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    2   The effects of growth rate on valgus, varus and tibial 
dyschondroplasia of broilers. M. Y. Shim*1SC, A. B. Karnuah1, N. 
B. Anthony2, G. M. Pesti1, and S. E. Aggrey1, 1University of Georgia,
Athens, 2University of Arkansas, Fayetteville.
Fast growing (FG) broilers are especially susceptible to bone abnor-
malities, causing major leg problems for broiler producers. The corti-
cal bones of FG broilers are highly porous which may lead to bone 
deformities. Leg angulations described in the twisted legs syndrome as 
valgus and bilateral or unilateral varus were investigated in 4 wk old 
Arkansas randombred broilers. Valgus angulation was classified as mild 
(tibia-metatarsus angle between 10 and 25°), intermediate (25 to 45°) 
and severe (>45°). Body weight was measured at hatch and at 6 weeks. 
Two subpopulations, slow growing (SG) and FG broilers, were created 
based on their growth rate from hatch till 6 weeks of age. There were 
581 and 585 individuals in the SG and FG populations, respectively. 
Tibial dyschondroplasia (TD) incidences were determined by making 
a longitudinal cut across the right tibia at the end of the experiments. 
The TD bone lesion is characterized by an abnormal white, opaque, 
unmineralized, and unvascularized mass of cartilage occurring in the 
proximal end of the tibia. It was scored from 1 (mild) to 3 (severe) 
depending on cartilage plug abnormality size. Mean lesion score of 
valgus left and right (0.40 and 0.38) and TD (0.06) of FG were higher 
than those (0.26, 0.28, and 0.02) of SG broilers (P = 0.0002, 0.0037 and 
0.0269, respectively). There was significantly more valgus and TD in 
the FG broilers compared with with the SG broilers.
Key Words: valgus, varus, tibial dyschondroplasia, Arkansas random-
bred, broilers

    3   The effects of growth rate on leg morphology, weight and tibia 
breaking strength of broilers. M. Y. Shim*1SC, A. B. Karnuah1, N. B. 
Anthony2, G. M. Pesti1, and S. E. Aggrey1, 1University of Georgia, 
Athens, 2University of Arkansas, Fayetteville.

Fast growing (FG) broilers are especially susceptible to bone abnormali-
ties, causing major leg problems for broiler producers. The cortical bones 
of FG broilers are highly porous which may lead to bone deformities. Leg 
problems were investigated in 4 wk old Arkansas randombred broilers. 
Body weight was measured at hatch and at 6 weeks. Two subpopula-

   1   Effects of protected sodium-n-butyrate (BP70), its combination 
with essential oils (BP70+EO), and of a Bacillus amyloliquefaciens 
probiotic (Ecobiol) in a necrotic enteritis artificial infection 
model in broilers. Á Jerzsele1, K. Szekér1, P. Gálfi1, M. Puyalto2, P. 
Honrubia2, and J. J. Mallo*2, 1Faculty of Veterinary Sciences, Szent 
István University, Budapest, Hungary, 2Norel S.A., Madrid, Spain.
The aim of the study was to investigate the effects of BP70, BP70+EO 
and of Ecobiol after a challenge with Clostridium perfringens A in a 
clinical trial in broiler chickens. The severity of necrotic enteritis was 
determined by gross pathological and histopathological examinations. 
The immunomodulatory effects of the feed additives were evaluated 
based on the gene expression changes of different elements of the 
immune response determined by quantitative RT-PCR. Experimental 
animals (n = 88) were fed with a drug-free, high-protein diet contain-
ing 25% fishmeal supplemented with different feed additives: (A) 1.5g 
BP70/kg feed, (B) 1.5g BP70+EO/kg feed or (C) 1.0g Ecobiol/kg feed. 
All birds were treated with Gumboro vaccine before and Paracox-5 
vaccines during the infection with the C. perfringens A strain. Growth 
rates of chickens showed differences only in the BP70+EO group: 
these animals grew significantly faster than the control animals. Gross 
pathological examination showed lower lesion scores in these birds. 
Histopathological scores, however, showed no significant differences. 
In uninfected animals, BP70 supplementation resulted in no changes in 
the examined gene expression levels, while Ecobiol supplementation 
caused a significant upregulation in IL-1β expression compared with 
the control group (beacuse of the vaccination). The greatest changes in 
the gene expression profile occurred due to the BP70+EO supplemen-
tation (upregulation of IL-1β, IL-2 and CD3γδ and downregulation of 
TNFSF15 genes). In the infected animals with BP70 supplementation, 
a significant upregulation of IL-2 gene was observed. Ecobiol supple-
mentation resulted in no significant differences in gene expression 
profiles between infected and non-infected birds. According to our 
results, BP70+EO supplementation caused a complex modulation in 
the immune response and resulted in better weight gain, and a moderate 
protective effect against the artificial infection.

Key Words: butyrate, probiotic, essential oils, Clostridium, necrotic 
enteritis
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tions, slow growing (SG) and FG broilers, were created based only on 
their growth rate from hatch till 6 weeks of age. There were 511 and 546 
individuals in the SG and FG populations, respectively. At 6 weeks of 
age, the chickens were slaughtered and chilled at 4°C overnight before 
deboning. Shank (77.78 ± 0.38), drum stick (190.06 ± 0.88), and thigh 
weights (232.86 ± 1.15) of FG broilers were higher than those of SG 
broilers (55.27 ± 1.27, 135.39 ± 0.68 and168.89 ± 1.01, respectively; 
P < 0.0001). Meat-free tibias were refrigerated within 48 h at 0°C. 
Tibia weights (15.35 ± 0.10) of FG were also greater than those of SG 
btoilers (11.23 ± 0.09; P < 0.0001). Shank length (81.50 ± 0.20) and 
tibia length (104.34 ± 0.19) of FG broilers were longer than those of 
SG broilers (71.88 ± 0.21 and 95.97 ± 0.22, respectively; P < 0.0001). 
Tibia diameters were measured at narrowest and widest places. Shank 
diameter (11.59 ± 0.07) and tibia diameter (7.45 ± 0.03 and 8.95 ± 0.03, 
respectively) of FG broilers were wider than those of SG broilers (9.45 
± 0.08, 6.24 ± 0.03 and 7.38 ± 0.03, respectively; P < 0.0001). Bone 
breaking strength of tibia was measured using an Instron tensile test 
equipment with a deformation rate was 5mm/min. Tracing of force was 
recorded at constant rate. Maximal force (kgf) is reached which measure 
of the energy stored in the bone. Average maximal force of FG broiler 
tibia (28.51 ± 0.33) was higher than those of SG broiler tibia (21.81 ± 
0.28; P < 0.0001). FG broilers had longer, wider, heavier and stronger 
bones than SG ones.

Key Words: broilers, shank, tibia, bone strength

    4   The effect of a Lactobacillus-based probiotic in combination 
with a Salmonella-vectored Eimeria vaccine candidate against 
coccidiosis in broilers. D. Hancock*1SC, S. Shivaramaiah1, J. R. Barta2, 
S. L. Layton1, C. J. Kremer1, C. Lester1, A. D. Wolfenden1, G. Tellez1, 
and B. M. Hargis1, 1University of Arkansas, Fayetteville, 2University 
of Guelph, Guelph, ON, Canada.

Coccidiosis caused by parasites of the genus Eimeria is an important 
disease with large-scale commercial implications. A novel attenuated 
Salmonella enteritidis strain expressing TRAP upstream (TRAP US) 
oligopeptides in association with a potential immunostimulatory CD154 
sequence, has been previously evaluated and shown to induce partial 
protection against an E. maxima challenge. Presently, the ability of a 
laboratory developed Lactobacillus-based probiotic FloraMax (FM-B11) 
to ameliorate Eimeria-induced necrotic enteritis was evaluated. Day-
of-hatch broiler chicks were grouped based on treatment and 108cfu/
chick of the candidate vaccine was orally administered to each group. 
Non-immunized controls were sham vaccinated with saline. At 14d of 
age, a 72h treatment of the probiotic (106 cfu/ml) was administered 
in drinking water. At 21d of age, all groups were challenged with 5 × 
104 sporulated oocysts of E. maxima orally. Body weight gain (BWG) 
was evaluated during the challenge period in addition to lesion scores, 
mortality and enumeration of Clostridium perfringens in the ileum by 
RT-PCR. Data were subject to ANOVA (SAS, 2009) and partitioned 
means were deemed significant at P < 0.05. FM-B11 treated broilers 
had higher BWG, reduced mortality and lesion scores as compared with 
TRAP US (P < 0.05). In a second experiment, probiotic treated chicks 
showed significant differences (P < 0.05) in terms of all of the above 
parameters in addition to lower ileal C. perfringens as compared with 
chicks treated with the antibiotic BMD. In conclusion, this probiotic was 
able to significantly improve vaccine efficacy by ameliorating Eimeria-
induced necrotic enteritis and may provide a useful alternative tool for 
controlling necrotic enteritis.

Key Words: Salmonella, coccidiosis, necrotic enteritis, probiotic

    5   Effects of corn naturally contaminated with deoxynivalenol 
(vomitoxin) on broiler performance, intestinal physiology and the 
immune system. L Xu*1, S. D. Eicher2, and A Applegate1, 1Purdue 
University, West Lafayette, IN, 2USDA/ARS, West Lafayette, IN.
An experiment was conducted to determine the impacts of different 
concentrations of deoxynivalenol (DON) on performance, intestinal 
morphology and innate immune response in broilers. A 3-week feeding 
study with 5 concentrations of DON was conducted to measure BW and 
feed intake. Dietary DON concentrations were formulated to contain 
0, 3, 6, 9, 12mg/kg of DON (n = 8 cages/treatment; 8 birds/cage). BW 
was recorded at 7, 14, and 21 d of age. At 21d of age, birds fed 12mg/
kg DON had 9.6% lower BW vs birds in the control group. Dietary 
DON had no effect on feed intake at 21 d of age. Additionally, birds 
were either not injected or injected with lipopolysaccharide (LPS; i.p. 
1mg/kg of BW) 24 h before tissue and blood collection. Dietary DON 
had no effect on crypt depth, but increased villus height by feeding 
up to 6mg/kg DON versus the control (P = 0.02). Serum complement 
activity was not affected by DON whether or not they were challenged 
with LPS. The proportion of heterophils in whole blood decreased and 
the number of lymphocytes increased linearly when feeding DON in 
the LPS challenged birds (P < 0.05) but was unaffected when birds 
were not challenged with LPS. Cecal tonsil cells were cultured with 
Staphylococcus aureus or FluoSpheres beads and phagocytic activities 
measured via flow cytometry. Cecal tonsil cell phagocytosis of beads 
was not affected by DON with or without LPS challenge. Conversely, 
phagocytic capacity of cecal tonsil cells to killed S. aureus was sig-
nificantly reduced over 2.5 fold when birds were fed 12 mg/kg DON 
(non-LPS challenged; P < 0.05), however, there was no effect of dietary 
DON when birds were challenged with LPS. Overall, corn naturally-
contaminated with up to 12 mg/kg DON reduced broiler BW at 21 d of 
age and reduced phagocytosis of a killed S. aureus by cecal tonsil cells 
in unchallenged birds, and greatly decreased heterophil:lymphocyte 
ratios in LPS challenged birds.
Key Words: deoxynivalenol, lipopolysaccharides, broiler, intestinal 
physiology, innate immunity

    6   Transmissibility of commercially available, live F strain 
Mycoplasma gallisepticum vaccine. S. L. Branon*1, J. L. Purswell1, 
J. D. Evans1, S. A. Leigh1, S. D. Collier1, H. A. Olanrewaju1, W. 
B. Roush1, and G. T. Pharr2, 1USDA-ARS Poultry Research Unit, 
Mississippi State, MS, 2College of Veterinary Medicine, Mississippi 
State, MS.
Commercially available, live F strain Mycoplasma gallisepticum (FMG) 
vaccine (Fort Dodge) was used to eyedrop inoculate each of 4 layer 
chickens at 10 weeks of age (WOA) which were placed in a pen (Pen 
A) with 16 broiler chickens which were 7 DOA. Twenty broilers 7DOA 
were housed in each of 5 additional pens (Pens B-F) which were situated 
relative to Pen A so as to be 1) across and adjacent and separated by 
a short, solid partition (Pen B), 2) upstream (toward the air inlet) and 
separated by a pen width (Pen C), 3) downstream (toward the exhaust) 
and separated by a pen width (Pen D), 4) downstream and separated 
from Pen A by 4 pens widths (Pen E), and 5) downstream and separated 
from Pen A by 8 pen widths (Pen F). Temperature and ventilation were 
maintained for broiler growth through 70 DOA whereupon all birds 
were bled and swabbed for MG. Results of the study showed 12 of 
the 16 broilers and all 4 layers housed in the same pen demonstrated 
MG seroconversion via SPA test. Culture results yielded MG from 10 
broilers and each of the 4 layers housed in Pen A. No other broilers in 
the study either seroconverted or yielded MG subsequent to culture of 
either the trachea or choanal cleft.

