poultry meat. With the scenario of global climate change there is the forecast 
of occurrence of extreme events with characteristics of both excess cold and 
heat for several regions of the country. This study aimed to evaluate the ef-
fectiveness of using images of infrared thermography to evaluate the loss of 
sensible heat in young broilers fed different dietary energy levels. Twenty 
birds were reared in a house with appropriate brooding using infrared lamps. 
Birds were distributed in a completely randomized experimental into two 
treatments: T1 (control diet with 2950 kcal ME/kg-1), and T2 (high-energy 
diet with 3950 kcal ME/kg-1). Infrared thermographic images of the birds 
were recorded for four consecutive days. One bird was randomly chosen 
per treatment, and had special images taken and analyzed. Average surface 
temperature of the body area was calculated using the surface temperature 
recorded at 100 spots (50 at the front and 50 at the lateral side of the bird’s 
body). Mean surface temperature of the flock was calculated recording 100 
spots on the group of birds. Total radiant heat loss was calculated based on 
the average data of surface temperature. The results indicated that the young 
broilers fed the high-energy diet presented a metabolic energy loss equivalent 
to 0.64 kcal h-1, while the birds fed with the control diet lost 2.18 kcal h-1. 
This finding confirms that oil supplementation to the diet reduces bird heat 
loss. The infrared camera was able to record young broilers’ surface tempera-
ture variation when birds were fed diets with different energy contents.

Key Words: metabolic heat, Infrared thermography, chicks, surface tem-
perature, dietary energy levels
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P214 Field evaluation of a protected combination of sodium butyr-
ate and essential oils (Natesse®) Juan José Mallo*, Mónica Puyalto, 
Iván Kis Norel S.A., Madrid, Spain

Sodium butyrate is a contrasted growth promoter and regulator of the 
intestinal microflora, its combination with essential oils improve those 
effects, due to the synergy between those active principles. However, 
for both compounds to work appropriately, it is necessary to ensure that 
a part of them can reach the distal parts of the gastrointestinal tract, and 
this can be done with vegetable fat; the part of the active substances that 
is protected with the fat is released only after it is digested. The ben-
efits of the combination of sodium butyrate and essential oils protected 
with vegetable fats (Natesse®) on animal health (immune response, re-
sistance to necrotic enteritis, etc.) has been described in the literature, 
but the effect that it has on practical zootechnical parameters is not so 
well referenced. The aim of the study was to evaluate the effects that 
Natesse® has on the production of broiler chickens in a field trial. One 
farm with two buildings of 1.800 m2 each was used for the trial. In the 
control building, 34.480 broilers were allocated at the beginning of the 
trial, with a density of 19’15 broilers per m2; these broilers received 
the normal starter-finisher feeding program used by the integrator. In 
the experimental building, a total of 35.740 broilers were allocated for 
the trial, with a 3’65% higher density (19’85 broilers per m2). These 
animals received the same feeding program as the control animals with 
the addition on top of Natesse ® at 1 kg/ton of feed in the starter feed 
and at 0’5 kg/ton of feed in the finisher feed. The animals in the control 
group were sent to the slaughterhouse at day 41’08, with an average 
final body weight of 2.336 g. The animals in the experimental group 
were sent to the slaughterhouse with 2.371 g of body weight (1’49% 
higher than control) at day 40’76 (0’77% less time). The feed conver-
sion ratio of the control group was 1’852, 14 grams worst (0’76%) than 
the FCR of the experimental group, 1’838. There were differences in 
mortality as well, the control group had a mortality of 6’27%, and the 
experimental group had 6’69% less mortality, 5’85%. A total of 75.485 
kg of broiler were sent to the slaughterhouse from the control building, 
whilst a 5’67% more was sent from the experimental group, 79.770 
kg. The combination of these differences produced a better European 
Production Efficiency Factor of the experimental group, 298, 3’54% 
better than the control group EPEF, 288. It is concluded that the use of 
Natesse® on broiler feeds improves growth, reduces FCR, decreases 
mortality of the animals and produces better EPEF in broiler flocks.

Key Words: Natesse, Sodium butyrate, Essential oils, Broilers, Field 
trial

P215 An improved procedure for enumeration of Clostridia from 
Feeds Lenka Derome*, Lenka Guarino, Julio L Pimentel, Kurt Rich-
ardson, Don Wilson Anitox, Lawrenceville GA

Feed has been reported as a vector to Clostridia transmission to the 
animal. Enumeration of Clostridia using the Bacteriological Analyti-
cal Manual (BAM) procedure resulted in a high degree of variation 
within replicate samples analyzed on the same day (CV= 25%) and 
within replicate samples analyzed on separate days (CV = 19%). This 
variation was associated with an agglutination of viable clostridial cells 
during the mixing/suspension stage of the analysis. Trehalose, malto-
dextrin and Tween-80 were evaluated to determine if the agglutination 
effect could be overcome. In the first study, the addition of trehalose at 
0.1% or maltodextrin at 0.1% or 1.0% to peptone water improved the 
recovery of clostridia and decreased the variation within repetitions. 
In the second study, three concentrations of Tween 80 (.001%, .01% 
and .1%) were added to peptone water. The addition of 0.1% tween-80 
improved the recovery of clostridia and decrease the variability from 
70% to 7.5%. In the third study, 0.1% of trehalose, maltodextrin and 

tween-80 were added to peptone water maltodextrin resulted in higher 
average Clostridia recovery but with higher variability than Tween-80, 
31% as compared to 17% respectively. The weekly variation by using 
0.1% Tween-80 was 4% in the first week and 8% in the second week 
of testing.

Key Words: clostridia enumeration, tween-80, trehalose, maltodextrin

P216 Production characteristics of Hy-Line W36 laying hens 
hatched from white and discolored eggs E.J. Kim*, J.L. Purswell, 
J.D. Evans, S.L. Branton ARS-USDA Poultry Research Unit, Missis-
sippi State, MS

Eggshell color can greatly influence visual appeal of table eggs and 
within the U.S., table eggs are normally sorted and marked according 
to eggshell color to maximize consumer appeal. Recently, table egg pro-
ducers noted the presence of “off- color” or discolored (DC) eggs de-
rived from breeder hens. Concern was expressed as to whether hatching 
these DC eggs would result in commercial pullets that could produce 
DC eggs and differ in production characteristics from birds hatched from 
non-discolored (NDC) eggs. Therefore, the objectiven of this study was 
to determine the production characteristics of laying hens hatched from 
different colored eggs. Hy-Line W36 eggs were obtained from a com-
mercial hatchery. Eggs were tested for color using a Minolta colorimeter 
prior to incubation. Color was tested against a “true” white (L=100, a=0, 
b=0) and eggs closest to white were placed into a NDC group and eggs 
farthest from true white were placed into a DC group. Treatment groups 
were placed into separate hatching trays. On d 1, birds from each treat-
ment group were individually wing-banded and recorded. At 18 weeks, 
pullets were randomly allocated into cages, based on their treatment 
groups. Birds were placed into individual cages, split amongst 4 identical 
rooms, each room containing 80 cages. Five consecutive cages consisted 
of a replicate. Each treatment was replicated 24 times throughout the four 
rooms for a total of 120 birds per treatment. Birds were fed a nutritionally 
complete layer diet. A production trial was conducted from 18-34 wks 
of age. Birds were weighed every 4 weeks until completion. An aver-
age weekly egg production was calculated. Feed intake (FI), egg weights 
(EW), and egg color was analyzed biweekly. Birds hatched from DC eggs 
had significantly increased BW, FI, and hen-day egg production when 
compared to the NDC treatment. Eggshell color was also found to be 
significantly different for the NDC and DC groups with DC eggs being 
significantly further from true white. Selection of progeny based on egg-
shell color may be a criterion for white egg layers as layers hatched from 
DC eggs resulted in more off-color eggs, which may affect consumer 
preferences for buying white table eggs.

Key Words: laying hens, egg production, eggshell color

P217 Evaluation of the adjuvant properties of chitosan in combi-
nation with a Salmonella enteritidis bacterin Srichaitanya Shivara-
maiah*, Neil Pumford, Marion Morgan, Amanda Wolfenden, Guillermo 
Tellez, Billy Hargis University of Arkansas, Fayetteville, AR

Chitosan is a linear polysaccharide and is an important component of 
the exoskeleton of crustaceans. It has a number of uses in agriculture, 
biomedical, industrial and food processing industries. Presently, we 
evaluated the effect of chitosan, either alone, or with specific modifica-
tions as adjuvants for enhancing mucosal IgA, serum IgG and Salmo-
nella clearance when administered with a Salmonella enteritidis (SE) 
bacterin. Day-of-hatch broiler chicks were randomly neck-tagged and 
divided into the following groups: 1) Control; 2) Chitosan; 3) Chito-
san + Heat labile enterotoxin from E. coli; 4) Chitosan + B-sub unit of 
cholera toxin; 5) Chitosan + Lipid A from Salmonella; 6) a proprietary 
modification of chitosan V1; 7) a proprietary modification of chitosan 
V2; 8) Chitosan DW and 9) Chitosan + saponin. Groups 2-9 received 
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0.25mL of SE bacterin mixed with the respective adjuvant subcutane-
ously, while group 1 was sham treated with PBS. All immunized chicks 
were boosted with the same vaccine at 12d of age by oral gavage, ex-
cept group 8, which received the vaccine in drinking water. At 19d of 
age, all chicks were challenged with a 0.5mL solution of SE containing 
5 X107 cfu. Blood samples and ileal mucosal samples were taken at 12, 
19, 22 and 26d of age (N= 12/trt) for determination of IgG or IgA re-
spectively. Additionally, ceca samples for enumeration of SE and liver/
spleen (L/S) and cecal tonsils (CT) for percent recovery of SE were 
taken at 22 and 26d of age. Data were analyzed by performing ANOVA 
with the post-hoc Duncan’s test using SAS and means were deemed to 
be significant at p < 0.05. At all time-points, IgG and IgA titers were 
higher either significantly or numerically in groups 2, 6, 7, and 8. Ad-
ditionally, percent recovery of SE from L/S and CT were significantly 
lower in these groups when compared to control. This is preliminary 
evidence that specific modifications of chitosan may improve vaccine 
efficacy.

Key Words: Salmonella, chitosan, adjuvant, mucosal, vaccine

P218 Palatability of Tannin-rich Sericea Lespedeza fed to broilers Jon-
athan Moyle*1, Joan Burke2, Anne Fanatico3, Komala Arsi4, Ixchel Reyes-
Herrera4, Dan Donoghue4, Anne Wooming4, Annie Donoghue1 1Poultry 
Production and Product Safety Research Unit, USDA-ARS, Fayetteville, AR, 
2Dale Bumpers Small Farms Research Center, Booneville, AR  3The Good-
night Family Sustainable Development Program, Appalachian State Univer-
sity, Boone, NC, 4The University of Arkansas, Fayetteville, AR

As parasites become resistant to available medications new methods of 
control are needed. New drugs take a long time to develop in addition 
to being expensive; therefore, there is increasing interest in finding and 
using natural alternatives. Additionally, natural remedies are needed for 
the organic sector as man-made drugs are not allowed and birds with 
outdoor access are likely to encounter parasites. Sericea Lespedeza (SL, 
Lespedeza cuneata) is a common perennial deciduous legume found in 
pastures across the southern US that has been shown to be effective at 
controlling parasitic nematodes in small ruminants due to its condensed 
tannins content. Diets that are high in condensed tannins are often unpal-
atable to poultry. Therefore to determine its potential in controlling para-
sites in poultry, SL was added to a standard broiler feed to mimic birds 
with outdoor access consuming SL. Diets were diluted with 0% (C), 5% 
(SL5), 10% (SL10) or 20% (SL20) SL, and fed from hatch until harvest 
at six weeks of age. Male broilers (n=80) were divided into groups of ten 
and fed one of the four diets in replicate. Dilution of the diet with SL had 
negative effects of body weights at levels higher than 5%. Body weights 
were 2,002g, 1,959g, 1,721g, and 1,521g respectively (P<0.05). At the 
conclusion of the trial birds fed 20% had digestive organs that were a 
larger percent of body weight than birds receiving no SL. Feed conver-
sion was higher in SL20 (2.31) than in C (1.63). Palatability did not ap-
pear to be a problem in feeding SL to chickens as all treatment groups 
consumed a similar amount of feed, and therefore follow-up studies will 
evaluate the effects of SL on parasite control. Funded in part by grants 
from SARE #LS10-226 and SBIR #2011-33610-30836.