Key Words: poultry, layers, broilers, F strain
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    7   Inflammatory response and oxidative stress in chickens 
fed arginine, vitamin E and mannanoligosaccharides. C. A. 
Ruiz-Feria*1, G. Casco-Montenegro1, D. Chan-Diaz1,2, and A. Pro-
Martinez2, 1Texas A&M University, College Station, 2Colegio de 
Postgraduados, Montecillos, Mexico State, Mexico.

We previously reported that chicken immune function is improved with 
supplemental vitamin E (VE) and arginine (Arg). The objective of this 
study was to evaluate inflammatory response (IFN-γ and nitric oxide, 
NO), and oxidative stress (thiobarbituric acid reactive substances, 
TBARS) of birds fed a corn-soybean meal diet (3,200 Kcal / kg of 
feed, 23% CP, 1.4 Arg, and 40 IU of VE / kg of feed, CTL) or the same 
diet supplemented with Arg and VE (0.3% and 40 IU / kg of feed, 
respectively; AVE), mannanoligosaccharides (0.2%, MOS), or Arg, VE 
and MOS (same levels as before, AVM). At d 21, 10 birds / treatment 
were bled from the wing vein (T0), then injected i.p. with a solution 
of lipopolysaccharides (LPS, E. coli 055:B5, 2 mg / kg of BW, Sigma 
Co.), and bled at 3, 6, and 12 h after the LPS challenge (T3, T6, and 
T12, respectively). Serum was collected and frozen until analysis. The 
IFN-γ levels were highest in the MOS birds at T0, not different among 
treatments at T3, but at T6 birds fed the MOS or AVM diet had lower 
levels of INF-γ than birds fed the CTL diet, and at T12 bird fed the 
MOS diet had lower levels of INF-γ than birds fed the CTL or AVM 
diet. Nitric oxide was lower in the MOS-fed birds than in the CTL and 
AVE-fed birds at T0, but was not different among treatments at T3; at 
T6 NO was highest in the CTL birds with similar levels among the other 
treatments; no differences in NO among treatments were found at T12. 
The TBARS levels were not affected by dietary treatment at T0, T3, or 
T6, but at T12 birds fed the MOS diet had lower levels of TBARS than 
birds fed the AVE diet. Our results indicate that MOS or the combina-
tion of Arg and VE modulate the inflammation process, but their effects 
are not complementary.

Key Words: inflammation, arginine, vitamin E, mannanoligosaccha-
rides, broilers

    8   Performance characteristics and carcass quality of broiler 
chicks under high stocking density fed vitamin E supplemented 
diets. O.A Adebiyi*1, O.A Adu2, and M.D Olumide1, 1University of 
Ibadan, Ibadan, Oyo state, Nigeria, 2Federal University of Technology 
Akure, Akure, Ondo state, Nigeria.

Two hundred and 70, day-old Arbor Acre strain of broiler chicks were 
used for this research. The birds were randomly divided into 5 treatment 
groups of 10 birds/m2 /replicate (0.1m2/bird) in Treatment 1 (positive 
control) while those in Treatments 2 (negative control), 3, 4 and 5 had 
20 birds/m2/replicate (0.05m2/bird). Birds fed dietary Treatment 1 and 
2 had no supplementation with vitamin E, whereas birds on dietary 
Treatments 3, 4 and 5 had 50mg/kg, 100mg/kg and 150 mg/kg vitamin 
E supplementation respectively. All treatments were replicated 3 times. 
At the end of the 4 weeks of experiment, carcass characteristics (Cold 
shortening (CS), Thermal shortening (TS), Cooking loss (CL), Shear 
force (SF) and Water Holding Capacity (WHC)) of the birds were deter-
mined. There were no significant changes in the weight gain and final 
weight of the birds fed the different dietary treatments. However, the 
feed conversion ratio (FCR) revealed that birds on dietary treatment 2 
had the highest significant value of 3.29 compared with those on Vit E 
supplemented diets. No significant different was observed in the WHC of 
both raw (58.43% to 59.43%) and the cooked meat (59.02% to 59.51%) 
for all the treatments. Birds fed dietary treatment 2 (negative control) 
had the highest significant (P < 0.05) CS value of 3.50% compared with 
its counterparts on Vit E supplemented diets with values ranging from 
2.45% to 2.55%. No significant difference was observed in the SF of 

the birds in all the treatment with mean value ranging from 3.35% to 
3.60%. In conclusion broiler chicks could be stocked up to 20 birds/m2 
only if the diet is supplemented with 100mg/kg Vit. E.

Key Words: stocking density, vitamin E, carcass quality, broilers, 
supplemented

    9   Comparison between rinse and crush-and-rub sampling for 
aerobic bacteria recovery from hatching eggs after sanitization. 
J. L. Spickler*1SC, R. J. Buhr2, N. A. Cox2, D. V. Bourassa2, and L. 
L. Rigsby2, 1University of Georgia, Athens, 2USDA, ARS, Russell 
Research Center, Athens, GA.

This study compared surface and deep eggshell aerobic bacteria recov-
ered by rinse and crush-and-rub sampling methods for commercial 
hatching eggs after treatments with sanitizers. Eggs were arranged into 
5 treatments consisting of 3 sanitizers, water, and no-treatment. Sanitiz-
ers were hydrogen peroxide (H2O2), phenol, and a compound chemical 
(quaternary ammoniums+biquanide, Q4B). Eggs were sprayed accord-
ing to treatment and allowed to dry for 1 h before sampling. To collect 
samples for the eggshell rinse, each egg was massaged in a plastic bag 
with 20 mL saline. Eggshells were then aseptically cracked, the contents 
discarded, and individually crushed into 50 mL centrifuge tubes also 
containing 20 mL of saline. Aerobic bacteria were enumerated on Petri-
film after 48 h incubation at 37°C. Aerobic bacteria recovered (log10cfu/
mL) from the rinse were highest and similar for no-treatment (4.0a) and 
water (3.7a), lower for phenol (3.2b) and H2O2 (3.1b), and lowest for 
Q4B (2.4c). Crush-and-rub means were similar for no-treatment (2.5a) 
and water (2.3a), lower for phenol (1.6b), intermediate for H2O2 (1.2b,c), 
and lowest for Q4B (0.9c). The overall correlation between the rinse 
and crush-and-rub sampling methods for aerobic bacteria counts was 
r = 0.71. The correlation within each treatment revealed the following 
r values: no-treatment 0.55, water 0.72, H2O2 0.67, phenol 0.73, and 
Q4B 0.38. A second experiment was designed to further examine the 
lower aerobic bacterial levels recovered by crush-and-rub than recovered 
in the initial eggshell rinse sample. Eggs were either rinsed and then 
crush-and-rubbed or only crush-and-rubbed without a prior rinse. Results 
confirmed a significant decrease (1.5 log10cfu/mL) in bacteria levels 
between the initial rinse (4.4a) and subsequent crush-and rub (2.9b) for 
the same eggshell. For the crush-and-rub eggs with no previous rinsing, 
the bacteria recovery level (3.9a) was not significantly different from 
rinse levels. Therefore, either rinse or crush-and-rub sample methods 
can be used to recover eggshell aerobic bacteria.

Key Words: eggshell sanitization, aerobic bacteria, rinse, crush-and-
rub, hatching eggs

    10   Novel preharvest intervention strategy targets drinking water 
for the control of food borne pathogens in poultry production. T. J. 
Clark*SC, J. Hughes, B. Dean, D. Donoghue, P. Blore, S. Ricke, and S. 
Watkins, University of Arkansas, Fayetteville.
Controlling Salmonella remains a priority for the poultry industry. 
Drinking water chlorination and acidification were evaluated as an on-
farm Salmonella control option. Gas chlorine was injected to provide 
≥1 ppm free chlorine and acidified calcium sulfate also injected at a rate 
necessary to maintain ≥ 650 mV oxidation reduction potential (ORP). 
In 2 experiments, male broiler chicks were given this water sanitation 
program while control birds received de-chlorinated municipal water. 
Average weights, feed conversions and livability were measured at 21 
and 42 d of age. For each treatment, birds were challenged via the crop 
with nalidixic acid resistant Salmonella typhimurium (NAL-SAL) at 
either 7 or 35 d of age. At d 42, challenged and un-challenged birds 
were sacrificed and incidence of NAL-SAL determined. In trial 2, the 

Poult. Sci. 90 (Suppl. 1)
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chlorinated birds were significantly lighter with less mortality than the 
control birds at 42 d of age. There were no other significant differences 
in weight, feed conversion or mortality. In both trials, there was a 
significantly higher incidence of Salmonella in the chlorinated birds as 
compared with the control birds for birds challenged with NAL-SAL at 
7 d of age (14.16% vs. 0%);. However for birds given NAL- SAL at d 
35, the incidence of NAL-SAL was significantly higher for the control 
birds versus the birds receiving the treated water (17.76% vs. 0.93%). 
Results of this trial indicate that young birds exposed to NAL-SAL 
were not protected from infection by the sanitized water; possibly due 
to reduced water consumption during the first 2 weeks. However, older 
birds consuming chlorinated-acidified water had a reduced risk of Sal-
monella colonization. In conclusion, chlorine-acid based water sanitation 
providing ≥1 ppm residual free chlorine and 650 mV ORP could have a 
value in preventing late flock Salmonella contamination.

Key Words: chlorination, Salmonella, control, disease, incidence

    11   Optimization of eggshell disinfection using ultraviolet light 
and hydrogen peroxide. S. M. Gottselig*SC, K. S. Woodring, and C. 
D. Coufal, Texas A&M University, College Station.
Egg disinfection is an important issue to the poultry industry. Three 
experiments were conducted to evaluate treatment parameters in an 
effort to optimize the reduction of eggshell surface microorganisms 
using UV light (UV) and hydrogen peroxide. A UV chamber equipped 
with UV-C lamps (254 nm) was used in combination with hydrogen 
peroxide sprayed onto the eggs immediately before UV exposure. In 
the first experiment, 12 eggs per treatment were sprayed with 3%, 
4.5% or 6% hydrogen peroxide before UV exposure for 1 or 2 min. Six 
untreated eggs served as the control group. Total aerobic microorganism 
enumeration was accomplished by rinsing eggs in phosphate buffered 
saline and plating rinsate onto tryptic soy agar. Results indicated that 
3% hydrogen peroxide reduced microbial counts (log10 cfu/egg) equal 
to 4.5% and 6%. It was also found that 1 min of UV exposure was as 
equally effective as 2 min. The second experiment examined the effect 
of repeated applications of the combination of hydrogen peroxide and 
UV exposure. UV was administered for 1 min in combination with 
3% hydrogen peroxide for 1, 2 and 4 applications (32 eggs/treatment). 
Sixteen untreated eggs served as the controls. Data indicated that 2 
applications resulted in lower eggshell microbial counts than 1 appli-
cation, but 4 applications did not provide further reductions compared 
with 2 applications. In the third experiment, the effect of UV intensity 
in combination with hydrogen peroxide was investigated. Three UV 
intensities were used: high (14 mW/cm2), medium (8 mW/cm2), and 
low (1.3 mW/cm2). A total of 96 eggs were used for the treatment groups 
(32 eggs/treatment) and 16 untreated eggs served as controls. Results 
indicate that the medium intensity was equally as effective compared 
with the high, but the low intensity yielded the highest eggshell counts. 
The combination of these experiments has further defined the method-
ology for a simplistic eggshell disinfection technique that could have 
many applications in the commercial poultry industry where eggshell 
disinfection is important.