Key Words: Sericea Lespedeza, Broilers, Parasites

P219 Furazolidone-induced cardiomyopathy in broiler chick-
ens Samuel Nahashon*1, Thea Boatswain2 1Department of Agricul-
tural Sciences, Tennessee State University, Nashville, TN, 2Tennessee 
State University, Nashville, TN

Dilated Cardiomyopathy (DCM) is a heart disease associated with rap-
id growth, high metabolic processes and mortality in poultry. Little is 
known of the causes of DCM in chickens (Gallus domesticus). Hence, 
the objective of this study was to develop a model for future studies 

of DCM in chickens. Broiler males (n=280) were individually weighed 
and randomly assigned to experimental diets containing 0, 200, 400, 500, 
600 and 700 parts per million (ppm) furazolidone. The diets comprised 
3,200 and 3,275 kcal ME/kg, and 20 and 23% CP at 0-3 and 4-8 weeks 
of age (WOA), respectively. The diets were replicated four times and 
feed and water were provided at free choice. Mortality was recorded as 
it occurred and body weights (BW) and feed consumption (FC) were 
measured weekly. At 8 WOA, blood serum was obtained from 20% of 
birds from each treatment and analyzed for metabolic profiles. The birds 
were sacrificed and heart, liver, spleen, gall bladder and abdominal fat 
(AF) were excised and weighed. Feeding 200-700 ppm furazolidone did 
not change FC, BW gain, feed conversion ratios and organ weights of 
broilers. However, weight of AF was lower (P<0.05) and the hearts ex-
hibited dilated left ventricular chambers in birds fed furazolidone at 500-
700 ppm. Serum glutamic oxaloacetic transaminase was elevated while 
glucose and bilirubin levels were decreased in birds fed diets containing 
furazolidone. These changes in morphology of the heart and metabolic 
indices are associated with DCM; hence the condition was successfully 
induced in broilers by feeding 500-700 ppm furazolidone.

Key Words: Cardiomyopathy, poultry, chickens, furazolidone

P220 Effect of Environmental Temperature Variation During the 
Brooding Period on the Performance of Broiler Chicks Diego 
Rodriguez-Saldaña*1, Jose Arce2, Ernesto Avila3, Carlos Lopez-Coel-
lo3 1Balanceados El Granjero, Cuenca, Azuay, Ecuador, 2Universidad 
Michoacana de San Nicolas de Hidalgo, Morelia, Michoacan, Mexico, 
3Dpto. de Medicina y Zootecnia de Aves, FMVZ, UNAM, Mexico City, 
Distrito Federal, Mexico

The objective was to evaluate the effect of the internal temperature variation, 
minimum temperature (MinT), maximum (MaxT), medium (MedT), operat-
ing (OT), and the coefficient of variation (CV), on body weight (BW), feed 
intake (FI), feed conversion (FCR) and the mortality rate (M) in broilers. 
There were used 2800 broiler chicks (Ross 308) and were maintained until 
21 days of age, randomly alloted into two treatments with different CV of the 
internal temperatures (12% vs 21%), each treatment had 14 repetitions of 100 
birds. Each treatment had 3 digital thermometers located at the height of the 
birds, which were set to record the temperature every hour. For the lower CV 
environment, the results indicate a better BW (P<0.01) (730 vs. 658 g.) and 
a lower OT (31, 30 and 30.8 vs. 34, 33.2 and 33.7º C during the 1st, 2nd and 
3rd week respectively in each treatment), the better BW could be influenced 
by the FI (P<0.01) from each treatment (1123 vs. 1034 g.), while there were 
not statistical differences (P<0.05) for the FCR and for the M rate. We con-
clude that maintain temperatures with CV below 12% during brooding, helps 
to express the genetic potential of broilers.

Key Words: Broiler Production, Environmental Management, Brood-
ing Temperature Variation

P221 Type of litter and incidence of carcass lesions in broilers 
chickens Irenilza de Alencar Naas*, Rodrigo Garófallo Garcia, Ibiara 
Correia de Lima Almeida Paz, Fabiana Ribeiro Caldara, Leonardo Wil-
lian de Freitas, João Dimas Graciano, Silvana Simm, Ana Flávia Basso 
Royer, Rodrigo Borille, Nilsa Duarte da Silva Lima Universidade Fed-
eral da Grande Dourados, Dourados, Mato Grosso do Sul, Brazil

The aim of this study was to evaluate the litter compaction, the broiler 
feathering and the incidence of carcass injuries of broilers reared on differ-
ent types of bedding. In the experiment there were used 2592 one-day old 
Ross® chicks selected by sex and distributed in a randomized factorial (2 
x 6, two genders), and six substrates as litter (wood shavings, rice husks, 
chopped Napier grass, 50% sugar cane bagasse plus 50% wood shavings, 
50% sugar cane bagasse plus 50% rice husks, and pure sugar cane bagasse). 
Litter compaction was assessed weekly using a penetrometer. At days 21, 
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35 and 42 the broilers’ feathering at the back and the legs was evaluated by 
given scores from 0 to 10, according to the degree of feathering. At 42 days 
of growth the birds were slaughtered and the presence of bruises, scratches 
and footpad lesions were assessed. The type of litter did not influence the 
incidence on the number of lesions. The highest incidence of footpad lesion 
occurred in birds reared on the Napier grass bedding, while the lowest in-
cidence took place in those birds reared on the wood shavings. The gender 
presented significant influence in the incidence of dermatitis and footpad 
lesions, and the male broilers were mostly affected.

Key Words: broiler chickens, carcass quality, carcass lesion, litter, car-
cass injuries

P222 Choosing the most appropriate bedding material for broiler 
production using multicriterial analysis Irenilza de Alencar Naas*, 
Rodrigo Garófallo Garcia, Ibiara Correia de Lima Almeida Paz, Fabi-
ana Ribeiro Caldara, João Dimas Graciano, Rodrigo Borille, Ana Flávia 
Basso Royer Universidade Federal da Grande Dourados, Dourados, 
Mato Grosso do Sul, Brazil

This study aimed to select the most appropriate bedding material for use 
in broiler production and it was based on data from a research which 
studied the effect of bedding materials in broiler carcass quality, using six 
distinct types of bedding material. The analytical hierarchy process was 
applied by adopting selected criteria in accordance to the most important 
characteristics required by broiler producers. Weights were given to the 
criteria and a pair wise comparison was done. Results showed that wood 
shaving was the best alternative (28.3%), followed by rice husk (24.3%) 
and by chopped Napier grass (Pennisetum pupureum) (13.3%).

Key Words: multicriterial analysis, analytic hierarchy process, alterna-
tive bedding material, broiler, management

P223 Which is the most adequate bedding material for broiler chick-
en production in brazil? Irenilza de Alencar Naas*, Rodrigo Garófallo 
Garcia, Ibiara Correia de Lima Almeida Paz, Fabiana Ribeiro Caldara, 
Viviane Maria Oliveira dos Santos Ferreira, João Dimas Graciano, Leon-
ardo Willian de Freitas, Nilsa Duarte da Silva Lima, Rodrigo Borille, 
Ana Flávia Bssso Royer Universidade Federal da Grande Dourados, 
Dourados, Mato Grosso do Sul, Brazil

Broiler chicken production is widely dispersed across the globe, and an im-
portant issue for growers is the selection of adequate bedding, as the substrate 
availability and price of the material varies within the production country 
and from one region to another. This study aimed to apply a multiple criteria 
analysis approach to select the most appropriate bedding material for use in 
broiler production. Based on research data and growers’ knowledge, the most 
desirable characteristics of a litter material were chosen as the main criteria. 
The analytical hierarchy process (AHP) was applied for selecting the most 
suitable bedding material. Validation was performed using data from previ-
ous research on the effects of distinct types of bedding materials on broiler 
carcass quality in central western Brazil. Considering the selected criteria, 
various bedding materials were tested and ranked, and the results showed that 
bedding made from wood shavings was the best option (weight = 0.28), fol-
lowed by rice husks (weight = 0.24). All other tested alternatives had lower 
scores and were therefore not prioritized for use. The AHP approach was 
found to be an efficient tool for providing a means of selecting the most ap-
propriate litter material under a specific scenario.

Key Words: alternative bedding material, broiler production, multiple 
criteria analysis, AHP, Litter

P224 Effect of Nipple Drinker Height on Productive Parameters of 
Broiler chickens Carolina Quichimbo*, Jose A. Quintana, Diego Rodri-
guez, Carlos Lopez, Sergio Gomez2, Francisco Castellanos Universidad 
Nacional Autonoma de Mexico, Mexico D. F. Mexico

Two treatments were assessed: 1) low drinker height (the bird does not 
stretch its neck and drinks by the side of the beak); and 2) higher height 
(the bird stretches its neck, lifts its chest and drinks with the point of its 
beak). The study had 5 repetitions of 7 birds each, using a total of 35 
Ross 308 line males. Nipple drinker height was adjusted twice a week 
based upon visual observation of birds while drinking and drinking water 
temperature was kept between 17 and 20 °C. Handling and lodging were 
based on broiler chicken recommendations; photoperiod was natural and 
population density was 10 birds per m2. Variables were recorded weekly. 
At 42 days of age there was a numeric difference between treatments. 
Body weight, with lower drinker height, was 57 g heavier in relation to 
the other treatment, 2.776 Kg and 2.719 Kg (p=0.33); conversion index 
among groups was determined between 1.47 lower nipple drinker and 
1.53 the higher one (p=0.11). Accumulated mortality, for the lower drink-
er treatment was 11.4% and 25.7% for the higher drinker (P<0.05); in the 
second group most of the birds died due to ascites. Final uniformity of the 
birds was 90.40% for the lower treatment and 78.80% for the higher one; 
variation coefficient was 6.3 and 8.4 respectively. Also, accumulated av-
erage water consumption per bird was estimated for the lower treatment 
in 3.05 liters/bird and for the higher one, 2.70 liters/bird. Results sug-
gest that nipple height does not affect productive parameter, nevertheless, 
with a lower height the bird has easier access to water, therefore it is less 
stressful and consumption is higher, which is very important where heat 
conditions require availability and free access to fresh water.

Key Words: Broiler, Niple, Producive parameters, Drinker

P225 Effect of perches during pullet rearing on bone and muscle 
traits in White Leghorns K- M. Moss*SC, S. A. Enneking, P. Y. Hes-
ter Purdue University, West Lafayette, IN

Osteoporosis, a progressive decrease in mineralized structural bone, 
causes 20 to 35% of all mortalities in caged White Leghorn hens. Previ-
ous research has focused on manipulating the egg laying environment to 
improve skeletal health with little research on the pullet. The objective 
of the current study was to determine the effect of mechanical loading 
on bone mineralization and muscle deposition in caged White Leghorn 
pullets given access to perches. From 0 to 17 wk of age, half of the birds 
were placed in cages with 2 round metal perches, while the other half did 
not have perches (controls). Perch space/chicken was 3.2, 4.4, 7.6, and 
10.2 cm at hatch, 3, 6, and 12 wk of age, respectively. Measurements, 
including BW, were determined at 3, 6, 12 wk of age. Bone mineraliza-
tion and area were determined in the tibia, femur, sternum, humerus, ulna, 
radius, and phalange using dual energy x-ray absorptiometry. Muscle 
weights were obtained for the breast and left leg (drum and thigh). Data 
were subjected to analysis of covariance (BW as the covariate). Type of 
bone was a sub-plot for the analysis conducted on bone traits. There were 
no differences in bone mineral content (BMC) and leg muscle weight 
at 3 and 6 wk of age. At 12 wk of age, the BMC of the tibia, sternum, 
and humerus (treatment x bone x age interaction, P = 0.015) and the left 
leg muscle weight (treatment x age interaction, P = 0.006) increased in 
pullets with access to perches as compared to controls. Bone area was 
greater for chickens with access to perches as compared to controls (P 
= 0.03). The bone mineral density and breast weight were not affected 
by perching. These results suggest that mechanical loading achieved 
through perching have beneficial effects on pullet health by stimulating 
leg muscle deposition and increasing the BMC of certain bones without 
causing a concomitant decrease in bone mineral density. This work was 
supported by the Midwest Poultry Consortium and the Agriculture and 
Food Research Initiative (USDA-NIFA-AFRI 2011-67021-30114).