Key Words: ultraviolet light, hydrogen peroxide, eggshell, disinfec-
tion, microorganism

    12   Concentrations of different types of bacteria in poultry 
litter, at varying depths and locations within commercial broiler 
houses. Z. Williams*SC and K. Macklin, Auburn University, Auburn, 
AL.
Little is known about the stratification of bacteria within poultry litter.
The goal of this project was to determine if any differences in bacterial 
concentrations at different depths of litter from commercial broiler grow 

out houses exist. Litter core samples were taken from 3 locations within 
each house: cool pads, middle, and exhaust fan, from 2 houses on a com-
mercial broiler farm. Litter was approximately 10.16 cm deep in each 
house. Cored samples were taken of litter and approximately 5.08 cm 
into the dirt pad. Samples were collected from the farm when the bird 
ages were 2 and 5 weeks. From each cored sample, a subsample was 
taken from top 5.08 cm of litter (top), the portion of the litter directly 
above the dirt pad (middle), and the dirt pad (bottom). Samples were 
analyzed for total aerobes, anaerobes, E. coli, Staphylococcus spp. 
and Salmonella spp., by appropriate culturing methods. There was a 
non-significant decrease in numbers of bacteria from top to middle. A 
significant decrease (P < 0.05) was found for the bottom subsample for 
all bacteria tested compared with the middle and top core subsamples. 
Salmonella recovery was sporadic, and generally not recovered from 
litter cores. Sample location within each house only affected E. coli 
numbers, with a 1 log higher concentration found near the exhaust fans 
when compared with the middle and cool pads locations (P < 0.05). It 
is conjectured that higher concentrations of E. coli could be attributed 
to higher levels of litter moisture recorded near the exhaust fans com-
pared with the other 2 sampled locations. It is interesting to note that 
total anaerobe counts were significantly lower in the dirt pad portion of 
the litter; it was hypothesized that the dirt pad should have had higher 
anaerobic populations than the top. Less bacterial concentrations in the 
middle layer of litter indicates that a simple turning of litter to bring 
middle litter to the top may disperse the higher bacteria concentrations 
from the very top layer. This reduction in bacteria may reduce the spread 
of disease to sequential flocks.

Key Words: litter, management, disease, pathogen, bacteria

    13   Genetic analysis of ascites syndrome in commercial 
broilers using microsatellite markers. S. Krishnamoorthy*SC, N. 
Anthony, R. Wideman, D. Rhoads, and G. Erf, University of Arkansas, 
Fayetteville.

Although the ascites syndrome in chickens has been investigated for 
years, it continues to inflict financial losses to the world poultry indus-
try. It is estimated that 8% of the 361 million broiler deaths are due to 
ascites leading to losses of millions of dollars annually. Efforts to curb 
the incidence of ascites are typically designed to slow early growth. This 
limits the birdsâ€ ability to show its true genetic potential and impacts 
later yields. In 1994 lines divergent for susceptibility to ascites were 
established from a commercial sire line through sibling selection of 
birds reared at local altitude after testing sibs reared under simulated 
high altitude conditions. We used a whole genome SNP survey in our 
lines to identify regions associated with susceptibility. We identified 
7 potential regions. A detailed survey of the lines with micro satellite 
markers, after 16 generations of selection, found that the selected lines 
changed in allele frequency for 2 regions on chromosome 9 as compared 
with each other and the line of origin. Changes were consistent with 
patterns of susceptibility and resistance to ascites. In addition to the 
research populations, we have determined that 3 ascites susceptible com-
mercial lines are also segregating for resistance related alleles from these 
regions. The data support the predictive nature of these loci in that, the 
presence of a specific genotype is associated with resistance to ascites, 
which establishes that, one or more genes within these regions play 
an important role in ascites development. Future research will include 
testing for expression differences in the candidate genes between the 
populations and reducing the incidence of ascites in susceptible com-
mercial lines through marker assisted selection.
This work has been supported by NIH/NHLBI Grant 1R15HL092517 
01 and The Arkansas Biosciences Institute.
Key Words: ascites, poultry genetics, PHS, microsatellites, genetic 
selection
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16   Effect of a prebiotic (Fructomix) and peppermint essential 
oil on growth performance, digestibility, and gut cell morphology 
of male broilers. N. Khodambashi Emami, A. Samie,* and H. R. 
Rahmani, Isfahan University of Technology, Isfahan, Iran.

Due to increasing concerns about the use of antibiotics, a 6 week experi-
ment was conducted to evaluate a prebiotic (Fructomix) and peppermint 
essential oil as potential alternatives to antibiotic growth promoters. Total 
of 288 Ross 308 male broilers were used in a 2 × 3 factorial arrangement 
with 4 pens per treatment and 12 chicks per pen. Chicks were fed either a 
basal diet (treat 1) or the basal diet supplemented with 200 ppm pepper-
mint oil (treat 2), 400 ppm peppermint oil (treat 3), 500 ppm Fructomix 
(treat 4), 500 ppm Fructomix plus 200 ppm peppermint oil (treat5) or 
500 ppm Fructomix plus 400 ppm peppermint oil (treat6). Treatment 
means were tested for significance using the General Linear Models 
procedure of SAS software. Weight gain (g/bird/d) of chicks fed treat 
2 (44.91) was significantly higher, compared with treat 6 (41.31). Feed 
intake was similar in all treatments. Feed conversion ratio was signifi-
cantly better in treat 2 (1.75) compared with treat 3 (1.86) and 6 (1.89). 
Treat 2 had significantly (P < 0.05) higher crude protein digestibility 

(86.45%) in comparison with other treatments except treat 3 (79.88%). 
Results showed that ether extract digestibility were significantly (P < 
0.05) decreased in treatments 4 (75.61%), and 6 (73.75%) compared 
with 1 (85.82%) and 2 (84.86%). At d 42, 2 birds per pen were killed by 
cervical dislocation to determine duodenum and jejunum cell morphol-
ogy. Duodenum villus height (VH) was significantly (P < 0.05) higher 
in treatments 1 (1404μm) and 2 (1428μm) compared with treatments 3 
(1282μm) and 6 (1294μm). Duodenum villus height to crypt depth ratio 
(VH: CD) was significantly (P < 0.05) higher in treatments 2 (5.40) and 
5 (5.22) compared with treatments 3 (4.04) and 6 (4.15). Jejunum VH, 
crypt depth and VH: CD was similar in all treatments. Peppermint oil 
at 200 ppm concentration can act as a growth promoter by improving 
weight gain, digestibility and duodenum cell morphology in broilers.
Key Words: peppermint oil, Fructomix, growth performance, digest-
ibility, morphology

    17   Relationship between amino acid concentration and 
digestibility using the two amino acids digestibility datasets. M. 
Tahir*1 and G. M. Pesti2, 1Agricultural University, Peshawar, Khyber 
Pakhtunkhwa, Pakistan, 2University Georgia, Athens.

    14   Effects of membrane filtration on poultry processing 
wastewater. E. Abboah-Afari*SC and B. H. Kiepper, University of 
Georgia, Athens.

An experiment was conducted to measure the effects of membrane fil-
tration on poultry processing wastewater (PPW). Bulk grab samples of 
raw PPW were collected after primary (1500–3000µm) and secondary 
(508µm) offal screening, but before additional wastewater treatment at 
a commercial broiler processing plant. 4L subsamples of raw PPW were 
pre-sieved (500/106µm) and then filtered using one of 3 membranes 
(0.3µm PVDF, 0.1µm Polysulfone, or 100,000MWCO Ultrafilic) at 
one of 2 pressures (50 or 80 psi) for 2-h trials. The resulting 6 (3x2) 
treatments with 3 reps (18 total trials) were completed over 6-weeks, 3 
trials taking place one day per week. Mean chemical oxygen demand 
(COD) and total solids (TS) concentrations (mg/L) were determined 
for raw and pre-sieved PPW samples before each trial. Mean permeate 
flux (L/m2/h) was calculated and membrane permeate PPW samples 
were collected at 10 min intervals during each trial for subsequent COD 
and TS analyses. Results showed that mean COD and TS for raw PPW 
samples were 5263 mg/L and 3355 mg/L, respectively. Mean COD 
and TS for pre-sieved PPW samples were 4390 mg/L (17% reduction 
from raw) and 2991 mg/L (11% reduction from raw), respectively. 
The largest flux was generated by the 0.3µm membrane (121@80psi, 
109@50psi), followed by the 100,000MWCO (118@80psi, 100@50psi) 
and 0.1µm (103@80psi, 79@50psi) membranes. The lowest COD 
(mg/L) was produced by the 100,000MWCO membrane (412@80psi, 
518@50psi), followed by the 0.3µm (475@80psi, 585@50psi) and 
0.1µm (793@80psi, 944@50psi) membranes. The lowest TSS (mg/L) 
was produced by the 0.3µm membrane (2004@80psi, 1953@50psi), 
followed by the 100,000MWCO (2327@80psi, 2322@50psi) and 
0.1µm (2500@80psi, 2871@50psi) membranes. The largest COD% 
removal was produced by the 100,000MWCO (89%) and 0.3µm (88%) 
membranes, followed by the 0.1µm (80%) membrane. The largest TSS% 
removal was produced by the 0.3µm membrane (33%), followed by the 
100,000MWCO (24%) and 0.1µm (7%) membranes. In conclusion, the 
0.3µm membrane was the most effective, generating the cleanest perme-
ate while maintaining the highest flux, followed by the 100,000MWCO 
and 0.1µm membranes.

Key Words: membrane filtration, poultry processing, wastewater

    15   Effects of bleed time and scald temperature on poultry 
processing wastewater. H. S. Plumber*SC and B. H. Kiepper, University 
of Georgia, Athens, GA.

An experiment was conducted to measure the effects of bleed time and 
scald temperature on poultry processing wastewater (PPW). Twenty-
four 8-week old male broilers were randomly assigned to 4 treatment 
groups (n = 6): SS (short-bleed/soft-scald), SH (short-bleed/hard-scald), 
LS (long-bleed/soft-scald), and LH (long-bleed/hard-scald). Short-bleed 
= 60 s, while long-bleed = 120 s. Soft-scald = 50°C, while hard-scald 
= 60°C. The 24 trials (2x2 treatments with 6 reps) were processed in 8 
3-bird batches. Birds were electrically stunned, simultaneously decapi-
tated and bled for either 60 s (S) or 120 s (L) with draining blood captured 
and weighed. Additional blood loss dripped into individual scald tanks 
containing 16L of water heated to either 50°C or 60°C. Carcasses were 
then scalded for 2 min and removed. Samples of scald water were col-
lected and analyzed for COD, TS, TSS, TVS, and TKN concentration 
(mg/L). Samples were also analyzed for concentration (mg/L) of 18 
elements (Al, B, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, 
Si, and Zn). A PPW load (g/bird) was calculated for each concentration 
(mg/L) data point. Results showed that the mean live weight of birds 
was 4.09kg. Blood loss as % live weight for birds bled for 120 s (2.5%) 
was significantly greater than at 60 s (2.0%). The short-bleed time bird 
blood loss data (0.97 – 2.93%) varied twice as much as the long-bleed 
time birds (2.01 – 2.84%). The SS treatment produced the largest mean 
COD (10.82g), TS (8.48g), TVS (7.22g), and TKN (1.20g) PPW loads, 
and second largest TSS (1.64g) load. The SH treatment produced the 
largest mean TSS (2.46g) load, and the second largest COD (8.89g), 
TS (7.83g), TVS (6.38g), and TKN (1.04g) PPW loads. Of the 18 ele-
ments analyzed, 10 produced PPW loads (K 0.2585g, Na 0.1527g, Ca 
0.0989g, S 0.0584g, P 0.0455g, Fe 0.0375g, Mg 0.0310g, Mn 0.0016g, 
Zn 0.0008g, and Cd 0.0002g). In conclusion, the short-bleed time treat-
ments produced the greatest organic, solids and nutrient PPW loads as 
the SS treatment accounted for the highest COD, TS, TVS and TKN, 
while the SH treatment produced the largest TSS load.

Key Words: poultry processing, wastewater, blood loss
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Commercial companies databases (Evonik Degussa, ED, chick assays; 
and Ajinomoto Heartland, AH, rooster assays) were analyzed to test the 
hypothesis that amino acid (AA) digestibility = f (AA concentration) in 
the feed. Digestibility should be a property of the feed ingredient and 
not related to the concentration. Casual observation of a rooster assay 
database suggested that AA digestibility was related to its concentration. 
If the AAs concentration during an assay has a big affect on its digest-
ibility, then the results may not be valid at different levels. It is generally 
assumed that nutrient digestibility does not change between classes of 
birds, and AA digestibility values generated with roosters are widely 
used in feed formulation for broilers, laying hens and turkeys. Total AA 
concentration (tAA) and digestible amino acids (dAA) averaged 6% and 
14% higher in the AH than ED database, respectively. Variation around 
the regression line between databases increased with increasing dAA 
concentration. Differences in assay type were quantitative as slopes of 
dAA = f (tAA concentration) were positive for 19 of 20 ingredients in 
each database. However, in one analysis, the influence of concentration 
on digestibility was very unlikely to be due only to chance (P < 0.0006) 
as evidenced by concentration x assay type interaction. Removing AAs 
having lowest (TRP) or highest (ILE) concentration were not critical 
to the conclusion that dAA = f (tAA concentration). The effect of AA 
concentration on its digestibility was very similar for each AA except 
CYS. This relationship was also appeared to be related to the CP level 
in the ingredients and deviations from the mean were much larger with 
lower vs. higher protein supplements. Data from 3 research articles 
confirmed this relationship to not just be due to the different samples 
in the different databases. Therefore, to best predict digestibility of any 
AA in any ingredient, its intended concentration in the diet should be 
known. Further, AA digestibility values (% of diet) from the different 
databases are clearly not interchangeable.

Key Words: amino acids, digestibility, concentration, rooster, chick

    18   Effect of dietary nucleotide supplementation on performance 
and development of the gastrointestinal tract of broilers fed semi-
purified diets and challenged with Coccivac-B. B. Jung*SC and A. B. 
Batal, University of Georgia, Athens.

Two experiments were conducted to determine the effects of Torula 
yeast (TY) as a dietary nucleotide supplementation on performance 
and intestinal tract development of birds. In a 2 × 2 factorial design, 
one hundred and 60 8 1-d-old Cobb 500 male broilers were placed in 
battery brooders in 6 replicate pens containing 7 chicks each and were 
randomly assigned to 2 experimental diets in the presence or absence of 
Coccivac-B challenge ( × 25 of a dosage volume). In experiment 1, birds 
were fed a casein based diet with 0 or 0.25% supplementation of TY 
for 7 d. In experiment 2, birds were fed a crystalline amino acids (AA) 
mixture based diet with 0 or 0.25% of TY supplemented diet for 13 d. 
In experiment 1, the Coccivac-B challenge and the supplementation of 
0.25% TY to the casein based diet did not affect broiler performance, 
relative small intestinal weight and lesion scores significantly from 5 to 
12 d. Villous height and crypt depth of broilers fed diets supplemented 
with 0.25% TY were shorter than birds fed the casein diet without the 
TY supplementation but, the birds challenged with Coccivac-B had 
longer villous than the birds that were not challenged. In experiment 2, 
the Coccivac-B challenge and 0.25% TY supplementation to the crystal-
line AA based diet did not affect performance from 5 to 18 d. However, 
from 9 to 12 d, 0.25% TY supplementation increased feed intake. Birds 
fed diets supplemented with 0.25% TY or challenged with Coccivac-B 
had heavier relative jejuna weights than the birds fed the crystalline AA 
control diet or without challenge at 12 d. Also, birds challenged with 
Coccivac-B had higher villous height and crypt depth at 12 d but, at 18 
d the crypt depth was lower. In conclusion, the Coccivac-B challenge 

(the dosage volume × 25) to the birds fed semi-purified diets may not 
be enough to reduce performance but the challenge may increase villous 
height. The supplementation of 0.25% TY may increase relative jejuna 
weight of birds fed semi-purified diets at 12 d of age.

Key Words: Torula yeast (TY), casein, crystalline amino acids, mor-
phology, Coccivac-B

    19   Effects of dietary phytase and a carbohydrase-protease 
cocktail on the performance of broiler chickens fed different 
levels of sodium chloride. M Argüelles-Ramos*SC, J. Brake, and C. 
Stark, North Carolina State University, Raleigh.

Previous research suggested that the beneficial effect of enzyme supple-
ments on broiler performance could be influenced by the sodium chloride 
(salt) content of the diet. A broiler experiment was conducted to deter-
mine the effect of the inclusion of phytase (Pase) or a carbohydrase-
protease cocktail (CPC) that contained protease, xylanase, and amylase 
on broilers fed diets containing 2 levels of added salt. A total of 1024 
1-d-old Ross 344 × 708SF males were randomly distributed among 32 
pens. There were 8 dietary treatments that consisted of 2 salt levels: 
0.25% or 0.5%, and one of 4 energy/enzyme combinations: positive 
control (PC), negative control (NC), NC+Pase, and NC+CPC. The PC 
diets were formulated to be 100 kcal ME/kg higher than the NC diets. 
In the 0.25% salt diets, sodium bicarbonate was added to increase the 
sodium content of the diets to 0.21% Na, which was the same as for the 
0.50% salt diets. Pen BW and feed consumption (FC) were measured at 
0, 16, 35, and 42 d of age, and mortality was weighed and recorded twice 
daily to calculate the adjusted feed conversion ratio (AdjFCR). At 16 d 
of age an interaction (P < 0.05) was observed between dietary salt level 
and energy/enzyme combination where dietary Pase improved AdjFCR 
when combined with the 0.25% salt level, but not with the 0.50% salt 
level. In contrast, 16 d AdjFCR was improved in the CPC birds when the 
diet contained 0.50% salt but not when 0.25% salt was included. Also, 
at 16 d of age CPC birds had the highest FC (P < 0.05) when fed 0.25% 
salt, while CPC birds consuming 0.50% salt had the lowest FC. At 35 
and 42 d of age, broilers fed the NC and NC+Pase diets were heavier (P 
< 0.05) than PC and NC+CPC broilers. However, no differences were 
observed in AdjFCR for any of the energy/enzyme combinations at these 
ages. However, at 35 d broilers fed the 0.50% salt diets consumed less 
feed (P < 0.01) than broilers fed the 0.25% level diets. Based on these 
results, it was possible to conclude that salt levels in the diet could be 
affecting dietary enzyme function during early stages of life.

Key Words: salt, enzymes, phytase, carbohydrase, broiler

    20   Effects of various dietary and water sulfur concentrations 
on chick performance and water intake. J. Green*1SC, B. J. Kerr2, 
R. L. Payne3, and M. E. Persia1, 1Iowa State University, Ames, 2UDSA-
ARS, Ames, IA, 3Evonik-Degussa Corp, Kennesaw, GA.

Concern over sulfur (S) toxicity in poultry species has arisen partially 
due to increased use of dried distillers grains with solubles (DDGS) 
and other high S containing feed ingredients in combination with high 
S concentration in rural water. We hypothesized that supplementation 
of corn-soybean meal-DDGS diets with up to 1% lysine-sulfate or an 
equal amount of S in the form of sodium sulfide would not reduce the 
performance of growing chicks given access to either high- or low-S 
water. A 14 d assay was conducted with 480 male Ross broiler chicks 
allotted into 16 treatments of 6 replicate groups of 5 chicks each. The 
treatments were arranged in an 8 × 2 factorial with 8 diets: control, 
lysine-sulfate at 0.25%, 0.50%, and 1.00% (0.014, 0.028 and 0.056% 
supplemental S, respectively), sodium sulfide at 0.03%, 0.07%, and 
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0.14% (0.014, 0.028 and 0.056% supplemental S, respectively), and 
0.8% of supplemental dietary S form copper and zinc sulfate were fed 
to chicks receiving either a normal- or high-S water source. All diets 
were formulated to meet or exceed industry based nutrient require-
ments. Lysine·HCl was supplemented to maintain equal concentrations 
of Lys in all diets. Chicks were fed standard pre-test diets until 4 d of 
age when chicks received ad libitum access to experimental water and 
diets. Weight gain, feed intake, feed efficiency and water consumption 
were determined over the 4 to 18 d experimental period. There were 
no significant interactions between diet and water source. No dietary S 
treatment resulted in a significant difference from the control fed birds 
regardless of source or concentration of S. There was a significant but 
unexplained increase in weight gain and water intake with increasing 
water S. Under experimental feeding conditions, including the use of 
dietary DDGS and high-S water, supplementation of diets with up to 
1.0% lysine sulfate did not result in reduced performance in comparison 
to control fed chicks.
Key Words: broiler, sulfur, lysine-sulfate, performance

    21   Effect of supplemental lysine and glycine in low crude protein 
corn-soybean meal diets on growth performance of broilers. A. M. 
Waguespack*1SC, S. Powell1, T. D. Bidner1, L. L. Southern1, and R. 
L. Payne2, 1Louisiana State University Agricultural Center, Baton 
Rouge, 2Evonik-Degussa Corporation, Kennesaw, GA.
An experiment was conducted with Ross 708 broilers to determine 
the effect of feeding increasing levels of supplemental Lys without 
or with added Gly in low CP diets from 0 to 10 d of age (P1), and the 
subsequent effects of feeding these diets from 10 to 24 d of age (P2). 
Diets were corn soybean meal based (C-SBM) and were formulated to 
contain 1.27% standardized ileal digestible (SID) Lys for P1 and 1.10% 
SID Lys for P2. Treatments were replicated with 6 floor pens (3 male 
and 3 female) with 25 or 20 broilers each. During P1, the treatments 
were 0, 0.05, 0.10, 0.15, and 0.20% supplemental Lys without and with 
supplemental Gly to a total Gly+Ser level of 2.42%. The TSAA and 
Thr levels were held constant relative to SID Lys in all diets, and Val, 
Arg, and Ile were not added to any diet. Feed intake was greater and 
G:F was lower (P < 0.02) in males than in females. Daily gain was not 
affected by diet (P > 0.10). Feed intake was decreased by the 0.20% 
Lys level (quadratic, P = 0.02), but not at lower levels of Lys. Glycine 
addition decreased ADFI except at the 0.10% level of Lys (Gly x Lys, P 
= 0.06). Gain:feed was decreased by Lys supplementation except at the 
0.15 and 0.20% level (quadratic, P < 0.02). During P2, a common diet 
with 1.10% SID Lys was fed to all broilers. Average daily gain, ADFI, 
and G:F were greater in males than in females. Also, ADG was not 
affected during P2 by diets fed during P1 (P > 0.10). Glycine addition 
decreased ADFI in broilers fed 0 or 0.05% supplemental Lys, but not 
at higher levels (Gly x Lys, P < 0.01). Gain:feed was increased by Lys 
supplementation (linear, P < 0.08), but the effect was most evident at 
supplemental Lys levels of 0.15 and 0.20% (Lys x Gly, P < 0.10). The 
results of this experiment indicate that up to 0.15% supplemental Lys can 
be added to a C-SBM diet without or with Gly supplementation without 
reducing growth performance of d 0 to 10 broilers; however, addition of 
Gly to this diet improved G:F. Glycine addition in P1 decreased ADFI 
and increased G:F in P2, but the responses were most evident in birds 
previously supplemented with 0 to 0.10% Lys.
Key Words: broiler, glycine, lysine, low crude protein

    22   Response surface analysis of digestible balanced protein 
responses during grower and finisher phases of Ross 708 male 
broilers. N. Sriperm*SC and G. M. Pesti, University of Georgia, 
Athens.
A trial was conducted, using Ross x Ross 708 male broilers, to examine 
titrating digestible balanced protein (BP) during a grower phase (15 - 

34d) and up to either 42d or 49d in the finisher phase. Chicks (1,680) 
were placed in 48 floor pens and were randomly assigned to a 5-level-
2-factor Central Composite Rotatable Design providing 5 levels of BP 
during each of the 2 phases, generating 9 treatment combinations. The 
dLys level dictated the BP since key essential amino acids were set as 
minimums relative to dLys. Corn, soybean meal and meat and bone meal 
based diets were formulated to dLys levels of 0.75, 0.82, 1.00, 1.18 and 
1.25% during the grower and 0.69, 0.76, 0.92, 1.08 and 1.15% during the 
finisher phases. Body weight, body weight gain (BWG), feed intake (FI), 
dLys intake (per day and cumulative), feed conversion (FCR), mortal-
ity, live bird weight, carcass (C), breast meat (B) and leg quarters (L) 
weights were measured and yields were calculated. During the grower 
phase, the maximum dLys levels were 1.126, 0.984, 1.388, 1.134, 1.123, 
0.966, 1.135 and 1.135% for BWG, FI, FCR, live bird weight, C weight, 
C yield, B weight and B yield, respectively. Evaluating the combination 
of both phases up to 42d, the maximum dLys levels for the 2 phases 
were: 1.113 and 0.996% for BWG, 1.025 and 0.778% for FI, 1.125 and 
0.997% for live bird weight, 1.135 and 0.994% for C weight, 1.182 and 
0.981% for B weight, and 1.404 and 0.920% for B yield, respectively. 
Evaluating the combination of both phases up to 49d, the maximum 
dLys levels for the 2 phases were: 1.081 and 0.972% for BWG, 1.043 
and 0.802% for FI, 1.098 and 0.992% for live bird weight, 1.094 and 
0.988% for C weight, 1.094 and 0.995% for B weight, and 1.089 and 
1.004% for B yield, respectively. There were no interactions for any 
of the responses. Feeding low or high dLys in the finisher phase gave 
similar results if low or high dLys was fed in the grower phase.