Key Words: perch, pullet, White Leghorn, bone mineralization, muscle 
deposition
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P226 Effects of cage-free housing system on performance, egg 
quality, and bone health in White Leghorn laying hens. P. E. Eu-
sebio-Balcazar*SC, S. E. Purdum University of Nebraska-Lincoln, Lin-
coln, NE

The aim of this study was to evaluate the effects of cage-free and conven-
tional cage housing systems on hen performance, egg quality, and bone 
health. For this purpose, at 33 wk of age, 264 Bovan White laying hens 
were randomly allocated to eight wood shaving litter pens or eight conven-
tional cages located in the same room. Each floor pen contained 29 hens 
(1.8 ft2/hen) that were provided six plastic nest boxes, one tube feeder, four 
nipples drinkers, and perches (6 inches/hen). Each cage contained 4 hens 
(0.5 ft2/hen) that were provided one nipple drinker and feeder. Daily egg 
production and weekly feed intake were recorded. All eggs from cages and 
15 eggs from each floor pen were collected to obtain egg weight, percent-
age of egg components and solids, and Haugh Units at 37 and 43 wk of 
age. The same number of eggs was collected to measure eggshell break-
ing strength at 37, 41 and 47 wk of age. Hens were individually weighed 
and inspected for keel bone deformities using a 4-point scale (1=Normal, 
4=Severe) at 38, 42, 46 wk of age. At 48 wk of age, two randomly selected 
hens per replicate were obtained to determine in- vivo bone mineral density 
(BMD) using dual-emission x-ray absorptiometry (DEXA). Data was ana-
lyzed using a completely randomized design. Floor-raised hens had lower 
BW (P<0.05) and hen-day egg production (P<0.001) compared to caged 
hens during 33 to 47 wk of age. Caged eggs contained heavier yolks and 
smaller albumen than eggs from floor-raised hens at 37 (P<0.1) and 43 wk 
of age (P<0.05). At 37 wk of age, floor eggshells were stronger than those 
from caged eggs (P<0.05); however, the opposite was observed at 41 wk of 
age (P<0.05). The overall keel bone deformities tended to be more severe 
in floor hens compared to caged hens (1.97 vs. 1.80, P=0.119). Feed intake, 
BMD, egg weight, eggshell percentage, Haugh Units were not different be-
tween floor pen and cage system (P>0.05). Thus, cage-free housing system 
influenced hen BW, egg production and quality, and keel bone deformities 
in laying hens. 

Key Words: Keel bone deformities, eggshell breaking strength, laying 
hens

P227 Effects of environmental enrichment strategies on floor eggs 
and heterophil to lymphocyte ratio of broiler breeders reared under 
thermoneutral and heat stress conditions Oluwatoyin Adeniji*SC, 
Michael Smith Department of Animal Science, University of Tennes-
see, Knoxville, TN

In spite of the purported benefits associated with enriched housing, 
some concerns have been expressed regarding the possibilities of in-
creased floor eggs associated with this management plan. The objective 
of this experiment was to evaluate the effects of perch structures and 
sand on floor eggs and the heterophil/lymphocyte (H/L) as a measure of 
stress in broiler breeder birds reared in thermoneutral (TNE) and heat 
stress environments (HSE).

At 21-weeks of age, Cobb 500 broiler breeders (288 females and 48 
males) were assigned to 4 treatments in each of 2 rooms. One room was 
maintained at 23°C (TNE) while the other room cycled between 23°C 
and 30°C (HSE). Treatments were (1) no enrichment (2) sand (3) perch 
and (4) sand and perch. The 4 treatments were replicated 3 times with 
12 females and 2 males per replicate. Eggs were collected daily and the 
number of floor eggs counted. Blood samples were collected at 24, 32 
and 40 weeks of age and H/L determined.

The data were analyzed using completely randomized design with re-
peated measures. Response variables were analyzed with the mixed 
model analysis of variance (ANOVA) procedure of SAS 9.2 and least 
square means was used to determine significance (P<0.05). The results 
indicate that (1) birds in the control treatment tended to lay more floor 

eggs compared to other treatments (P=0.0937); (2) There was a signifi-
cant difference in percentage floor eggs across the weeks (P=0.0188); 
(3) H/L was significantly lower in week 24 compared to weeks 32 and 
40 (P< 0.001); (4) at week 40, H/L was significantly higher in HSE 
(P=0.0206) and (5) sand tended to reduce H/L (P=0.08)

Key Words: Environmental enrichment, Heat stress, Broiler breeders, 
Heterophil /lymphocyte ratio, Floor eggs

P228 Most Frequent Diseases, Probable Causes and Their Ef-
fects on Companion Birds’ Behavior. Lorena Moreno-Soto*, Jose 
A. Quintana, Juan Carlos Morales, Alberto Tejeda, Karina Acevedo-
Whitehouse Universidad Nacional Autonoma de Mexico, Mexico D. F. 
Mexico

Eight-hundred and thirty-six clinical histories from poultry that were seen 
from the first of July 2010 to the 30th of June 2011 were analyzed. These 
birds belong to 12 orders, most of which belonged to the Psittaciformes 
order with 72%, followed by 14% from the Passeriformes order. Of the 
diagnosis obtained during this year, 52% were related to food disorders, 
22% to respiratory disorders and 18% to trauma, which corroborates that 
more than 80% of illnesses in captive birds are related to inappropriate 
nutrition and handling as well as adverse environments. Situations such 
as isolation, climate changes, separation from companion, forced exer-
cise, fear, hunger, manipulation, toxins and abnormal physical conditions 
such as infections, trauma and pain, cause “negative emotional states”, 
that is to say, these are stressful factors that induce behavioral alterations 
such as aggression, flight attempts, vocalizations, feeding and drinking 
changes, feather picking, depression, repetitive movements and repro-
duction suppression. Some diseases that used to be attributed solely to in-
fectious agents may in reality have diverse causal or contributing factors 
such as metabolic, genetic and behavioral alterations. This calls for more 
information and better health care of birds that are maintained captive.

Key Words: Birds, Adverse Environment, Disease, Behavior

P229 A novel chromogenic plating medium for the isolation of 
Campylobacter jejuni and Campylobacter coli Lawrence Restai-
no* R & F Laboratories/Products, Downers Grove, IL

Campylobacter jejuni and C. coli account for more than 99% of human 
isolates associated with campylobacteriosis. Some bacteria are inhibit-
ed by selective ingredients and/or microaerophilic conditions however; 
a large array of false-positive isolates can interfere with Campylobacter 
isolation using current, traditional plating media testing procedures. 
This investigation developed and tested a selective/differential plating 
medium to reduce false positive isolates using a chromogenic substrate 
to identify the C-2 esterase activity in C. jejuni and C. coli. C. jejuni, 
C. coli, and C. lari isolates were grown under microaerophilic condi-
tions at 41-42ºC for 48 h in a modified Bolton broth (without inhibitors 
or blood). Other bacteria were grown in nonselective broths at 35ºC 
for 24 to 48 h. After incubation, the broths were streaked on the Cam-
pylobacter jejuni/C. coli Chromogenic Plating Medium (CCPM) and 
incubated microaerophilically at 41-42ºC for 48 h testing a total of 188 
microbial strains. C. jejuni (54 strains) and C. coli (38 strains) produced 
flat to convex, dark salmon colonies, 1.0 to 2.0 mm diameter with and 
without a clear ring and no swarming, whereas C. lari (5 isolates) colo-
nies were flat to convex, beige to off-white, 1.0 to 2.0 mm in diameter 
with a clear ring and no swarming. The enterics (except for one strain 
of generic Escherichia coli and Enterobacter aerogenes produced scant 
growth and off-white pinpoint colonies), and most other Gram nega-
tive, Gram positive bacteria and yeast did not grow. Only one strain 
each of Acinetobacter calcoaceticus and Acinetobacter baumannii pro-
duced similar morphologies to C. jejuni/C. coli. The CCPM had a 100% 
inclusivity and 98% exclusivity for organisms tested. The chromogenic 
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detection of C-2 esterase activity produced by C. jejuni and C. coli cou-
pled with an enhanced inhibition system will substantially improve the 
isolation of C. jejuni/C. coli compared with traditional plating media by 
reducing the false-positives and false-negatives.

Key Words: Campylobacter jejuni, Campylobacter coli, Chromogenic, 
Medium, Isolation

P230 Relationship of daily egg moisture loss during incubation to 
hatch time and egg size in experiments evaluating storage temp and 
warm-up of broiler eggs M. J. Wineland*, D. T. Ort, K. M. Mann, F. 
W. Edens North Carolina State University, Raleigh, NC

In the poultry industry, there have been conflicting reports on the opti-
mal egg room temperature during short-term storage (HOLD) and egg 
warm-up (WARM) prior to incubation. Objectives were to evaluate if 
HOLD or WARM for 4 days prior to incubation have an impact on 
hatch time or daily moisture loss of eggs and if there is a relationship 
between daily moisture loss and hatch time of hatching eggs in two tri-
als from breeder flocks (Ross 708) that were 48 or 55 WOA respective-
ly. Two environmentally controlled rooms were maintained (HOLD) at 
15.5° and 23.9° C for 4 days prior to incubation. Relative humidity was 
approximately 60%. Prior to setting, eggs were pre-warmed (WARM) 
for either 3 or 15 hours at 26.6 degrees C. 560 eggs per treatment group 
were used for each trial designed as a 2 x 2 factorial with main effects 
HOLD and WARM. Daily moisture loss and hatch time were analyzed 
using the Proc GLM of SAS. Correlation was determined between 
daily moisture loss and hatch time and egg size. In both trials there 
was no significant difference (p>0.05) in hatch time for either HOLD 
or WARM treatments. In experiment 1 there was a significant differ-
ence for the main effects with regards to daily moisture loss and in 
experiment 2 there was an interaction. In both experiment 1 and 2 there 
was a significant correlation between daily moisture loss and initial egg 
weight but not with hatch time. There was a significant difference be-
tween hatch time and initial egg weight. These results suggest that hold-
ing temperature during storage or pre warm may have an effect upon 
daily moisture loss during incubation but there is no significant effect 
upon hatch time.

Key Words: hatch time, moisture loss, storage temperature, pre warm, 
incubation

P231 The age of the breeder and egg storage time on the per-
formance and carcass yield of broilers Irenilza de Alencar Naas*, 
Nayara Spindola Francisco, Rodrigo Garófallo Garcia, Ibiara Correia 
de Lima Almeida Paz, Fabiana Ribeiro Caldara, Leonardo de Oliveira 
Seno, Ana Flávia Basso Royer, Karla Andrea Oliveira de Lima, Ro-
drigo Borille, João Dimas Graciano Universidade Federal da Grande 
Dourados, Dourados, Mato Grosso do Sul, Brazil

Several factors can affect the performance of broilers, such as genet-
ics, nutrition, management and thermal environment. There are also 
factors such as breeder’s age and eggs storage duration that also can 
influence, even though before incubation, on the early development of 
birds, bringing consequences to their entire rearing period. Thus, this 
work aimed to evaluate the influence of the age of the breeder and egg 
storage duration on performance and carcass yield of broilers reared up 
to 42 days old. A total of 2916 male Ross 308 ® broiler chicks were 
distributed in a completely randomized 3x3 factorial design, related 
to the ages of breeders (33, 43 and 61 weeks) and three eggs storage 
time (24, 72 and 120 hours) and had the parameters, initial body weight 
(IBW), the final body weight (FBW), the body weight gain (BWG), 
feed intake (FI), feed conversion (FC), mortality (MORT) and carcass 
yield assessed in a weekly basis. In the comparative analysis, the IBW 
was the parameter that showed interaction between factors (P <0.05) 

in most of the weeks. In the evaluation between 1 to 42 days FBW and 
BWG showed no interaction (P> 0.05). The parameters that showed 
interaction were the IBW, FI, FC and Mort. The IBW of broilers from 
breeders at the age of 61 weeks showed the highest values while that 
from breeders at the age of 33 weeks showed the lowest values and 
both times did not differ in 24 and 72 hours. FI in the storage time of 
72 hours, the ages of 61 and 43 weeks were significant (P<0.05). FC 
and MORT, both were significantly different between the broilers from 
breeders at the ages of 33 and 43 weeks in a storage time of 120 hours. 
Values for carcass yield before chilling process (hot carcass) and after 
(cold carcass) and the yield of feet, head, guts, heart, liver and gizzard, 
did not show effects of the different treatments (P> 0.05). According to 
the conditions of this work was carried out, it is concluded that there 
was interaction between the age of the breeder and egg storage duration 
on the performance of broilers for some weeks of rearing period, how-
ever the same was not observed for the yield of the carcass of broilers.