Key Words: balanced protein, digestible lysine, broiler, feeding pro-
gram, response surface

    23   Broiler responses to diets varying in digestible lysine, 
valine, and isoleucine from 21 to 35 and 35 to 49 days of age. 
L. N. Rose*1SC, R. D. Mitchell2, R. L. Payne3, and W. A. Dozier, 
III1, 1Auburn University, Auburn, AL, 2Perdue Farms, Salisbury, 
MD, 3Evonik-Degussa, Kennesaw, GA.
This study examined growth and meat yield responses of broilers pro-
vided diets varying in digestible (dig) Lys and dig Ile and Val ratios from 
21 to 35 (experiment 1) and 35 to 49 (experiment 2) d of age. Heritage 
male broiler chicks (1,344, experiment 1; 1,408, experiment 2) were 
randomly distributed into 64 pens (0.09 m2/bird) at 1 d of age and fed 
common diets until 21 or 35 d of age. Broilers were fed experimental 
diets from 21 to 35 d (experiment 1) and 35 to 49 d (experiment 2) with 
each treatment replicated 8 times. Treatments were arranged factorially 
with 4 dig Lys levels with 2 Ile and Val ratios. Digestible Lys levels 
ranged from 0.93 to 1.08% and 0.84 to 0.99%, respectively for experi-
ments 1 and 2, in increments of 0.05%. In both experiments, dig Val 
and Ile ratios were formulated to 79 and 67 and 74 and 62, respectively. 
Ratios of dig Val and Ile were based upon dig Lys of 1.08 and 0.99% 
from 21 to 35 and 35 to 49 d of age, respectively. Digestible Lys × dig 
Ile and Val ratios did not (P ≥ 0.05) affect growth or meat yield in either 
experiment. Feed conversion linearly decreased (P ≤ 0.01) in broilers 
fed gradient concentrations of dig Lys in each experiment. Increasing 
dig Ile and Val ratios decreased (P ≤ 0.02) feed intake and feed conver-
sion (1.67 vs. 1.62, experiment 1; 2.04 vs. 2.01, experiment 2) in each 
experiment. Moreover, feeding broilers gradient concentrations of dig 
Lys resulted in quadratic increases (P ≤ 0.02) in total breast meat weight 
and yield from 35 to 49 d of age. These data indicated that feeding diets 
with adequate dig Val and Ile ratios and high concentrations of dig Lys 
(1.08%, experiment 1 and 0.94%, experiment 2) optimized feed conver-
sion of Heritage male broilers from 21 to 49 d of age.

Key Words: amino acid, broiler, lysine, isoleucine, valine
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    24   Effects of feeding distillers dried grains with solubles on broiler 
performance, carcass traits and selected intestinal characteristics. 
R. E. Loar II*SC, J. R. Donaldson, and A. Corzo, Mississippi State 
University, Mississippi State.

Distillers dried grains with solubles (DDGS) has become an available, 
and often economical option for incorporation into commercial poultry 
diets. A 2 × 5 factorial study (2 pre-finisher DDGS levels vs. 5 finisher 
DDGS levels) evaluated the dietary inclusion effects of feeding 2 levels 
(0 vs. 8%) of DDGS in a broiler diet during the starter and grower 
phases (0–14–28d; 40 replicates/trt) and subsequently feeding these 
a finisher phase diet (28–42d) with either 0, 7, 14, 21, or 28% DDGS 
(10 trt; 8 replicates/trt). Growth and meat yields were determined at 42 
d of age, and the liver dissected and measured for its relative weight 
and glycogen content. The intestine was used for measurement of ileal 
viscosity, and bacterial quantification via selective media and real-time 
PCR on cecal and ileal contents for Clostridium perfringens, Escheri-
chia coli and Listeria monocytogenes. When analyzing using selective 
media, an interaction was observed for E. coli and L. monocytogenes in 
the ileum, and L. monocytogenes in the ceca. During the starter phase, 
birds receiving DDGS in the diet exhibited significantly higher feed 
conversion (P < 0.01) than those that received no DDGS. The same 
feed conversion effect occurred in the 0–28d period (P < 0.0001), in 
addition to a significant decrease in weight gain (P < 0.05) among the 
birds receiving DDGS versus those without. During the finisher phase, 
as DDGS increased in the diet past 14%, a decrease in weight gain (P 
< 0.01) and feed intake (P < 0.01) was observed when compared with 
the control (0% DDGS). Dressing percentage declined once DDGS 
exceeded 14% of the finisher diet (P < 0.001). Increasing DDGS in the 
finisher diet led to an increase in relative gizzard weight (P < 0.001). 
DDGS can be incorporated into commercial broiler diets with minimal 
negative effects on growth and production, although it does appear to 
affect some aspects of gut microflora and functioning at 42 d of age.

Key Words: broiler, breast meat yield, intestinal microflora

    25   Apparent metabolizable energy and amino acid digestibility 
of low oligosaccharide soybean meal fed to broiler chickens. K. R. 
Perryman*SC, C. K. Gehring, and W. A. Dozier, III, Auburn University, 
Auburn, AL.

Two experiments were conducted to evaluate the effects of low-
oligosaccharide soybean meal (LO-SBM) on AMEn and amino acid 
(AA) digestibility from 28 to 32 d of age. Prior to experimentation, 
conventional soybean meal (CSBM) and LO-SBM were analyzed for 
crude protein, sucrose, raffinose, stachyose, starch, acid-detergent fiber, 
neutral-detergent fiber, and cellulose composition. Analyzed values (%, 
CSBM and LO-SBM) were 47.7 and 54.7, 6.95 and 8.38, 0.71 and 0.21, 
6.79 and 1.56, 0.89 and 1.24, 5.54 and 3.52, 8.09 and 4.60, and 5.53 and 
3.74, respectively. In experiment 1, 576 male Ross × Ross 708 chicks 
(12 birds per pen; 0.45 m2 per bird) were randomly assigned to 48 pens 
(16 replicate pens per treatment). Three dietary treatments were fed from 
18 to 32 d of age. A 48 h excreta collection period was conducted for 
AMEn determination from 29 to 31 d of age. Treatment 1 consisted of a 
basal diet formulated to contain corn, distillers dried grains with solubles, 
peanut meal, and poultry by-product meal as the primary ingredients. 
Treatments 2 and 3 consisted of 70% of the basal diet plus 30% CSBM 
or LO-SBM, respectively. Birds fed the LO-SBM had a significantly 
higher AMEn (2,435 vs. 2,241 kcal/kg, P = 0.011) compared with the 
CSBM. In experiment 2, 288 male Ross × Ross 708 chicks (12 birds per 
pen; 0.45 m2 per bird) were randomly assigned to 24 pens (12 replicate 
pens per treatment) and fed 1 of 2 semi-purified diets. Dietary treatments 
contained 43% CSBM or LO-SBM as the sole protein source. Standard-

ized ileal digestibility coefficients of Met, Lys, Thr, Val, and Ile were 
significantly higher (P < 0.001) for CSBM compared with LO-SBM. 
Conversely, total Met, Lys, Val, and Ile composition of LO-SBM was 2 
to 3 percentage points numerically greater than that of CSBM resulting 
in higher (P < 0.02) digestibility values for these 4 essential AA. These 
results indicated that LO-SBM had higher AMEn and digestible Met, 
Lys, Val, and Ile values than the CSBM source.

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

    26   Effects of corn source on the relationship between in vitro 
protein solubility and ileal nutrient digestibility. C. K. Gehring*1SC, 
M. R. Bedford2, A. J. Cowieson2, and W. A. Dozier, III1, 1Auburn 
University, Auburn, AL, 2AB Vista Feed Ingredients, Marlborough, 
Wiltshire, United Kingdom.

Broiler response to exogenous enzymes may be directly related to 
intrinsic nutrient digestibility. Intrinsic nutrient digestibility can vary 
due to agronomic conditions, processing, and variety, even among corn 
sources of similar proximate composition. This study compared 6 corn 
sources on in vitro protein solubility (IPS) and ileal nutrient digestibility 
in broilers. Twelve corns were analyzed for gross energy (GE), N, mois-
ture, crude fat (CF), IPS, and vitreousness. Nitrogen-corrected apparent 
metabolizable energy was predicted using these values. Of the 12 initial 
corns, 6 were selected that had similar proximate composition but low, 
moderate, or high (2 corns each) IPS and predicted AMEn. Predicted 
AMEn and IPS of the 6 corns ranged from 3,143 to 3,295 kcal/kg and 
25.7 to 49.2%, respectively. Five hundred and 4 (12 per pen; 0.45 m2 
per bird) Ross × Ross 708 male broiler chicks were randomly distributed 
to 42 pens (7 replicates per treatment). Broilers were fed experimental 
diets (99.5% corn and 0.50% TiO2) from 28 to 30 d of age. On d 30, 
the digesta contents of the distal ileum (a section spanning 4 to 30 cm 
upstream from the ileocecal junction) were collected from 8 birds per 
pen. Feed and digesta were analyzed for Ti, GE, N, CF, and starch. 
Apparent ileal digestibility of N, CF, and starch did not differ (P > 0.05) 
among sources of corn. The apparent ileal digestible energy (IDE) of the 
6 corns averaged 3,323 kcal/kg. Pooled IDE means for low, moderate, 
and high predicted AMEn corns were 3,268, 3,319, and 3,383 kcal/kg, 
respectively. On average, IDE of the 2 corns with the highest predicted 
AMEn was 115 kcal/kg higher than that of the 2 corns with the lowest 
predicted AMEn (P = 0.001). Predicted AMEn was positively correlated 
with IPS (r = 0.966; (P < 0.001) and IDE (r = 0.613; P < 0.001). Solubil-
ity of protein explained 62% of the variation in IDE among the corns 
(P < 0.001). These results indicate that corns with similar composition 
varied in their digestible energy content and that solubility of protein 
is a major predictor of digestible energy in corn.

Key Words: corn, ileal digestible energy, proximate composition, 
chicks

    27   Bioavailability and retention of phosphorus in dicalcium 
phosphate anhydrous (DCPA) for broilers. J. W. Charal*SC, T. D. 
Bidner, S. Powell, and L. L. Southern, Louisana State University 
Agricultural Center, Baton Rouge.

This research was conducted to determine the relative bioavailability 
(RBV) of P and retention of P and Ca in DCPA compared with mono-
calcium phosphate (MCP). Ross 708 broilers were allotted to treatments 
with 6 replicates with 6 broilers per pen. The broilers were housed in 
battery cages and fed from 0 to 18 d of age. 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, Ca was kept constant at 
1%, and chromium oxide (0.5%) was added as an indigestible marker. 
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A positive control (0.45% nPP) and 4 deficient levels (0.25, 0.30, 0.35, 
and 0.40% nPP) with MCP, and 3 deficient levels (0.25, 0.30, and 0.55% 
nPP) with DCPA were used. Excreta samples were collected from d 
15 to 17. Gain, feed intake, and G:F were not affected by P source (P 
> 0.10), but ADG was increased (P < 0.05) by P level. With identical 
inclusion of dietary nPP levels, broilers fed MCP had greater (P < 0.05) 
bone breaking strength (BBS) and tibia ash than those fed DCPA, and 
both variables responded linearly (P < 0.001) to nPP inclusion level. 
Phosphorus (PI) and Ca (CaI) intake were similar for both sources (P > 
0.10) with dietary calculated values of P and Ca; however, P retention 
(PR, g/d) was greater (P < 0.05) for DCPA than for MCP. Using dietary 
analyzed Ca and P values resulted in lower (P < 0.05) PI and CaI for 
broilers fed DCPA, and consequently lower PR (P < 0.05). Retention 
of Ca was not affected by P source (P > 0.10). Multiple linear regres-
sion (MLR) was used with BBS, ash, and PR for RBV of P in DCPA 
(R-square >0.50). The estimated RBV of DCPA relative to MCP using 
calculated dietary P values were 86, 91 and 111% of MCP, respectively. 
The MLR with analyzed P values in the diets resulted in similar RBV 
for MCP and DCPA (98 to 104 of MCP). These results suggest that 
DCPA has no negative effects on growth, feed intake, or efficiency 
of broilers, but decreased BBS and ash. The decrease in BBS and ash 
was due to a lower intake of Ca and P from DCPA based on analyzed 
dietary values of Ca and P.

Key Words: broiler, phosphorus, anhydrous

    28   Practical assessment of a novel phosphorus source (poultry 
litter ash) on feed manufacture and feeding broilers. L. K. Shires*SC, 
S. A. Loop, K. G. S. Lilly, B. N. West, and J. S. Moritz, West Virginia 
University, Morgantown.

Maximizing phosphorus availability and decreasing environmental 
impact are paramount in the current poultry industry. Gassification of 
litter may provide an economical means for heating a poultry house. 
Feeding resultant poultry litter ash (PLA) may represent a solution to 
manure application. PLA may provide a cost effective essential nutri-
ent for poultry diets by the partial or complete replacement of rock 
phosphorus in broiler diets and improve feed manufacture variables. 
The objectives of this study were to assess PLA as an alternative 
mineral source for broiler diets and to assess PLAâ€s effects on feed 
manufacture variables. Dietary treatments in the current study consisted 
of 7 different formulations. Positive control (PC) and negative control 
(NC) diet formulations were created based on adequacy and deficiency 
of calcium and phosphorus. Four diets were formulated with varying 
levels of phosphorus and calcium to create a standard curve. Diet 5 
was formulated to be similar to the PC with PLA to be compared with 
the standard curve. Diet 6 was formulated as a commercial diet. Diet 7 
was formulated as a commercial diet with PLA. In diets 5 and 7, PLA 
replaced rock phosphorus addition. Diets 5, 6, and 7 were pelleted in 
random order each day, for 4 d to collect feed manufacture data. Pellet 
mill relative electrical energy usage was similar between diets contain-
ing rock phosphorus and diets replacing rock phosphorus with PLA. 
In addition, PLA was shown to significantly improve pellet quality. 
These 7 diets were randomly assigned to 56 pens of 11 male and 11 
female Cobb 500 broilers from 1 to 21 d to assess the efficacy of PLA 
via broiler performance. On d 21, 5 birds per pen were selected for 
tibia extraction to obtain bone mineralization data. Diets containing 
PLA (diets 5 and 7) demonstrated negative effects for broiler weight 
gain and feed conversion, however bone mineralization was improved. 
These results indicate that PLA has available phosphorus and calcium, 
but the bioavailability is unknown.

Key Words: gassification, poultry litter ash, broilers, feed manufacture, 
bone mineralization

    29   Effects of calcium and phosphorus levels in starter diets 
on Heritage broiler performance and mineral excretion at 49 
days of age. M. R. Dalmagro*1SC, E. O. Oviedo-Rondón1, M. Costa1, 
K. Claassen1, R. Mitchell2, and H. Engster2, 1North Carolina State 
University, Raleigh, 2Perdue Farms Inc., Salisbury, MD.

One experiment was conducted to evaluate the effects of Ca and P levels 
during starter period on performance, leg problems, bone traits, and 
mineral retention of Heritage broilers at 49 d of age. Starter diets were 
formulated to contain combinations of 4 levels of Ca (0.62, 0.76, 0.90, 
1.04%) and 4 levels of nPP (0.31, 0.38, 0.45, 0.52%). 1,920 male and 
female chicks were identified and distributed in 64 pens with 15 chicks 
of each sex per pen. Corn-soybean meal diets with 10% inclusion of 
DDGS were used. Starter diets were fed to 17 d of age, and common 
grower and finisher diets from 17 to 35 d, and 35 to 49 d, respectively. 
BW, FI, and FCR were assessed at the end of each dietary phase. Ca 
and P retention were evaluated at 13 and 45 d of age. Gait scores, leg 
problems, and individual BW were obtained at 42 d and flock uni-
formity was calculated. Bones were collected at 49 d, and BMD and 
BMC determined by DEXA. Data was analyzed by response surface 
methodology. Results indicated that Ca levels caused a quadratic effect 
(P ≤ 0.05) on FI, FCR, and BW gain for both sex, up to 17 d, but no 
significant effects of P levels were observed. There was no effect of 
Ca and P levels on flock uniformity at 42 d. At 49 d, Ca levels fed in 
the starter diets had quadratic effect (P ≤ 0.05) on BW gain only in 
females. No other significant effects of treatments on performance were 
observed. Feet ash % at 17d augmented linearly (P ≤ 0.01) as levels 
of Ca and P increased in females, while males were only affected by P 
levels. At 49 d, the BMD and BMC of females were not affected by Ca 
and P levels, but a quadratic effect (P ≤ 0.05) of P was observed in male 
BMD. Prevalence of leg deformities at 42 d were linearly influenced 
(P ≤ 0.01) by Ca levels. Ca and P retention at 13 d was impacted in 
quadratic manner by P levels and Ca retention decreased linearly as Ca 
increased. At 45 d, Ca levels fed in starter diets had quadratic effect on 
Ca retention, and Ca and P levels had linear effects on P retention. Ca 
and P levels in starter diets influenced bone traits and mineral retention 
of Heritage broilers at market age.

Key Words: calcium, phosphorus, broilers, bones, excretion

    30   Use of ash phosphates from incinerated turkey litter and 
hen manure as a dietary supplement for broiler chickens. H. K. 
Burley*SC, P. H. Patterson, R. M. Hulet, and T. L. Cravener, The 
Pennsylvania State University, University Park.

Turkey litter (TL) ash (13.7 t) was generated during the 2010 brooding 
season from a 586kW boiler made by Bio-Fuel Technologies LLC and 
an experimental belted hen manure (HM) ash was generated using a 
Coaltec Energy USA, Inc. gasification system. TL and HM ash con-
tained 11.6 and 3.8% P and 19.4 and 25.1% Ca, respectively. Three corn 
and soybean meal diets with 1% Celite (3100 kcal/kg, 22% CP) were 
formulated with 1% Ca and graded levels of available P (avP) (0.20, 
0.25 and 0.35%). TL and HM ash diets were formulated to have 0.35 
and 0.27% avP, respectively, with 1% Ca. In a 4 wk study, 280 Ross x 
Heritage males were fed these diets and provided water ad libitum, with 
7 pens per diet and 8 chicks per pen. Weekly feed intake (FI), body wt 
(BW), and mobility was monitored. At 28 d, ileal digesta was collected 
from carcasses to determine P and Ca digestibility. Legs were removed 
for tibia bone ash determination. BW was significantly reduced by the 
low P (0.20 and 0.25% avP) and TL and HM ash diets compared with 
the control (0.35% avP) diet in wks 2 and 3. However, in wks 1 and 
4, the TL ash diet did not differ significantly from the control. Control 
and TL ash diet weekly BW gain averaged 83, 178, 296 and 391 g/bird 
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at wks 1, 2, 3, and 4, respectively, and FI averaged 104, 270, 464 and 
646 g/bird in wks 1, 2, 3, and 4, respectively. Both gain and FI were 
reduced for the low P and HM ash diets. Bird mobility was excellent 
for the control and TL ash diets in wk 4 (100 and 98.2%, respectively), 
but was significantly reduced for the low P (0.20 and 0.25 avP) and HM 
ash diets (60.0, 76.0 and 60.7%, respectively). Overall, mortality was 
high for the low P (0.20 and 0.25 avP) and HM ash diets (85.7, 39.3, 

and 55.4%, respectively) and low for the control and TL ash diets (1.8 
and 3.6%, respectively). Based on BW, gain, and FI, the P in TL ash 
was utilized at 88.3, 84.0, and 89.4% efficiency, respectively, compared 
with the monocalcium phosphate used in the control diet and therefore 
may have recycling potential as a dietary phosphate.

Key Words: litter, ash, phosphate, digestibility, broiler

Physiology

    31   Cell bioenergetics: A new approach. W. G. Bottje,* K. 
Lassiter, J. Y. Lee, A. Piekarski, B.-W. Kong, and B. M. Hargis, Dept. 
of Poultry Sciencem University of Arkansas, Fayetteville.

Bioenergetics (aerobic respiration and glycolysis) can be determined 
simultaneously in intact cells or tissue explants by measuring O2 con-
sumption rate (OCR) and extracellular acidification rate (ECAR) in a 
microtiter plate platform (Seahorse Bioscience, North Billerica, MA). 
The XF24 Flux Analyzer mixes contents and creates a transient 7 μL 
chamber in each well for rapid and sensitive OCR and ECAR detection. 
After establishing baseline values, chemicals can be introduced into 
each well through ports in the Seahorse Flux Pak cartridges. We began 
bioenergetic studies with chicken embryo fibroblasts (CEFs) and DF-1 
cells (spontaneously immortalized CEFs) that exhibit differences in 
growth rate, mitochondrial function, and response to oxidative stress. 
After optimizing cell numbers and chemical concentrations, studies 
were conducted with CEF and DF-1 cells (100,000 cells seeded/well) 
treated sequentially with oligomycin (to inhibit ATP synthase), FCCP 
(to uncouple oxidative phosphorylation), and antimycin A (to inhibit 
electron transport) to assess OCR linked to ATP synthesis, proton leak, 
reserve capacity, and non-mitochondrial (see Hill et al. 2009; Biochem. 
J. 424:99–107). Regardless of energy source (glucose with or without 
pyruvate) in the media, DF-1 cells exhibited; a) greater maximal respi-
ratory capacity, b) higher reserve capacity, c) higher ATP-linked OCR, 
d) lower proton leak, and e) lower non-mitochondrial OCR compared 
with CEF cells. These bioenergetic differences likely contribute to the 
faster growth rate in DF-1 compared with CEF cells. We are planning 
to initiate bioenergetic studies in primary cell culture (e.g., hepatocytes, 
enterocytes, lymphocytes) in the near future.

Key Words: cell bioenergetics, chicken embryo fibroblasts, DF-1 
cells

    32   Cell Bioenergetics in chicken embryo fibroblasts (CEF) 
and spontaneously immortalized CEF cells (DF-1) in response 
to 4-hydroxynonenal. K. Lassiter*SC, J. Y. Lee, A. Piekarski, B.-W. 
Kong, W. G. Bottje, and B. M. Hargis, Dept. of Poultry Science, 
University of Arkansas, Fayetteville.

Studies were conducted to investigate the effect of 4-hydroxynonenal 
(HNE, a secondary product of lipid oxidation) on bioenergetics of CEF 
and DF-1 cells. Time course changes in O2 consumption rate (OCR) and 
extracellular acidification rate (ECAR) in CEF and DF-1 cells were made 
with an XF24 Flux Analyzer (Seahorse Biosciences, North Billerica, 
MA) in response to media (Control), 5, 10, 20, or 30 µM HNE. DF-1 
cells were more susceptible to oxidative stress than CEF cells as deter-
mined by OCR and ECAR response to 20 and 30 µM HNE. Bioenergetic 
assessment of CEF and DF-1 cells was made 2 h post-HNE treatment 
by measuring the OCR response to oligomycin (ATP synthase inhibi-
tion), FCCP (to uncouple oxidative phosphorylation), and antimycin A 
(electron transport inhibition). This sequence of chemical treatments 
enables determination of O2 consumption linked to ATP synthesis, non-

ATP linked O2 consumption (proton leak), maximal respiratory capacity, 
and non-mitochondrial mechanisms. Compared with CEF cells, DF-1 
cells given media (0 µM HNE) exhibited a) lower O2 consumption 
linked to proton leak and non-mitochondrial source, and b) higher ATP-
linked O2 consumption as well as greater reserve capacity (determined 
by the difference between uncoupled and basal OCR). DF-1 cells lost 
the capability of producing cellular energy above 10 µM HNE whereas 
CEF cells were still functional at the end of 240 min with 20 µM but 
not 30 µM HNE. These bioenergetic studies provide additional insight 
into characteristics of faster growth rates and greater susceptibility to 
oxidative stress in DF-1 compared with CEF cells

Key Words: cell bioenergetics, chicken embryo fibroblasts, DF-1 cells, 
oxidative stress, 4-hydroxynonenal

    33   Expression of the EphA4 receptor in the bursa of Fabricius. 
R. Jacob*1SC, E. D. Peebles1, R. L. Taylor, Jr.2, S. L. Branton3, B. 
Weathers1, and G. T. Pharr1, 1Mississippi State University, Mississippi 
State, 2University of New Hampshire, Durham, 3USDA ARS, Poultry 
Research Unit, Mississippi State, MS.