Key Words: breeder age, eggs storage, performance, broiler, carcas 
yield

P232 Influence of incubation temperature on susceptibility to poult 
enteritis and post-hatch intestinal development of commercial tur-
keys Jennifer Sottosanti*1SC, James Guy2, Bill Pierson3, Rami Dalloul1, 
Audrey McElroy1 1Virginia Tech, Blacksburg, VA, 2NC State, Raleigh, 
NC, 3Virginia-Maryland Regional College of Veterinary Medicine, 
Blacksburg, VA

Exposure of commercial turkeys to stressors during early development 
may affect performance, susceptibility to pathogenic challenges, and 
mortality. Temperature stress during incubation, particularly during 
the oxygen consumption plateau at which time both temperature and 
hypoxic stressors are present, may influence intestinal development 
and maturation. Consequences may include reduced intestinal function 
and impaired mucosal immunity, thus impacting the bird’s response 
to post-hatch challenges. Turkey coronavirus (TCV) is a viral inducer 
of poult enteritis with damaging effects on intestinal epithelium and 
enterocyte absorptive capacity, thereby leading to malabsorption, poor 
performance, and mortality. The severity of enteritis may be impacted 
by intestinal maturation; thus, stressors that delay or negatively impact 
development and maturation could predispose the poult to enteric infec-
tion. This study examined the effects of incubation temperature stress 
during the oxygen consumption plateau (ED24-28) and post-hatch TCV 
challenge on poult intestinal development. Hybrid turkey eggs were in-
cubated at the following shell temperatures between ED24-28: low(L, 
36°C), standard(S, 37.5°C), or high(H, 39°C). From ED0-24, all eggs 
were incubated at S. Half of the poults from each incubation group 
were inoculated with TCV (3000 EID50/0.1mL) at d5 post-hatch. Duo-
denum and jejunum samples were collected at 0 days post inoculation 
(dpi) and 6dpi for evaluation of villus height, crypt depth, and villus 
height:crypt depth (VCR). There were no differences in duodenum at 
0dpi; however TCV challenge increased (P<0.0001) crypt depth and 
decreased (P<0.0001) VCR at 6dpi. Jejunum villi were longer (P=0.05) 
at 0dpi in L incubation group compared to S, and crypts were deeper 
(P=0.0031) in H and L compared to S. Challenge with TCV increased 
(P<0.001) jejunum crypt depth and decreased (P=0.0025) VCR at 6dpi. 
There were no interactions between temperature and challenge; how-
ever, these results provide insight regarding the independent effects of 
incubation stress and post-hatch TCV challenge.

Key Words: incubation, enteritis, poult
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P233 The effects of egg room temperature and pre-warming prior 
to incubation on embryo growth and broiler performance D.T. 
Ort*, M. J. Wineland, K. M. Mann, F. W. Edens North Carolina State 
University, Raleigh, NC

In the poultry industry, there have been conflicting reports on the opti-
mal egg room temperature during short-term storage and egg warm-up 
prior to incubation. The objectives of this study were to evaluate embry-
onic growth, metabolism, and broiler performance using two different 
short-term storage temperature treatments. Additionally, questions arise 
as to how long eggs should be warmed in the setter hall before setting.

Two environmentally controlled rooms were maintained (HOLD) at 
15.5° and 23.9° C for 4 days prior to incubation. Relative humidity 
was approximately 60%. Prior to setting, the eggs were pre-warmed 
(WARM) for either 3 or 15 hours at 26.6 degrees C. Eggs from two 
breeder flocks, Ross 708 that were 48 or 55 WOA, were used for each 
trial designed as a 2 x 2 factorial with main effects HOLD and WARM. 
Embryo body weights (BW), with yolk and without yolk, were record-
ed. Heart and liver tissues were collected at 18E, 20E, and from hatched 
chicks for glycogen determination. Statistical analysis was performed 
by PROC GLM procedure in SAS. There was a significant HOLD ef-
fect at 18E for BW, with and without the yolk in trial 1, but with no 
differences in trial 2. BW at external pipping (20E) and at hatch was 
not different across all treatments in both trials. There were no signifi-
cant differences in relative heart or liver weight at hatching across all 
treatments groups. Even though FCR did not differ at 6 weeks of age, 
those eggs held at 23.9°C were 6 points lower than those eggs held at 
15.5°C in trial 1. BW was not significant at 6 weeks of age in trial 1. In 
conclusion, these results suggest that holding eggs for 4 days at 15.5° 
or 23.9°C prior to setting have no effect upon the embryo parameters or 
broiler performance. Additionally, a pre-warm period of 3 or 15 hours 
prior to incubation provided similar results.

Key Words: embryo, incubation, egg storage, pre-warm

P234 The age of the breeder and egg storage time on the embryonic de-
velopment of broilers Irenilza de Alencar Naas*, Nayara Francisco Spindo-
la, Rodrigo Garófallo Garcia, Ibiara Correia de Lima Almeida Paz, Fabiana 
Ribeiro Caldara, Leonardo Oliveira Seno, Rodrigo Borille, Ana Flávia Basso 
Royer, Karla Andrea Oliveira de Lima, João Dimas Graciano Universidade 
Federal da Grande Dourados, Dourados, Mato Grosso do Sul, Brazil

The weight of the chick is very important for the poultry industry and 
its quality is related to the management of the egg during its incubation. 
The characteristics that are presented by the broilers, including their genetic 
potential and yield are dependent on several factors, such as the age of the 
breeder. The storage conditions which the eggs are undergoing can influ-
ence the incubation duration and also their embryonic development. The 
artificial incubation plays an important role in poultry production, because 
it replaces the natural process and helps with the full embryonic develop-
ment until the egg hatches. Thus, the aim of this study was to evaluate the 
effect of the age of the breeder and egg storage duration on embryonic 
developmental characteristics. A total of 900 eggs were incubated and ana-
lyzed according to a completely randomized 3x3 factorial design, related 
to the ages of the breeders (33, 43 and 61 weeks) and three eggs storage 
time (24, 72 and 120 hours). All eggs came from a same commercial heavy 
breeder strain of broiler chickens. The eggs incubation and analysis were 
made at the Animal Science Laboratory from FCA/UFGD and were evalu-
ated at 11, 13, 15, 17 and 18 days of embryo development. The findings 
showed no interaction between age of the breeder and egg storage time on 
any of the days of embryonic development. However, it was observed the 
influence of the age of the breeder (p <0.05) on the egg weight, and also on 
weight of egg yolk. The age of the breeder at 61 weeks presented the high-
est values when compared to the age of 33 weeks, but sometimes did not 

differ from breeder at the age of 43 weeks. Thus, breeder at the age of 33 
weeks produced the lowest egg weight and also weight of yolk. The embry-
onic mortality did not present interaction between age of the breeder and 
egg storage time either. However, the mortality at the intermediate stage of 
embryo development occurred more often.

Key Words: breeder age, egg storage, embryonic development, broiler, 
incubation

P235 Specific gravity, shell thickness and calcium level of egg shells 
prior to and after incubation of eggs from 46 weeks-old Leghorn 
hens Luis Abarca*, Jose A. Quintana, Maria Teresa Casaubon, Sergio 
Gómez Universidad Nacional Autonoma de Mexico, Mexico D. F. 
Mexico

Egg shell quality is based on its thickness and weight. There are several 
methods that measure shell thickness and specific gravity whereby density 
is established. During its development the chick embryo mobilizes calcium 
from sources outside itself, mainly from the diverse egg structures; egg 
shells contain around 372.88 mg/g of calcium. Fertile eggs from forty-six 
weeks old hens of the Bovans White line were placed in two groups; the 
first group of 25 was used for study and the second for incubation. Eggs and 
their shells without membranes were weighed on a digital scale and their 
thickness measured with a digital micrometer. Specific gravity of the shell 
was estimated by the Archimedes Method. A gram of shell was submerged 
in a graduated cylinder with water at 26 °C and the amount of displaced 
water was recorded. Also four samples were taken per group to determine 
calcium by atomic absorption technique. Eggs of Group 1 had an average 
weight of 59.75 g, SD 1.65; shells weighed 5.13 g, SD 0.39, representing 
8.58% of the total and shell thickness was 0.336 mm, SD 0.02; Group 2 
had an average weight of 59.56 g, SD 2.86, with shell weight of 4.61 g, SD 
0.50, corresponding to 7.74% of total weight, with 0.302 mm, shell thick-
ness, SD 0.02. In the density test, Group 2 displaced 4% more water due to 
the fact that a larger amount of shell was required to complete one gram. 
During calcium analysis, Group 1 had 358,115 ppm with SD 10729. 23 
and Group two, 358,221 ppm with SD 17167.93. Even though it has been 
described that the embryo takes close to 75% of its Ca requirements from 
the shell, there were no differences observed prior to and after incubation. 
There were significant differences (p<0.05) in shell thickness and density 
prior to incubation.

Key Words: Shell, calcium, thickness, embryo, incubation

P236 The effect of pre-storage warming on pre-peak broiler breed-
er eggs Rachael Horil*SC, Dennis Ingram Louisiana Agricultural Ex-
periment Station Louisiana State University Agricultural Center, Baton 
Rouge, LA

This experiment was conducted to determine if pre-storage warming 
affects the hatchability of eggs laid by pre-peak broiler breeder hens. 
Two trials were completed using 1,800 freshly laid eggs from Ross 708 
broiler breeders between 28 and 30 weeks of age. For each trial, the 
eggs were transported for approximately four hours to LSU, where they 
were numbered, randomized, and placed into a cooler set at 15°C with 
60% relative humidity, until treatments began 24 hours later. The eggs 
were then warmed for either: 0, 3, 6, 9, 12 or 15 hours. All the eggs, 
except for the control treatment, were warmed in a Natureform © Set-
ter 2000 at 27˚C and 60% relative humidity for the specified duration 
and then placed directly back into the cooler. After the warming period, 
the eggs were stored for three days and then set in a Natureform © Set-
ter at the same temperature/humidity used during the treatments. On 
the 7th and 14th day, the eggs were candled and the infertile and fertile 
dead eggs were removed. These eggs were broken to determine true 
fertility. On the 18th day, the remaining eggs were transferred into a 
Natureform © Hatcher at 37°C and 75% relative humidity. After 21 
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days of incubation, all unhatched eggs were broken to determine time 
of embryo mortality. A randomized block design was used for statistical 
analysis. A block, which contained an individual level in the incubator, 
consisted of an experimental unit of 30 eggs each for all treatments. Be-
fore analysis, all percentages underwent arcsine conversion. Trials 1-2 
were combined since no trial by treatment interactions were significant. 
In all trials, percent early, mid, late, total dead, pips, fertile hatchabil-
ity, and total hatchability were measured. Both fertile hatchability and 
total hatchability were significantly (P = 0.05) increased in the 12-hour 
warming period. Pips also were significantly (P =0.06) decreased in re-
sponse to the 6 and 12 hour warming periods. Regression analysis was 
conducted and the resulting line showed 12 hours of pre-storage warm-
ing produces the highest fertile hatchability. Thus, fertile hatchability 
can be increased by pre-storage warming when used in this manner with 
this strain and age.

Key Words: Broiler breeder, Egg warming, Fertile hatchability, Egg 
storage, Embryo mortality

P237 Effects of photoperiod and light intensity on growth per-
formance and carcass characteristics of broilers grown to heavy 
weights. Hammed A. Olanrewaju*, Joseph L. Purswell, Stephanie D. 
Collier, Scott L. Branton USDA-ARS, Strakville, AR

This study investigated the effects of photoperiod and light intensity 
and their interaction on growth performance and carcass characteristics 
of heavy broilers in 2 trials. Five hundred and forty Ross × Ross 708 
chicks were randomly distributed into 9 chambers at 1 d of age, pro-
vided 23L:1D with 20 lx of intensity to 8 d, and then subjected to the 
following treatments. The treatments consisted of 3 photoperiod (long/
continuous [23L:1D] from d8-d56; regular/intermittent [2L:2D], and 
short/non-intermittent [8L:16D] from d8-d48 and 23L:1D from d49-
d56, respectively) and exposure to 3 light intensities (10, 5.0 and 0.5 
lx) from day 8 through d 56 at 50% RH. 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. At 56 d of age, 20 (10 males and 10 females) birds 
from each chamber were processed to determine weights and yields. 
Broilers subjected to short/non-intermittent photoperiod significantly 
(P ≤ 0.05) had poorer BW, BW gain, FI, carcass weight, and pectoralis 
major and minor weights compared with values obtained at long and 
regular/intermittent photoperiods. There was no effect of light-intensity 
on all examined variables except on live weight and tendon weight. 
Feed conversion and mortality were not affected by treatments. Also, 
there was no photoperiod × light intensity interactions observed for all 
variables. In addition, corticosterone concentrations were not signifi-
cantly affected by treatments, suggesting an absence of physiological 
stress. These results indicate that long/continuous and regular/intermit-
tent photoperiod improved broiler performance comparable with that 
observed under short/non-intermittent photoperiod, but minimal effect 
due to light intensity treatments.

Key Words: broiler, light intensity, photoperiod, carcass yield, stress

P238 Histological changes in the broiler embryonic pipping muscle 
between days 15 and 19 of incubation R. Pulikanti*, E. D. Peebles, A. 
O. Sokale, W. R. Maslin Mississippi State University, Mississippi, MS

Nutritional and metabolic changes in the avian pipping muscle have 
been discussed by previous researchers. The current experiment was 
conducted to examine histological changes in the pipping muscle of 
a modern broiler strain between d 15 and 19 of incubation, as the em-
bryo prepares for hatch. Ross × Ross 708 broiler hatching eggs were 
incubated on 8 replicate tray levels of an incubator. On d 15 and 19 

of incubation, 2 embryos per level were extracted and their head and 
neck portions were preserved. The tissues were processed and stained 
using standard histological techniques. Subsequently, longitudinal and 
transverse sections of the embryonic pipping muscles on each of those 
days were examined under 2×, 4×, 10×, 20×, and 40× magnifications. 
In preparation for hatch between d 15 and 19 of incubation, muscle 
fiber thickness increased, suggesting protein accretion and nutrient ac-
cumulation in the individual muscle fibers. Intra-fascicular muscle fiber 
density decreased; and the inter-fascicular spaces widened and were 
filled with more cellular and fluid components, suggesting the active 
and selective infiltration of lymph into the pipping muscle from the 
surrounding lymph glands. In addition, the inter-fascicular spaces were 
filled with more cellular debris, which may be a result of muscle cell 
disintegration, necrosis, or associated apoptotic changes in the actively 
growing pipping muscle. Results of the current experiment provide an 
insight into the morphological changes in the pipping muscle during 
embryogenesis in a modern broiler strain. These together with the other 
associated changes in the nutritional profiles and the proteome compo-
sitions of the pipping muscles, as previously reported from our labora-
tory, facilitate a more detailed and comprehensive understanding of the 
various orchestrated cellular, metabolic and physiological events that 
occur in the pipping muscle of a modern broiler strain during the later 
part of incubation as the embryo prepares for hatch.

Key Words: broiler, embryo, histology, lymph, pipping muscle

P239 Increased Co2 During Early Stages of Incubation Changes 
the Plasma Cortisol Profile and Embryonic Developmental of the 
Chicks Marco Antonio Juárez Estrada*, Sonia López Córdova, Ana 
Delia Rodriguez Cortez Universidad Nacional Autonoma de México, 
México, Distrito Federal, Mexico

In order to evaluate the effect of non-ventilation condition of the incu-
bator during the first 10 days of embryo development on plasma corti-
sol, T3, T4 levels, T3/T4 ratio and quality of one-day-old Leghorn chicks, 
were carried out one experiment. Two different incubation conditions 
were created; one incubator (n=42, fertile eggs from Leghorn breeder 
hens of 40 weeks of age) was kept at standard conditions with adequate 
ventilation (V) according to manufacturing directions for incubation 
at higher altitudes (7,316 ft) like the location where this research was 
done, and the second one incubator was non ventilated (NV) during 
the first ten days of incubation, allowing the CO2 to rise near to 20,000 
ppm. Every treatment had three replicates. After the first 10 days, both 
incubation continued under standard conditions. Chicks from NV incu-
bator start to hatch at 491 ± 5.77 hours and the chicks from V incuba-
tor at 492±5.29 h. Hatchability in the NV group was of 50.0±3.33%, 
higher (p<0.05) than 43.33 ± 3.33% of the V incubator. The one-day-
old chicks from NV incubator had a higher (P<0.05) length (17.0±0.49 
cm) compared to the V chicks (16.73±0.40 cm). The ELISA triiodo-
thyronine plasma concentration determined in the one-day-old chicks 
from NV incubator was of 725.55±899 ng/µl, lower (P<0.05) than the 
2,900±2,331 ng/µl observed in the V group; whereas cortisol plasma 
levels showed a significant NV group effect with 119.45±74 ng/µl, 
higher (P<0.05) of 84.43±38 ng/µl recorded in V incubator chicks. NV 
group showed lower level of plasma T3, consequently T3/T4 ratio was 
modified, its together with the rising plasma cortisol measured, contrib-
ute to modified the developmental trajectory into this NV group. Higher 
levels of CO2 during the first ten days of incubation had a stimulatory 
effect on embryonic development improved hatchability and quality of 
the chicks from NV treatment.

Key Words: Hatchability, Triiodothyronine, Thyroid hormones, Non-
ventilation, O2
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P240 Parthenogenetic development in incubated unfertilized Chi-
nese Painted Quail eggs alters pH and ion concentrations in egg 
albumen Priscilla Rosa*SC, Holly Parker, Aaron Kiess, Chris McDan-
iel Mississippi State University, Mississippi State, MS

Parthenogenesis is a form of embryonic development that occurs with-
out fertilization. Recently parthenogenesis has been reported in Chinese 
Painted Quail eggs. In Japanese quail, it has been shown that albumen 
pH of incubated fertile eggs is lower than that of incubated infertile 
eggs. However, it is unknown if alterations, similar to those in incu-
bated fertile eggs, occur in albumen pH or ion concentrations within 
unfertilized eggs exhibiting parthenogenetic development. Therefore, 
the objective of this study was to determine if any differences in pH or 
ion concentrations exist between incubated unfertilized eggs containing 
parthenogenetic development versus unfertilized eggs with no develop-
ment. In this study, eggs were collected daily from Chinese Painted 
Quail hens that were separated from males at 4 wks of age, prior to 
sexual maturity. Eggs were stored for 0 to 3 d at 20°C and incubated at 
37.5°C. To determine egg weight loss, eggs were weighed prior to set-
ting and then again after 10 d of incubation. After 10 d of incubation, 
02, Ca2+, Na, and Cl concentrations as well as pH were obtained from 
the albumen of each incubated egg. For unfertilized eggs containing 
parthenogens, there was less egg weight loss when compared to unfer-
tilized eggs with no development. Albumen from unfertilized eggs with 
parthenogenetic development also exhibited a lower pH as well as less 
02 and Cl when compared to the albumen of unfertilized eggs with no 
development. However, albumen from unfertilized eggs with parthe-
nogenetic development yielded higher concentrations of Ca2+ and Na 
when compared to the albumen of unfertilized eggs with no develop-
ment. In conclusion, it appears that parthenogenetic development alters 
the ionic composition of albumen from unfertilized eggs as compared 
to the albumen from unfertilized eggs with no parthenogenetic develop-
ment.

Key Words: Parthenogenesis, albumen, pH, ion concentrations

P241 Proteome profile of pipping muscle lymph in the broiler em-
bryo A. O. Sokale*SC, E. D. Peebles, R. Pulikanti, K. Pendarvis, T. 
Pechan Mississippi State University, Mississippi State, MS

During embryonic development, the pipping muscle enlarges in size 
prior to hatching, due to the infiltration and accumulation of serous 
fluid within and between the muscle fibers. This serous fluid, which 
has been referred to as lymph, occurs maximally by d 20 of incubation, 
and begins to withdraw from the muscle after pipping. We employed a 
reproducible method to characterize the fluid component of the pipping 
muscle by identifying its key proteins under normal physiological con-
ditions. Ross × Ross broiler embryo pipping muscle was extracted on 
d 20 of incubation, washed in physiological saline, immediately snap-
frozen in liquid nitrogen, and stored at -80oC. Protein extraction was 
performed in buffer containing 50 mM ammonium bicarbonate and 10 
mM dithiothreitol in 3 different pressure cycle programs: 1 cycle at 
5000 psi for 3 sec; 7 cycles at 5000 psi for 10 sec per cycle; and 5 cycles 
at 10,000 psi for 5 sec per cycle. The resulting samples were analyzed 
on a LTQ mass spectrometric analyzer. A total of 128 proteins were 
identified. The plasma proteome was used as an indicator of lymph pro-
teins. The identified proteins were summarized based on Gene Ontolo-
gy (GO) annotations obtained from the AgBase database. For molecular 
function classification, 122 proteins had assigned 115 diverse functions, 
summarized into 17 GO slim categories. The protein distribution based 
on cellular compartments revealed a total of 118 proteins belonging to 
143 cellular compartments, summarized into 12 GO slim categories. 
A total of 121 proteins had 207 designated biological processes, fused 
into 18 GO slim categories. The protein expression profile in this study 

confirms that the pipping muscle is infiltrated with lymph during em-
bryonic life. This is also the first study to provide a proteome profile of 
chicken embryo lymph.

Key Words: Orbitrap-MS/MS, Animal proteomics, Embryo, Lymph, 
Gallus

P242 Effects of in ovo injection of caffeine and theophylline on 
hatchability of broilers S. Silva*1SC, W. Zhai2, E. D. Peebles2 1Univer-
sity of São Paulo, Pirassununga, Pão Paulo, Brazil, 2Mississippi State 
University, Mississippi, MS

Effects of in ovo injection of 2 types of stimulants (caffeine and theophyl-
line) at various concentrations on hatchability of Ross × Ross 708 broil-
ers were investigated. On d 18.5 of incubation, embryonated eggs were 
injected in the amnion using an automated multiple-egg injector for the 
delivery of the caffeine at concentrations of 100, 20, 4, 0.8, and 0.16 mM 
and theophylline at concentrations of 20, 4, 0.8, and 0.16 mM in 0.1 mL 
of 0.9% physiological saline. Also, a non-injected control, a dry punch 
control, and a saline-injected control were included. A one-way ANOVA 
was used to test for parameter differences among treatments with treat-
ment designated as a fixed effect and tray level as a random effect. The 
results showed that hatch time or BW relative to set egg weight was not 
affected by the injection of caffeine or theophylline at 20, 4, 0.8, or 0.16 
mM concentrations when compared to all 3 controls. The injection of 100 
mM caffeine decreased hatchling BW relative to set egg weight, hatch-
ability, and hatch time as compared to the saline-injected control group 
(P < 0.05). However, there was no difference in residual yolk sac weight 
among treatment groups. A lower BW relative to set egg weight in as-
sociation with an unaltered yolk sac weight may have resulted from the 
induction of a higher metabolic rate in embryos injected with 100 mM 
caffeine with an associated degradation of somatic tissues other than yolk 
as an energy source. It is further suggested that in order to accelerate 
hatching without affecting hatch performance, stimulants in combination 
with various nutrients may be considered as means to compensate for the 
increased energy requirements of embryos when injected with stimulants.

Key Words: broiler, caffeine, in ovo injection, hatchability, theophylline

P243 Persistence of Salmonella Typhimurium on chicken carcasses 
exposed to kosher salt Erin Bilgili*SC, Manpreet Singh Auburn Uni-
versity, Auburn, AL

The antimicrobial activity of kosher salt was investigated against Sal-
monella Typhimurium (ST). In experiment 1, the effect of varying con-
centrations of kosher salt (0.0, 1.0, 3.0 and 8.0% in beef-heart infusion; 
BHI) on ST was investigated at 37°C for up to 36 h. Samples were tak-
en every hour for the first 12 h and then at 24 and 36 h; serially diluted, 
and plated on Tryptic Soy Agar (TSA) to develop growth and/ or death 
curves. In experiment 2, nine chicken carcasses were inoculated with 
ST (Ca. ~108 CFU/ml), immersed in 1.5 L of 8.0% kosher salt solution 
and refrigerated at 4°C for up to 60 min. At 0, 30, and 60 min, carcasses 
were rinsed with 200 ml of 0.1% Buffered Peptone Water. The rinsate 
was then serially diluted, plated onto Plate Count Agar (PCA) and incu-
bated at 37°C for 24 h. The colonies were enumerated and counts were 
reported as CFU/ mL of the rinsate.

For the first experiment, 0% and 1% salt produced similar growth re-
sults, with exponential growth starting at 4h and 3h, respectively. For 
3% salt, the lag phase was extended (P<0.05) and exponential growth 
started at 12h. For 8% salt, a reduction in colonies was observed, sug-
gesting a death curve. For experiment 2, exposure of the inoculated 
chicken carcasses to 8% salt solution for 0, 30, and 60 min did not 
yield any differences (P>0.05) in the ST populations suggesting that, al-
though death of cells was observed in laboratory media, similar results 
were not observed on chicken carcasses that can be attributed to organic 
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factors associated with the skin. More research needs to be conducted 
using higher concentrations of salt and longer exposure times.