The bursa of Fabricius is the major organ responsible for the develop-
ment of B-cells in the chicken. A major B-cell differentiation event which 
initiates immunoglobulin gene diversification occurs in the bursa during 
embryonic days (ED) 15–18. In previous studies to identify factors in 
the bursa which mediate B-cell differentiation we obtained evidence 
for the expression of ephrin (Eph) receptor A4. Eph receptors and Eph 
ligands control cellular organization within tissues and mediate cell 
growth and differentiation. We hypothesize that Eph receptors and their 
ligands regulate the critical cell contacts between developing B-cells 
and stromal cells in the embryonic bursal follicle. To determine the role 
of EphA4 in B-cell differentiation, further basic studies are required to 
confirm and extend previous results suggesting EphA4 expression in the 
embryonic bursa. Therefore, the objective of this project was to examine 
EphA4 expression with reverse transcriptase-PCR and Western blotting 
in the bursa at ED15 and ED18. RT-PCR experiments were conducted 
with bursal cDNA amplified transcripts from the EphA4 gene, which 
were confirmed by nucleotide sequencing. The anti-EphA4 antibod-
ies recognized proteins of the expected molecular mass (120 kDa) on 
Western blots of whole tissue proteins from the ED15 and ED18 bursa, 
suggesting a role of the EphA4 receptor in guiding B-cell differentiation 
during ED15 and ED18. Future studies will evaluate the cell type(s) 
expressing the EphA4 receptor in the embryonic bursa.

Key Words: B-cell, bursa of Fabricius, chicken embryo, ephrin recep-
tor, immunology

    34   Proteome profile of the pipping muscle in broiler embryos. 
A. O. Sokale*SC, E. D. Peebles, W. Zhai, K. Pendarvis, S. Burgess, and 
T. Pechan, Mississippi State University, Mississippi State.

This study is the first proteomics analysis of the muscularis complexus 
(pipping muscle) in broiler embryos. The pipping muscle is responsible 
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for the embryo’s pipping action during hatching. The pipping muscle 
undergoes rapid developmental changes during embryonic life. Typi-
cal early muscle development occurs in the pipping muscle on d 13 of 
incubation before the rapid increase in lymph infiltration beginning 
between d 14 and 15 of incubation. The objective of this research was 
to characterize the pipping muscle proteome in the d 13 broiler embryo 
using Differential Detergent Fractionation (DDF) and nano-LC MS/
MS analysis. A pipping muscle sample was extracted from each of 3 d 
13 Ross 708 broiler embryos. These triplicate samples were washed in 
physiological saline, snap-frozen in liquid nitrogen, and stored at −80°C. 
Four DDF extractions were performed per replicate sample resulting 
in 12 technical samples that were analyzed using nano-LC MS/MS. 
Proteins with a single peptide were considered, if the peptide occurred 
multiple times. A total of 676 proteins were identified. Gene Ontology 
(GO) annotations for the identified proteins were collected from the 
AgBase database. For molecular function classification, 331 pipping 
muscle proteins (97.6% of annotated protein) had assigned 1298 GO 
molecular function terms belonging to 325 diverse functions, summa-
rized into 21 GO slim categories. A total of 302 proteins had assigned 
1617 GO cellular component terms belonging to 231 cellular compart-
ments, grouped into 17 GO slim categories. A total of 275 proteins 
had designated 2256 GO biological process terms from 690 biological 
processes, fused into 18 GO slim categories. This description of the 
pipping muscle proteome provides an important insight into various 
proteins involved in its cellular functions and other signal pathways.

Key Words: animal proteomics, broiler, embryo, nano-LC MS/MS, 
pipping muscle

    35   Effects of turning frequency during different periods of 
incubation on broiler embryonic development. Y. M. Lin*1SC, S. 
Yahav2, O. Elibol3, and J. Brake1, 1Dept. of Poultry Science, North 
Carolina State University, Raleigh, 2Institute of Animal Science, ARO, 
The Volcani Center, Bet-Dagan, Israel, 3Department of Animal Science, 
Faculty of Agriculture, University of Ankara, Ankara, Turkey.

The effects of turning broiler hatching eggs 24 (24X) or 96 (96X) times 
daily to E3, E9, or E15 of incubation followed by 24X to E18 was 
studied. Eggs were obtained from Ross 344 male x Ross 708 female 
broiler breeders at 51 wk of age. Freshly laid eggs were weighed and 
distributed so as to provide equal egg weights in each turning treatment 
before storage for 2–5 d at 16 C and 60% RH followed by preheating at 
27 C and 53% RH for 12 h before setting. Each individually weighed 
egg in each turning treatment constituted a replicate. Incubators were 
operated at 53% RH at all times and at an air temperature of 37.5 C until 
E12, and 37.3 C from E13 to E 18 in Natureform NMC-1000 incubators. 
Eggs were transferred to individual pedigree bags at E18 and hatched 
in a Natureform NMC-2000 hatcher at 36.9 C. At E15 of incubation, 
40 embryos from each treatment were necropsied to determine embryo 
length, and weights of the egg, embryo, yolk sac, and embryonic fluids. 
Chick BW and length were measured on all chicks at hatching. Hatching 
time was monitored. A t-test was used to compare means and variances. 
Embryo length at E15 was greater (P < 0.05) in the 96X treatments but 
with a greater variance (P < 0.05) as well as a greater variance (P < 
0.05) in relative weight of the yolk sac and embryo. This effect emerged 
as length of 96X turning increased. The 96X treatments hatched earlier 
than the 24X control. Further, chick BW relative to initial egg weight and 
chick length were greater (P < 0.05) in the 24X treatment at hatching. 
These data indicated that more frequent turning before E15 resulted in 
a faster growing but less uniform embryo at E15. These data suggested 
that early embryo growth and development was accelerated by 96X 
turning during early incubation.

Key Words: broilers, incubation, turning frequency, chick weight, 
chick length

    36   Physiological responses to right pulmonary artery occlusion 
of male broiler and Leghorn chickens. J. Bautista-Ortega*SC, G. 
Casco-Montenegro, and C. A. Ruiz-Feria, Texas A&M University, 
College Station.

Physiological responses to unilateral pulmonary artery occlusion (PAO) 
were evaluated in male broiler (B) and Leghorn (L) chickens. Chicks 
were purchased from a local hatchery and were fed a diet containing 
3200 Kcal ME and 23% CP with free access to water. Broilers (18–20 
d–old; 718 g BW) and L (61–63 d–old, 933 g BW) had surgical PAO 
(B–PAO and L–PAO; n = 12 each) or were sham–operated (B–SHAM 
and L–SHAM; n = 12 each). Hematocrit (%, Hct), specific lung weight 
(wet right + left lung weight / BW) and right ventricle weight to total 
ventricle weight ratio (RV/TV) were measured in 6 chickens per group 
one d pre–surgery, and at 7 and 14 d post–surgery. Data was analyzed 
using One–Way ANOVA. Specific lung weight, a parameter of ventila-
tion capacity, was higher in L–chickens than in B–chickens (1.4 ± 0.09 
vs 1.0 ± 0.04; 1.2 ± 0.06 vs 1.0 ± 0.05; and 1.2 ± 0.06 vs 1.0 ± 0.06, for 
pre–surgery, d 7 and d 14, respectively). The Hct increases with hypoxia; 
there were no differences in Hct between B and L pre–surgery (31 ± 
0.6 vs 32 ± 0.6), however the Hct was highest in the L–PAO chickens 
at d 7 (35 ± 1.4) and d 14 (40 ± 1.9); the B–SHAM had a lower Hct 
(d 7, 28 ± 1.2; d 14, 29 ± 1.0) than the L–SHAM (d 7, 32 ± 1.2; d 14, 
34 ± 1.1) and B–PAO (d 7, 32 ± 1.2; d 14, 34 ± 2.0) chickens, with no 
significant differences between L–SHAM and B–PAO. The RV/TV ratio 
is related to the degree of pulmonary hypertension and was highest in the 
B–PAO at d 7 (0.31 ± 0.06) and d 14 (0.32 ± 0.03); the average RV/TV 
ratio of the other groups was: 0.21 ± 0.02 and 0.23 ± 0.01, at d 7 and d 
14, respectively. Broilers had a lower ventilation capacity than L, and 
after PAO they developed right ventricular hypertrophy, whereas the 
L–PAO showed a higher degree of hypoxia (high Hct) but had lower 
RV/TV ratios suggesting that L–chickens had a better pulmonary arte-
rial vasodilatory capacity.

Key Words: male Leghorn, broiler chicken, right pulmonary artery 
occlusion, pulmonary hypertension syndrome

    37   Incidence of plexiform lesion formation in lines divergently 
selected for ascites. J. G. Mason*SC, N. B. Anthony, and R. Wideman 
JR., University of Arkansas, Fayetteville.

Complex vascular lesions (CVLs) are a common vascular change asso-
ciated with humans exhibiting idiopathic pulmonary arterial hyperten-
sion (IPAH). CVLs have been characterized in animal model studies 
involving, but not limited to, canines, swine and poultry. IPAH has been 
documented in poultry although no connection has been made with 
CVLs. Birds suffering from ascites exhibit pulmonary arterial pressures 
(mmHg) consistent with pressures found in humans with IPAH. The 
current study characterizes CVLs in the lungs from broilers derived 
from lines divergently selected 15 generations for ascites susceptibil-
ity under simulated high altitude conditions. The ascites resistant and 
susceptible lines were sampled for CVL incidence over time. Both lines 
were reared in a common environment and provided feed and water ad 
libitum. At ages 2, 4, 6, 8, 10, and 12 weeks post hatch, 5 males and 5 
females from each line were sampled and lung tissue fixed, sectioned 
and stained for microscopy. Lung sections were then scored for CVL 
incidence by 2 independent researchers. CVL data were analyzed based 
on age post hatch, gender, lung location, and line. Findings indicate the 
susceptible line exhibited a generally higher CVL incidence than the 
resistant line at all ages. Data suggests lesion incidence is associated 
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with selection for ascites susceptibility. These broiler lines may prove 
valuable in future animal model research.

Key Words: domestic fowl, broilers, pulmonary arterial hypertension, 
plexiform lesion, ascites

    38   Evaluation of the effects of L-carnitine in ovo injection 
followed by L-carnitine feed supplementation on broiler hatching 
and growing characteristics. M. Dooley*SC, E. D. Peebles, W. Zhai, 
L. Mejia, and A. Corzo, Mississippi State University, Mississippi 
State.
On Day 18 of incubation, Ross × Ross 708 eggs were injected immedi-
ately before transfer with a solution containing L-carnitine (8, 16, or 32 
mg dissolved in 100 µL of a commercial diluent) using an automated 
multi-egg injector. Three control groups (non-injected and injected 
with or without diluent) were also included. After hatch, 1,080 male 
and female broiler chicks were placed in an experimental broiler house 
and distributed into 90 pens with 10 replicate pens per treatment. In the 
grow-out phase of the experiment, L-carnitine feed supplementation (50 
ppm) overlaid on each of the 3 L-carnitine egg-injected treatments. Body 
weight and feed consumption were determined on Days 21 and 45. At 
44 d of age, 3 male and 3 female birds per replicate pen were randomly 
selected for processing. L-carnitine injection had no effect on incubation 
time or hatchability of fertilized eggs. Birds that were fed supplemental 
L-carnitine that had been injected with in ovo L-carnitine had a lower 
BW on Days 21 (P < 0.01), and 42 (P < 0.001). Feed consumption was 
reduced at 21 (P < 0.001) and 42 (P < 0 0.0001) d of age. However, the 
feed conversion ratio of the L-carnitine feed-supplemented birds was 
improved (P < 0.05) when compared with most control treatments. Liv-
ability was not affected at hatch, 21 or 45 d of age by the experimental 
treatments imposed. After processing, absolute and relative weights 
of carcass, back-half and abdominal fat were found to be unaffected 
by treatment. Breast meat yield was also unaffected, but its absolute 
weight was reduced (P < 0.05) in response to the administration of 
L-carnitine through in ovo injection and feed supplementation. Based 
on the growth, feed consumption and breast meat yield results of this 
study, supplementing broilers with 50 ppm of L-carnitine in the feed 
appeared to be toxic to the birds if provided subsequent to its in ovo 
injection at the specified dosages.

Key Words: L-carnitine, in ovo injection, hatchability

    39   The relationship of parthenogenesis in virgin quail hens 
with embryonic mortality and hatchability following mating. M. 
L. Robertson*SC, H. M. Parker, J. B. Wells, A. S. Kiess, and C. D. 
McDaniel, Mississippi State University, Mississippi State.