Key Words: Salmonella Typhimurium, Kosher salt, poultry, antimicrobial

P244 Extrinsic factors affectig water absorption in chilling of 
broiler chicken carcasses Marcos Franke Pinto*, Juliana Pampana 
Nicolau, Elisa Helena Giglio Ponsano, Silvia Helena Venturoli Perri, 
Manoel Garcia-Neto Univ Estadual Paulista, Araçatuba, São Paulo, 
Brazil

Brazil occupies an outstanding position as a producer and exporter of 
chicken meat, and the maintenance and expansion of this position require a 
constant evolution, especially in variables which determine quality. An im-
portant quality parameter of poultry meat is the amount of water absorbed 
by the carcass during processing. In Brazil, carcasses chilling is done by 
immersion in chilled water. In this process, the carcass is rehydrated and the 
water lost during transport and initial operations is replaced. At this stage, 
some care is needed to prevent the absorption of water upper than the level 
allowed by Brazilian law. This project aimed to evaluate extrinsic factors 
that can influence the absorption of water by the chicken meat. For this, 144 
Cobb chickens divided into 24 groups of six birds were used. At 42 days 
of age, one chicken of each group, with weight ranging up to 10% more or 
less from the average of the group, was slaughtered in an experimental pi-
lot scale abattoir where slaughter procedures were conducted under strictly 
controlled conditions. The chilling procedure was performed following a 
completely randomized design with factorial arrangement 3x2, where the 
factors were: three temperatures in the first section of the chilling system (4, 
10 and 16ºC) and two degrees of water hardness (hard and soft water), with 
six treatments and four replications. Brazilian law provides that the water 
temperature in the first section of the chiller must not be higher than 16ºC, 
and the length of the carcasses in this section shall not exceed 30 minutes. 
All carcasses remained in the first section of the chiller for 30 minutes and 
then were transferred to another tank with water at 4ºC, remaining there 
until reaching 7ºC. The carcasses were weighed before and after chilling, 
to evaluate the percentage of water absorbed. The water absorption was 
influenced by the initial temperature of the water in the chiller and by the 
water hardness. When initially immersed in water at 4ºC, carcasses water 
absorption averaged 2.70%, a significantly lower absorption than the val-
ues found for the carcasses that were initially immersed in water at 16ºC, 
3.83% (p<0.05). The carcasses immersed in water at 10ºC had mean water 
absorption of 3.66%, not differing from the means observed in the other 
two treatments (p>0.05). In hard water, the average water absorption was 
2.46% and, in soft water, 4.33% (p<0.05). In all treatments, the water ab-
sorption did not exceed the limit established by Brazilian legislation, which 
is a maximum of 8%. This information is important to control the absorp-
tion of water by carcasses in chicken meat processing, preventing consum-
ers from being harmed.

Key Words: quality control, legal parameters, immersion chilling, wa-
ter chilling, poultry meat

P245 Bacterial oxycarotenoids added into broiler chickens ration 
modify breast meat color Elisa H. G. Ponsano*1, Saulo V. Avanço2, 
Manoel Garcia-Neto2, Maria Clara S. Minello2, Thiago L. M. Grassi2, 
Edson F. E. Santo2, Alstyn W. M. Costa2, Marcos F. Pinto2 1UNESP, 
Univ Estadual Paulista, Araçatuba, Brazil, 2Univ Estadual Paulista, 
Araçatuba, Brazil

Some markets around the world demand for well pigmented poultry 
products, what justifies the intentional use of synthetic additives in ra-
tions during breeding. The inconvenient for that practice most times is the 
elevated price of these products, beyond the argument of being chemi-
cals, which may not be viable for some production systems. So, the aim 
of this experiment was to check on the ability of natural red oxycarot-

enoids produced by R. gelatinosus to modify broilers breast meat color. 
Bacterial biomass containing oxycarotenoids were added into Cobb 
broilers finisher diets at 0, 1.0, 2.0 and 3.0 g/kg and fed during 10 days 
(35-45 d). Five replicates (10 birds each) were performed. At days 35, 37, 
39, 41, 43 and 45, 100 birds were slaughtered scalded, defeathered and 
eviscerated. Data on live and carcass weights were recorded. After cool-
ing, color parameters of meat were determined on breast surface using a 
HunterLab XE Plus colorimeter calibrated with black and white standard 
tiles. Regression analysis was used for the investigation of relationships 
between days of consumption and biomass concentration on color values, 
live weight and carcass yield. Results showed that redness of breast meat 
was significantly influenced by the biomass concentration in a linear ef-
fect (P=0.0056) and also by the time of consumption, in a quadratic effect 
(P=0.0232). Days of consumption also affected yellowness and lightness 
with significant quadratic responses (P=0.0225 and P<0.0001, respec-
tively). Birds live weight increased significantly during the application of 
the experimental diets (P<0.0001), showing no negative influence of the 
biomass administration. Also no deleterious effects derived from the ap-
plication of the product were observed on carcass yield. So we concluded 
that R. gelatinosus oxycarotenoids present in the bacterial biomass can 
modify broilers breast meat color, performing as an alternative pigment-
ing additive in poultry production.

Key Words: Rubrivivax gelatinosus, biomass, redness, lightness, car-
cass yield

P246 Frequency of black bone syndrome in drumsticks of broil-
ers Rodrigo Garófallo Garcia*1, Ibiara Correia de Lima Almeida Paz1, 
Fabiana Ribeiro Caldara2, Grace Alessandra Araújo Baldo1, Carlos 
William Gavilan1, Marília Carvalho Figueiredo Alves1, Viviane Maria 
Oliveira dos Santos Ferreira1, Márcio Pilleco1 1Universidade Federal 
da Grande Dourados, Dourados, Mato Grosso do Sul, Brazil , 2Uni-
versidade Federal da Grande Dourados - Faculdade de Ciências 
Agrárias, Dourados, Mato Grosso do Sul, Brazil

This experiment aimed to evaluate the incidence of black bone syn-
drome in chilled and frozen drumsticks of broilers. To assess the fre-
quency of the black bone syndrome and its influence on meat quality, 
we analyzed the brightness of the bone (*L), appearance of the flesh and 
its sensory characteristics. It was possible to characterize black bone 
syndrome through confidence intervals for values of L*, and bones with 
this value below 37.5 can be characterized as black bone syndrome and 
those above this value are normal bones (37.5 - 40). The flavor of the 
thighs was not influenced by the treatments, the appearance, odor and 
tenderness were not affected by freezing or cooling of the meat, only by 
the degree of black bone syndrome in which they fit. Freezing worsened 
the black bone syndrome in the bones.

Key Words: black bone syndrome, broiler, meat quality, black bone, 
drumsticks

P247 Anti-listerial effects of sodium metasilicate in pure Lis-
teria monocytogenes culture suspensions and on ready-to-eat 
turkey ham Chander Shekhar Sharma*1, Sally Williams2, Gary Ro-
drick2 1Mississippi State University, Mississippi, MS 2University of 
Florida, Gainesville, FL

Listeria monocytogenes is a foodborne pathogen of high public health 
significance and frequently encountered in ready-to-eat foods. Sodium 
metasilicate (SMS) is a USDA-approved antimicrobial for use in ready-
to-eat meat and poultry products. The purpose of this study was to de-
termine effectiveness of SMS for inactivating L. monocytogenes in pure 
culture suspensions and on ready-to-eat turkey ham. L. monocytogenes 
Scott A strain was exposed to 0 (positive control), 1, 2, 3, 4, 5 and 6% 
SMS solutions for 1, 10 and 30 min at room temperature. In a second 
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experiment, turkey ham samples were inoculated with L. monocyto-
genes (Scott A) and treated with SMS to yield final concentrations of 
300 and 600 ppm, vacuum packaged, stored at 4°C and analyzed after 
0, 7, 14, 21 and 28 days for presence of L. monocytogenes and pH. 
Negative and positive controls were also included. Both experiments 
were replicated three times and all the samples were analyzed in du-
plicate. In Experiment 1, no significant reduction in L. monocytogenes 
(P > 0.05) was observed with 1 min exposure to 1.0 and 2.0% SMS. 
Concentrations of 1.0, 2.0 and 3.0% SMS reduced L. monocytogenes by 
more than 5 log after 30 min. Exposure for 1 min to 4.0 and 5.0% SMS 
reduced L. monocytogenes by more than 5 log. L. monocytogenes was 
not detected after 1 min exposure to 6.0% SMS. In Experiment 2, 600 
ppm SMS was not effective in reducing L. monocytogenes populations 
(P > 0.05) in turkey ham, and pH values were similar (P > 0.05) for all 
treatments. L. monocytogenes was susceptible to SMS in pure culture. 
Susceptibility of L. monocytogenes to SMS was reduced significantly 
when L. monocytogenes was inoculated onto ready-to-eat turkey ham, 
which suggested that higher concentrations of SMS may be needed to 
control growth of L. monocytogenes on ready-to-eat poultry products.

Key Words: Sodium metasilicate, Listeria monocytogenes, turkey 
ham, ready-to-eat poultry products

P248 Effect of different levels of dietary vitamin E (DL-α-
tocopherol acetate) on the occurrence of three degrees of white 
striping on broiler breast fillets Vivek A. Kuttappan*SC, Sarah Good-
game, Danny Bradley, Andy Mauromoustakos, Billy HargisSC, Park 
Waldroup, Casey Owens University of Arkansas, Fayetteville, AR

White striping could be a potential reason for the rejection of raw breast 
fillets in the market. The condition is characterized grossly by the white 
striations occurring on the fillets showing dystrophic changes on mi-
croscopic examination. Previous research had reported similar lesions 
in case of nutritional muscular dystrophy which is a condition caused 
mainly by the deficiency of vitamin E in the diet. The present study 
was intended to evaluate the effect of different levels of dietary vita-
min E (DL α-tocopherol acetate) on the incidence of normal (NORM), 
moderate (MOD) and severe (SEV) degrees of white striping on broiler 
breast fillets. Basal diet adequate for starter (0-18d), grower (19-32d) 
and finisher (33-49d) age periods supplemented with 15, 50, 100, 200 
and 400mg of vitamin E/kg of feed were used in the study. Each of 
the five diet treatments were fed to eight pens (53 birds each) of male 
broilers from a commercial strain. At 49d, five birds were randomly 
selected from each pen (n=40 birds/diet treatment) and were processed 
in a commercial inline processing system. Live weight, Ready-to-cook 
(RTC) weight, weight of the fillets, wings, tenders, legs and the racks 
were obtained. The fillets were scored for the three degrees of white 
striping. From the results, it was found that there were no significant 
(p<0.05) differences between the diet treatments with respect to the 
weight and carcass yield parameters evaluated in the study. Further-
more, the diet treatments did not show any significant (p<0.05) effect 
on the occurrence of NORM, MOD and SEV degrees of white striping. 
However, the fillet weight was the only parameter which had a signifi-
cant (p<0.05) effect on the occurrence of white striping. Higher degrees 
of white striping were seen associated with heavier fillets, which is in 
accordance with our previous studies. In conclusion, different levels 
of dietary vitamin E levels used in the present study did not show any 
significant (p<0.05) effect on the occurrence of three degrees of white 
striping.

Key Words: Vitamin E, tocopherol, white striping, broiler breast fillets, 
muscular dystrophy

P249 Evaluation of the stability of B. subtilis and B. lichenifor-
mis in pelleted feed at different temperatures Anée Berg Kehlet*1, 
Merete Moerk Jensen1, Alicia Lay2, Robert Lantz2, Adam Fahren-
holz3 1Chr. Hansen A/S, 2970 Hoersholm, Denmark, 2Chr. Hansen A/S, 
Milwaukee, WI, 3Department of Grain Science and Industry, Kansas 
State University, Manhattan, KS

The aim of the present work was to evaluate the stability of B. sub-
tilis (DSM17299) and B. licheniformis (DSM17236) in pelleted feed 
at different temperatures. The study was carried out at Kansas State 
University, Department of Grain Science and Industry. The test articles 
B. subtilis (GalliPro® Max, Chr. Hansen A/S) and B. licheniformis (Gal-
liPro® Tect, Chr. Hansen A/S), were each mixed into a corn-soybean 
based standard meal feed at a dose of 2.2 kg per 1000 kg of feed, cor-
responding to 5.0+E6 and 1.4+E7 CFU/g feed respectively. The feed 
was mixed in a Forbjerg Paddle mixer for 5 min. Ten samples from 
the meal diet were taken within approximately the same time interval 
in a free flowing stream before the heat treatment. The mixture of test 
articles and standard meal feed was pelletized at two different tempera-
tures: 85°C and 90°C. When the conditioner temperature of the mash 
feed was stable after one min at 85°C, five samples of pelleted feed 
were collected with a one minute interval and hereafter immediately 
transferred to a batch cooler where the temperature was recorded. After 
cooling two samples were collected from each tray (in total 10 samples/
product). The above was repeated for the 90°C samples. The hot pellet 
reached a maximum temperature of 94.6°C. Viable cell count of the 
samples was tested both in the mash feed and in the pelletized feed. The 
average spore count in the mash diets was 5.7+E6 and 1.3+E7 in the B. 
subtilis and B. licheniformis samples respectively. In the diets pelleted 
at 85°C the average spore count was 5.2+E6 and 1.2+E7 and at 90°C 
the average spore count was 5.4+E6 and 1.1+E7 in the B. subtilis and 
B. licheniformis samples respectively. The above findings show that B. 
subtilis and B. licheniformis are stable in pelleted feed and can with-
stand temperatures up to 94.6°C.

Key Words: Bacillus subtilis, Bacillus licheniformis, heat stability, pel-
leting, feed

P250 Qualitative aspects of commercial eggs subjected to different 
storage conditions Rodrigo Garófallo Garcia*, Ibiara Correia de Lima 
Almeida Paz, Fabiana Ribeiro Caldara, Leonardo Willian de Freitas, 
Leonardo de Oliveira Sena, Viviane Maria Oliveira dos Santos Ferreira, 
Gisele Aparecida Felix Universidade Federal da Grande Dourados, 
Dourados, Mato Grosso do Sul, Brazil

The objective of this study was to evaluate the effects of temperature 
and storage time on egg quality of laying hens. The design was factorial 
3x3 with three temperatures (room temperature - 26 ° C, refrigerator - 
10 ° C and cold - 3 ° C) and three storage periods (7, 14 and 21 days) 
with 6 replicates , arranged in a completely randomized where each egg 
represented an experimental unit. The variables were the weight loss of 
eggs (%), specific gravity, percentage of yolk and albumen, yolk color 
and sensory evaluation. The eggs kept under refrigeration temperatures 
(refrigerator, and cold) showed less weight loss and better values for 
specific gravity and color of raw egg yolk during storage (14 and 21 
days). For percentage of yolk and albumen eggs showed no difference 
(p> 0.05) among storage times, regardless of the temperature at which 
it was submitted. The eggs kept under refrigeration better sensory char-
acteristics than those kept under room temperature. We conclude that, 
in this experimental conditions, the eggs must be kept at refrigerator 
temperature (30 - 10° C) to maintain its quality preserved.

Key Words: temperature, egg quality, storage time, specific gravity, 
sensory evaluation
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P251 The role of house fly act as a vector of avian influenza sub-
type H5N1 Somsak Pakpinyo*, Suwarak Wanaratana, Jiroj Sasipreey-
ajan Chulalongkorn University, Patumwan, Bangkok, Thailand

In this study, the house fly (Musca domestica Linnaeaus) was determined as 
the potential vector of avian influenza subtype H5N1. One hundred and fifty 
laboratory-reared house flies were equally allocated into 3 groups. Flies of 
group 1 were allowed to consume H5N1-free feed serving as negative con-
trol, whereas flies of groups 2 and 3 were experimentally exposed to H5N1 
virus by allowing flies to consume infected feed containing with H5N1 virus 
for 15 min. After exposure, the infected feed was removed and was placed 
with the H5N1-free feed. Flies of group 2 were euthanized by put in the dry 
ice box, whereas flies of group 3 were held at room temperature for 24 h. 
At 24 h post exposure, flies were euthanized. All flies of each group were 
determined by inoculation into 3 groups of 4-week-old layer chickens via 
oral route in separate isolator in BSL-3 facility. Five flies were pooled as an 
inoculum per chicken. Morbidity and mortality were observed for 14 days. 
The oropharyngeal swabs (OS) and cloacal swabs (CS) were daily collected 
to determine by real-time reverse transcription polymerase chain reaction 
(RRT-PCR) assay and virus titration. The histopathology and immunohis-
tochemmistry (IHC) against nucleoprotein of influenza virus type A were 
used for the collected tissue samples. The results revealed that all chickens 
of groups 2 and 3 died during 2 - 7 days post inoculation. The OS had higher 
amount of virus shedding compared with CS determined by RRT-PCR and 
virus titration assays. Moreover, chickens of group 2 had higher amount of 
virus shedding than chickens of group 3 did. The histopathology showed dif-
fuse necrosis of several tissue samples of inoculated chickens. The severe 
heterophilic and mononuclear inflammatory infiltration, deciliation and 
sloughing of epithelial cells in trachea, mild to moderate diffuse pulmonary 
congestion, multifocal to coalescing necrosis of the pancreas, perivascular 
infiltration of mononuclear cell at duodenum and necrotizing splenitis were 
observed. The IHC could detect nucleoprotein of influenza virus type A in 
all collected tissue samples including trachea, duodenum and pancreas. This 
study demonstrates that the house flies could serve as a vector of H5N1 virus 
under experimental laboratory conditions.

Key Words: House fly, Potential vector, H5N1 avian influenza virus, 
Chickens

P252 The pathogenesis of low pathogenic avian influenza viruses 
in Mallards Monique Franca*SC, Justin Brown, David Stallknecht, Re-
becca Poulson, Elizabeth Howerth UGA, Lawrenceville, GA

Mallards are important natural hosts for the epidemiology of low patho-
genic avian influenza viruses (LPAIVs). This study characterizes the pa-
thology, viral antigen distribution and viral shedding patterns of LPAIV 
in intranasally infected Mallards at different time points after infection. 
Mallards were infected with 106 median embryo infectious dose of either 
A/Mallard/MN/199106/99 (H3N8) or A/Mallard/MN/355779/00 (H5N2). 
Histopathology and immunohistochemistry were performed on the respira-
tory and gastrointestinal tract tissues and bursa of Fabricius in the first 3 to 
6 days post inoculation (dpi). Oropharyngeal, cloacal and fecal viral shed-
ding were analyzed by virus isolation and Real Time Reverse Transcriptase 
Polymerase Chain Reaction (RRT-PCR) and were detected from 1 dpi with 
higher cloacal viral shedding detected at 2 and 3 dpi. Peak infectious titers 
exceeded 106 EID50/gram of feces at 2 to 3 dpi in birds infected with H3N8 
LPAIV. Moderate lymphocytic tracheitis and laryngitis were observed in 
the birds euthanized on 1 and 2 dpi. Avian influenza virus (AIV) antigen 
was detected in rare epithelial cells of the larynx and trachea only at 1 dpi 
in the birds infected with H3N8 LPAIV. In the gastrointestinal tract, expres-
sion of AIV antigen was detected in the cytoplasm and nuclei of surface 
enterocytes in the ileum, ceca and colon from 1 to 4 dpi. AIV antigen was 
also expressed in epithelial cells of the bursa of Fabricius at 2 to 3 dpi. 
The ciliated cells in the trachea and the enterocytes of the lower intestinal 

tract abundantly express α2,3 sialic acid receptors in this species. Our study 
shows that viral antigen distribution in tissues correlates with viral shed-
ding patterns of LPAIV and α2,3 sialic acid receptor distribution in Mal-
lards. We also conclude that the main sites of AIV replication in this species 
are the surface enterocytes of the lower intestinal tract and epithelial cells 
of the bursa of Fabricius.

Key Words: Mallards, low pathogenic avian influenza, immunohisto-
chemistry, viral shedding, histopathology

P253 Are Vaccine Viruses Developed for Pandemic Preparedness a 
Risk for Poultry? Mariana Sa e Silva*1, Larisa Rudenko2, Irina Isakova-
Sivak2, Tung Nguyen3, Yuelong Shu4, Claire Cornelius5, Ruben Donis6, 
David Swayne7 1USDA, Agriculture Research Service, Southeast Poul-
try Research Laboratory., Athens, GA, 2Institute of Experimental Medi-
cine, Department of Virology, Saint Petersburg, Russian Federation, 
3National Center for Veterinary Diagnosis, Hanoi, Viet Nam, 4National 
Institute for Viral Disease Control and Prevention, 5Dept. of Virology, 
NAMRU-3, Cairo, Egypt. Viral and Zoonotic Disease Research Program 
NAMRU-3, Cairo, Egypt, 6Influenza Division - Centers for Disease Con-
trol and Prevention, Beijing, China, 7Southeast Poultry Research Labo-
ratory  - USDA - Agricultural Research Service, Athens, GA

Highly pathogenic avian influenza (HPAI) viruses are important agricultur-
al pathogens and some have been transmitted to humans, especially H5N1, 
causing severe disease and death. Various HPAI viruses have the potential 
to become pandemic, and therefore national and international public health 
organizations are developing vaccine seed viruses that match the antigenic 
characteristics of the circulating viruses. These viruses are derived by re-
verse genetics to i) include A/Puerto Rico/8/34 (PR8) genes that maximize 
their growth in eggs and ii) delete the HA polybasic cleavage site to mini-
mize their pathogenicity. We evaluated HPAI vaccine candidate viruses to 
assess their virulence and infectivity for 4-to-6 week old chickens, by in-
travenous (IV) inoculation of 10 specific-pathogen-free chickens to deter-
mine the intravenous pathogenicity index (IVPI) per OIE protocol, which 
records clinical signs/death for 10 days. Another group of 10 birds was in-
oculated intranasally (IN). At 2 or 3 days post challenge, oropharyngeal and 
cloacal swabs are collected from all IN-challenged, and two are euthanized 
and tissues were collected for histopathology, immunohistochemistry, and 
virus isolation. At 14 days post challenge, birds were euthanized and bleed 
for serology, with agar gel immune diffusion or ELISA test used to evaluate 
anti-influenza antibodies. Six recombinant viruses (subtypes H5N1, H5N2) 
and one wild type (H5N1) were tested. None of the vaccine candidate vi-
ruses showed evidence of infection after IN challenge (no virus isolated 
in tissue samples at 3 dpi, shedding, no detectable antibodies, no clinical 
signs or lesions), neither the IV challenge group showed any evidence of 
clinical disease. The wild type H5N1 was the only one to replicate, induce 
100% mortality, virus shedding, typical lesions and immunohistochemistry 
antigen detection in tissues after IN challenge. The reassortment of avian 
viruses with a PR8 backbone, associated with the deletion of the cleavage 
site reduces the virulence inhibiting the ability of the viruses to infect chick-
ens, generating safe vaccines that represent minimal risk for the poultry 
industry.

Key Words: Avian Influenza, Vaccine, PR8, Safety Test, Pathotyping

P254 Development of a novel in vivo experimental model to de-
termine antigenic differences between infectious bursal disease vi-
ruses Vijay Durairaj*SC, Holly Sellers, Egbert Mundt The University 
of Georgia, Athens, GA

Infectious bursal disease virus (IBDV) is a double stranded RNA virus 
causing infectious bursal disease (IBD) in chickens. IBDV targets pro-
liferating B-lymphocytes in the bursa of Fabricius (BF). IBDV under-
goes antigenic drift likely due to selection based on existing immunity in 
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the field. Thus, characterizing the antigenicity of IBDV plays an important 
role in selecting the right vaccine candidates. In this study, we developed 
an in vivo experimental model to differentiate antigenic variations in IBDV 
based on the antigenic predominant strain in the USA, the E/Del strain. 
Our objective was to find if a selected field strain was antigenically either 
similar or different from E/Del strain. As a first step, hyper immune serum 
was generated in SPF chickens using the E/Del-type virus. In the next step, 
a standard volume of the hyper immune serum was serially diluted and 
injected in SPF birds using different routes such as intravenous, subcutane-
ous, and intramuscular. The chickens were bled at different time points in 
order to study the dynamics of virus neutralization titers (VNT). Based on 
the results, chickens were injected with different serum dilutions by the 
subcutaneous route. Twenty four hours later, chickens were bled and then 
challenged with 100 CID50 of the E/Del virus and a field virus of interest. 
VN assay was conducted to determine the VNT. Chickens were necropsied 
7 d p.i. to remove the BF and histopathological analysis was conducted 
to determine the bursal lesion score (BLS) which was used to determine 
the breakthrough titer in the in vivo chicken model. The advantage of this 
system was that the breakthrough titer value was determined based on the 
lesions in the primary target of IBDV, the BF. This model displays the most 
sensitive model for virus infection with non-tissue culture adapted IBDV.

Key Words: IBDV, antigenic variations, in vivo experiment, bursal le-
sion score, virus neutralization assay

P255 Vector HVT-IBDV efficacy against classical, variant and 
vvIBDV in SPF birds and commercial layers. Francisco Pero-
zo* Universidad del Zulia, Maracaibo, Zulia, Venezuela

This work aims to assess the efficacy of a vector HVT vaccine express-
ing the 52/70 Faragher strain VP2 (vaccine A) against classical, variant E-
like and very virulent infectious bursal disease virus (vvIBDV) in specific 
pathogen free (SPF) birds and commercial layers. Results were compared 
with a vector HVT vaccine expressing variant E strain VP2 (vaccine B) 
and with live IBDV vaccination. SPF birds were vaccinated with the vector 
vaccines at day 1 and challenged at 22 days with either classical Winter-
field, variant E-like or vvIBDV from Philippine. A second trial compared 
efficacy against a vvIBDV challenge (California isolate) in 35 days old 
commercial layers for the vector vaccines (day 1) and live IBDV vaccina-
tion (days 14 and 21). Mortality, gross lesions, bursal index and histopa-
thology were evaluated as protection criteria. Protection against the clas-
sic Winterfield strain and the Philippines’ vvIBDV was 95% and 75% for 
the vaccine A and vaccine B, respectively. Both vector vaccines protected 
properly and equally against the Philippine variant E-like strain. For the 
California vvIBDV challenge in commercial layers both vector vaccines 
yielded significantly higher (P<0.05) bursal indexes than live IBDV vacci-
nation. Nevertheless, no gross bursa lesions were observed in the vaccine A 
group, but showed in 56% of vaccine B and in 100% of the live IBDV vac-
cinates. The lowest bursal histopathology grading was observed with vac-
cine A, additionally no challenge virus RT-PCR detection was possible in 
bursas from this group, suggesting optimal protection against the California 
vvIBDV. Overall, the results demonstrated that vaccine A provided equal 
protection against variant strains and was more efficacious against classical 
and vvIBDV, when compared with vaccine B and live IBDV vaccination.

Key Words: Infectious bursal disease virus, vector HVT-IBDV, vac-
cination, variant strains, vvIBDV.

P256 Persistence of IBV Arkansas vaccine virus and the genetic 
characterization of S1 gene Ha-Jung Roh*SC, Deborah Hilt, Mark 
Jackwood University of Georgia, Poultry Diagnostic and Research 
Center, Athens, GA

It is common practice to deliver multiple serotypes of live attenuated IBV 
vaccines to commercial broilers in the hatchery. In recent studies, the per-

sistence of Arkansas viruses in vaccinated birds was observed. To deter-
mine if vaccine interference plays a role in the persistence of Arkansas, we 
vaccinated one-day old broilers in a spray-cabinet with either single vac-
cine (Ark-DPI, Ma5, or GA98) or a combination of two vaccine strains of 
IBV and the birds were challenged with homologous serotypes on day30. 
Tracheal swabs, tears, serum, and trachea tissue were taken on sample days. 
The presence of virus was determined by realtime RT-PCR using RNA 
extracted from tracheal swabs and tears. Our data indicate that inadequate 
protection against Arkansas was observed in the Arkansas-only-vaccinated 
group and instead of interference, it appears that other IBV vaccine types 
slightly enhance the protection against Arkansas. We analyzed the S1 gene 
sequences of the Ark-DPI vaccine virus, Ark-DPI challenge virus, and the 
vaccine virus isolated from Arkansas-only-vaccinated group. The genetic 
relationship between the viruses will be presented.

Key Words: Infectious bronchitis virus, Arkansas, vaccine, S1 gene

P257 Newcastle Disease Post-Challenge Antibody Response in 
Vaccinated White Leghorn Laying Hens - Higher GMT at 10 to 
15 Weeks Maintains Healthy Egg Production Levels Ruben Me-
rino*1, Alejandro Rojas2, Ramon Ochoa2 1Departamento de Medicina 
y Zootecnia, FMVZ, UNAM, Coyoacan, Mexico, 2Merial Mexico, El 
Marques, Queretaro

Vaccination is the main measure to control Newcastle disease where the viru-
lent strains are endemic. The aim of this study was to measure the antibody 
response and productive performance of vaccinated White Leghorn laying 
hens challenged with the Mexican Chimalhuacan ND strain at 25 weeks old. 
Three groups of vaccinated laying hens were challenged. The vaccination pro-
gram included live LaSota strain at 1, 3, 5, 6 and 15 weeks of age, and killed 
vaccines at 5, 10 and 15 weeks. Group A received no vaccine after 10 weeks 
old. Groups B and C received a different killed strain at 10 and 15 weeks old 
(B= P2005, C= Uster). After challenge, all hens were observed for 4 weeks 
for clinical signs, egg production, weight and external quality of the egg. Se-
rum samples were collected at challenge, 1, 2 and 4 weeks post challenge, and 
then tested by ELISA (AffiniTech, LTD, Arkansas, USA). The ELISA geo-
metric mean titer (GMT) previous to challenge and one week post challenge, 
respectively reported Group A titer results (109 v. 416) were lower (P<0.05) 
than in groups B (8,966 v. 16,082) and C (10,394 v. 17,961). Seroconversion 
was detected from one week post-challenge to the end of the study. Group A 
showed the most severe clinical symptoms after challenge, but a relative low 
mortality of 12%. This study shows that ELISA GMT as low as 109 can protect 
an estimated 90% of the laying hens against mortality; however, cannot avoid 
the ill effect on egg production. In contrast, the ELISA GMT about 9,000 and 
above 10,000 protected 96% and 100% against mortality (groups B and C, 
respectively). Egg production was above 90% at challenge, for all groups; the 
mean egg production in the 4 weeks post challenge period was lower (P<0.05) 
in group A (28.18%) than in B (78.04%) and C (82.72%) groups. Shell-less 
eggs were higher (P<0.05) in group A (25.75%) than in groups B (2.6%) and 
C (1.52%). The finding is that there was no statistical difference in egg weight 
from all groups. Vaccination program in group A protected 88% of the hens to 
survive the challenge, but did not avoid the drop in egg production and qual-
ity. This finding reinforces the need of having a high antibody titer before the 
onset of egg production. The vaccination program in group C fully protected 
against mortality and maintained egg production above 80% and reduced the 
production of shell-less eggs. The ELISA test was useful to detect the infection 
by seroconversion in flocks with high humoral immunity against Newcastle 
disease. A Newcastle disease vaccination program for White Leghorn laying 
hens should be based on the degree of immunity necessary, the costs involved 
and the exposure to local field viruses.

Key Words: Newcastle disease, ELISA titer, Chimlahuacan strain, laying hen
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P258 Exchange of Newcastle disease virus F and HN genes into 
a vaccine backbone:  effects on virulence Stivalis Cardenas Gar-
cia*1, Leonardo Susta2, Diego Diel3, Eduardo Lucio Decanini1, An-
gel Absalón4, Corrie Brown2, Qingzhong Yu3, Patti Miller3, Claudio 
Afonso3 1Investigación Aplicada S.A., Tehuacán, Puebla, Mexico 2The 
University of Georgia, College of Veterinary Medicine, Athens, GA 
3Southeast Poultry Research Laboratory, Athens, GA 4Centro de Inves-
tigación en Biotecnología Aplicada del Instituto Politécnico Nacional. 
Carretera Estatal Santa Inés Tecuexcomac-Tepetitla, Tepetitla, Tlax-
cala, Mexico

Newcastle Disease Virus (NDV) is the causative agent of Newcastle 
disease (ND), a very important infection that causes significant eco-
nomic losses to the poultry industry. Currently, viruses of genotype V, 
VI, and VII circulate worldwide causing significant mortality in poorly 
vaccinated chickens. The most widely used ND control method is the 
live LaSota vaccine, based on a virus of Class II, genotype II. Recom-
bination between the LaSota vaccine and virulent viruses of genotype 
VII has been reported in Asia. However, the effect of those genetic ex-
changes on virulence has not been evaluated. Because of the possibility 
of additional natural genetic exchanges between the LaSota live vac-
cine viruses and circulating virulent NDV, it is important to understand 
the potential risks of exchanging virulent genes into vaccine backbones. 
Here we describe the replacement of the F and HN genes from a me-
sogenic virus representative of genotype VI, and from three velogenic 
viruses representative of genotypes V, VIIa, and VIId, respectively into 
the LaSota backbone. These virulent recombinant constructs were res-
cued by reverse genetics and the pathogenicity was compared with the 
pathogenicity of their correspondent wild type viruses. Mean Death 
Time in eggs (MDT), Intracerebral Pathogenicity Index (ICPI) assay, 
and survival of naïve adult birds were analyzed.

Key Words: NDV, virulence, vaccine, reverse genetics, recombination

P259 The development of a multiplex PCR to identify plc, cpb, 
iA, etx, cpe, tpeL and netB toxin encoding genes in Clostridium per-
fringens MA Bailey*SC, KS Macklin, MA Liles, JT Krehling, ZT Wil-
liams Auburn University, Auburn, AL

In recent years, the role of the Clostridium perfringens (CP) alpha-toxin 
in the pathogenesis of necrotic enteritis has come into question. The re-
cently discovered NetB toxin has been demonstrated to be important for 
the development of necrotic enteritis with certain strains of CP. Despite 
this revelation, there has been limited research inquiring into the oc-
currence of the NetB toxin gene among strains isolated from outbreaks 
of necrotic enteritis in the United States. In addition, previous studies 
used separate PCR reactions to test extracted DNA for toxin encod-
ing genes. One multiplex reaction detects the plc, cpb, iA, etx, and cpe 
genes which encode for the alpha-, beta-, iota-, epsilon- and entero- 
toxins, respectively and two single PCR detect the tpeL and netB genes 
which encode for the TpeL and NetB toxins, respectively.

Key Words: Clostridium perfringens, NetB, TpeL, toxins, multiplex 
PCR

P260 The requirement for mixing live Mycoplasma gallisepticum 
vaccines during spray administration to maintain vaccine homoge-
neity Spencer Leigh*, Jeff Evans, Scott Branton USDA-ARS Poultry 
Research Unit, Mississippi State, MS

Spray application of live Mycoplasma gallisepticum (MG) vaccines is 
the fastest and least expensive method of application for MG vaccines. 
Many different types of spray application systems are in use for vaccine 
administration. One difference among the various sprayer systems is 
the ability to recirculate and continuously mix the vaccine. This study 
was designed to analyze the need for continued mixing of the vaccine 

solution in order to maintain a homogeneous solution during vaccine 
application. Commercial F-stain vaccine (AviPro® MG F) was rehy-
drated and diluted in phosphate buffered saline in accordance with field 
practices. Dextrose was added to the solution to maintain MG viabil-
ity without growth during the experiment. The vaccine solution was 
poured into columns, and samples from the static solution were taken 
from 1, 25, and 50 cm above the base of the column. Samples were 
taken at 15, 30, 60, and 120 minutes and compared to a control that was 
mixed prior to sampling. Results indicate that no significant sedimenta-
tion occurred over the course of the experiment when comparing the 
mixed control to any of the samples. These results suggest that there is 
no need for continuous MG vaccine mixing if vaccine is applied within 
the measured 2 hour time frame.

Key Words: Mycoplasma gallisepticum, vaccine

P261 Decay of maternal antibodies against a group of pathogens in 
broiler chickens Saad Gharaibeh*, Kamel Mahmoud Jordan Univer-
sity of Science and Technology, Irbid, Jordan

The objective of this study is to determine decay rate maternal-anti-
bodies against a group of major chicken pathogens. Thirty one-day old 
broiler chicks were obtained from a commercial hatchery and reared in 
isolation. These chicks came from a breeder flock that received a rou-
tine vaccination program. Chicks were bled at hatch and every 5 days 
up to 45 days of age. At each time point, antibody titers were measured 
by ELISA for AE, AIV, CAV, IBDV, IBV, LT, MG, MS, and Reo. In 
addition, antibody titers for NDV were measured using hemagglutina-
tion inhibition test. Half-lives in days for antibody titers were 5.3, 4.2, 
7, 5.1, 3.9, 3.8, 4.9, 4.1, 6.3, and 4.7 for AE, AIV, CAV, IBDV, IBV, LT, 
MG, MS, NDV, and Reo. There was a statistically significant difference 
between maternal-antibody decay-rate against certain pathogens.

Key Words: Maternal antibody, decay, half-life, chickens
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