Unfertilized chicken, turkey, and quail eggs are capable of develop-
ing embryos by parthenogenesis. It is unknown if the physiological 
mechanisms regulating parthenogenesis in virgin hens may actually 
work against fertilization, embryonic development and hatchability of 
eggs from these same hens following mating. Additionally, because most 
parthenogenic development closely resembles early embryonic mortality 
in fertilized eggs during the first 2–3 d of incubation, it is possible that 
many unhatched eggs classified as containing early dead embryos may 
actually be unfertilized eggs that contain parthenogenic development. 
Therefore the objective of this study was to examine the relationship 
of parthenogenesis before mating with embryonic development and 
hatchability characteristics after mating. Based upon their ability to pro-
duce unfertilized eggs that exhibit parthenogenesis, 340 virgin Chinese 
painted quail hens were divided into 7 groups as follows: 0, 10, 20, 30, 
40, 50, and 60% or greater parthenogenesis. Males were then placed 
with these hens so that fertility, embryonic mortality, and hatchability 

could be evaluated for each hen. Hatchability of eggs set, hatchability 
of fertile eggs, and late embryonic mortality decreased dramatically as 
the incidence of parthenogenesis increased. On the other hand, early 
embryonic mortality increased as parthenogenesis increased. Fertility 
was not different across the 7 parthenogenesis hen groups perhaps 
because unfertilized eggs that exhibited parthenogenesis resembled and 
were therefore classified as early embryonic mortality. In conclusion, 
virgin quail hens that exhibit parthenogenesis appear to have impaired 
embryonic development and hatchability following mating. Additional 
sperm egg interaction and embryonic research is needed to determine 
if a large portion of the early embryo death experienced by virgin hens 
exhibiting parthenogenesis is in fact infertility.

Key Words: parthenogenesis, fertility, hatchability, embryonic mortal-
ity, quail

    40   Novel use of an in vivo reagent to transfect germ line stem cells 
in chicken. B. Jordan*1SC, R. Beckstead1, and M. Stark2, 1University 
of Georgia, Athens, 2Brigham Young University, Provo, UT.

The chicken is a well-established model system for studying vertebrate 
embryogenesis, but creating transgenics to study mutants has proven 
difficult. Viral infections have been predominantly used to create trans-
genic chicks and disrupt the natural genetic code. Use of virus has been 
moderately successful but the rate of infection is low even with high 
titers of viral particles. Additionally, there are many biohazard concerns 
when working with virus. To circumvent viral problems, we are using 
a transposable element (TE) system paired with an in vivo transfection 
reagent to generate transgenic chicks. The TE system incorporates a 
transposase enzyme, which recognizes a specific DNA sequence called a 
transposon. The enzyme excises the transposon from its original location 
and inserts it into another genomic location. The transposon contains 
a GFP gene for tracking of insertion into active genes by fluorescent 
microscopy. Cells expressing GFP can be followed throughout develop-
ment. The TE system is delivered to cells using an in vivo transfection 
reagent, JetPEI. This reagent interacts with DNA to form a bundle, which 
is then endocytosed by cells. Once inside, the bundles rupture and the 
TE DNA is released into the cell where integration can occur. The cur-
rent question with this system is the ability to transfect germ line stem 
cells for the production of transgenic chicks. To test the in vivo delivery 
system, we prepared a mixture of in vivo reagent with a constitutively 
expressed GFP gene. This mixture was injected into freshly laid Stage 
X white leghorn embryos and incubated for 5 d. The embryos were 
removed from the shell, imaged for GFP expression and sectioned and 
stained with germ cell markers. Imaging showed localization of GFP 
to the germinal ridge, along with other tissues. Staining with antibodies 
to germ cell markers confirmed that the reagent transfected DNA into 
developing germ cells. With transfection possible, we can now pair the 
JetPEI reagent with the TE system to utilize a novel and powerful tool 
for creating transgenic chicks.

Key Words: transgenic, transfection reagent, transposable elements, 
embryogenesis, germ cells

    41   Ingenuity Pathway Analysis of feed efficiency microarray 
data. W. G. Bottje*1, B-W. Kong1, J. Y. Lee1, J. J. Song1, K. Lassiter1, 
and T. Wing2, 1Dept. of Poultry Science, University of Arkansas, 
Fayetteville, 2Cobb-Vantress, Inc., Siloam Springs, AR.

Feed efficiency (FE) remains an important trait in poultry production. 
Therefore, we investigated global gene expression in breast muscle 
obtained from male broilers phenotyped for FE in a previous study 
(Poult. Sci. 88: 1683–1693). Amplified cRNA from pooled RNA (from 
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high and low FE tissues) were labeled with Cy3 or Cy5 fluorescent dyes 
and hybridized to a 4 × 44 K Aligent chicken oligo microarray. After 
background-corrected red and green array intensities were normalized, 
polynomial regression (loess) was applied so only biological variations 
remained. Setting a 1.3 fold differential expression level cutoff, a total 
of 782 genes or 20% of the differentially expressed genes (4011 total) 
was obtained. Network, functional and canonical pathway analyses were 
generated using Ingenuity Pathways Analysis (IPA, Ingenuity Systems, 
www.ingenuity.com). The top 10 upregulated genes in the high FE group 
could be broadly grouped into anabolic-related processes whereas 7 of 
the top 10 upregulated genes in the low FE group (or downregulated 
in the high FE group) could be broadly classified into muscle fiber or 
cytoskeletal development/function. With the pathway designer func-
tion in IPA, a ‘cellular’ view of genes of the top 5 gene networks both 
individually and collectively (merged) was obtained. The merging 
of the top 5 networks incorporated a total of 38 upregulated and 84 
downregulated genes present in the high FE broiler phenotype (there 
were also 39 other genes in these networks that were not differentially 
expressed). The relevance of this differential expression and top canoni-
cal pathways will be presented.

Key Words: feed efficiency, broilers, global gene expression, microar-
ray, Ingenuity Pathway Analysis

    42   Sperm residing in turkey sperm storage tubules are motile. 
M. R. Bakst*1 and J. P. Brillard2, 1ARS, USDA, Beltsville, MD, 2INRA, 
Nouzilly, France.

Sperm residing in the hen’s sperm storage tubules (SSTs) located at 
the uterovaginal junction (UVJ) are released over the course the daily 
ovulatory cycle, ascend to the site of fertilization, and fertilize the daily 
succession of ovulated ova. A proposed mechanism of sperm release 
from the SSTs infers that resident sperm swim against a fluid current 
originating from the SST epithelium and flowing toward the UVJ lumen. 
Sperm exit the SSTs when their velocity fails to exceed the velocity of 
the fluid generated by the SST. In the course of our studies with isolated 
UVJ mucosa containing SSTs, we have observed that sperm at the base 
of SSTs slowly oscillate in synchrony. This suggests that sperm are in a 
fluid environment and in fact are not quiescent but maintain some degree 
of motility. In this study we attempted to record by videomicroscopy 
movement of sperm within the SST lumen and record the egress of 
sperm out of the SSTs. Turkey hens were killed within 3 d of artificial 
insemination and the UVJ mucosa containing SSTs were excised and 
small pieces placed on a slide. A coverslip was placed over the tissue 
and gently squashed spreading the mucosa thereby rendering the SST 
and its lumen discernible by light microscopy. While we observed 
sperm at all levels of the SST slowly oscillating, sperm at the base 
of the SST were generally aligned head-to-head slowly oscillating in 
synchrony. When viewed from the UVJ surface, the cilia surrounding 
the SST orifice beat in a circular manner around the orifice. We failed 
to note the egress of sperm from the SSTs examined. This may be due 
to the squash preparation destroying tissue integrity, and the possible 
creation of a SST luminal environment not conducive to normal sperm 
and SST epithelia behavior.

Key Words: sperm, motility, oviduct

    43   Effects of commercial in ovo injection of carbohydrates 
on liver metabolic profile. W. Zhai*1, L. W. Bennett1, P. D. Gerard2, 
R. Pulikanti1, and E. D. Peebles1, 1Mississippi State University, 
Mississippi State, 2Clemson University, Clemson, SC.

Effects of the in ovo injection of commercial diluent supplemented 
with dextrin or with dextrin in combination with various other carbo-
hydrates on liver metabolic profile of Ross × 708 broiler chicks were 
investigated. Eggs containing live embryos were injected in the amnion 
on d 18 of incubation using an automated multiple-egg injector for the 
delivery of the following carbohydrates dissolved in 0.4 mL of diluent: 
1) 6.25% glucose, 18.75% dextrin; 2) 6.25%sucrose, 18.75% dextrin; 
3) 6.25% maltose, 18.75% dextrin; and 4) 25% dextrin. Also, a non-
injected control, a commercial control (0.1 mL diluent-injected), and 
an experimental control (0.4 mL diluent-injected) were included. The 
results showed that hatchability of fertilized eggs was not affected by 
any injection treatment, but that differences in glycogen, glucose, and 
fat concentrations, and total glycogen and fat contents in the liver were 
observed on d 19 of incubation (E19). As compared with the 0.4 mL 
diluent-injected group, use of the supplementary carbohydrates increased 
liver glycogen and glucose concentrations (except for the glucose and 
dextrin combination group), and decreased fat concentration (except 
for the dextrin group) on E19. From E19 to day of hatch, glycogen 
concentrations dropped dramatically from an average of 3.2% to 0.6%. 
Despite the differences in glycogen, glucose, and fat concentrations on 
E19, these differences were lost by day of hatch. Liver glycogen and 
protein concentrations were negatively correlated on E19, and glycogen 
and glucose concentrations were positively correlated on day of hatch. In 
conclusion, the in ovo injection of various supplemental carbohydrates 
in 0.4 mL of commercial diluent examined in this study altered liver 
composition, embryonic metabolism, and the pattern of energy utiliza-
tion by the embryo during the hatching process.

Key Words: carbohydrate, embryo, in ovo injection, liver, metabo-
lism

    44   Effects of in ovo injection of carbohydrates on broiler 
metabolism and embryogenesis. W. Zhai*1, P. D. Gerard2, R. 
Pulikanti1, and E. D. Peebles1, 1Mississippi State University, Mississippi 
State, 2Clemson University, Clemson, SC.

The effects of in ovo injection of different carbohydrate solutions on 
internal egg temperature, hatchability of fertilized eggs, time of hatch, 
liver weight, BW, yolk sac weight (YSW), and yolk-free BW (YFBW) 
of Ross × 708 broiler chicks were investigated. Eggs containing live 
embryos were injected in the amnion on d 18.5 of incubation using an 
automated multiple-egg injector with 1.2 mL of physiological saline 
(0.85%) or a carbohydrate dissolved in saline. Saline containing 0.3 g/
mL of the following carbohydrates were injected into eggs: glucose, 
fructose, sucrose, maltose, or dextrin. Unfertilized and fertilized eggs 
were implanted with transponders for detection of internal egg tempera-
ture after injection. The egg temperature was monitored at 6, 14, and 
22 h after injection. The results showed that the internal temperature 
of embryonated eggs at 22 h after injection were approximately 1.4°C 
higher than that of unfertilized eggs. As compared with the dry punch 
control group, injection of saline or carbohydrates in saline reduced 
internal egg temperature. The decrease of egg internal temperature was 
associated with a delay in hatch time, and a decrease in yolk sac absorp-
tion and weights of the liver and yolk-free body of hatchlings. Liver 
weight was negatively related to YSW and positively related to YFBW. 
The YSW was negatively related to YFBW. Even though the saline and 
carbohydrate solution injections increased BW as compared with non-
injected controls, YFBW responded differently to the various carbohy-
drates as well as to saline injection. In conclusion, the injection of 1.2 
mL of saline or carbohydrate solutions lowered embryonic metabolism 
as reflected by a lower internal egg temperature and delay in time of 
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    46   Protein extractability of breast muscle from broilers and 
three non commercial strains of chicken. B. M. Rathgeber*1, R. 
M. Currie2, K. L. Thompson1, and F. G. Silversides3, 1Agriculture & 
Agri-Food Canada, Kentville, NS, Canada, 2Nova Scotia Agricultural 
College, Truro, NS, Canada, 3Agriculture & Agri-Food Canada, 
Agassiz, BC, Canada.

The extractability of myofibrillar proteins is a useful indicator of 
functional properties of chicken breast meat. Post-mortem metabolic 
events are influential on protein functionality and are the focus of many 
investigations evaluating pale meat of poor quality. The objective of this 
study was to investigate the protein extractability of 4 breeds of chicken 
subjected to 2 chilling regimens. Thirty-two males of each breed, Colum-
bia Rock (CR), Barred Rock (BR) White Leghorn (WL) and Commercial 
Broilers (CB) were grown to 50 d of age and processed. The left carcass 
halves were immersed in ice water and the right sides were immersed in 
40°C water for 4 h. The carcass halves were removed from water and 
air chilled at 4°C until 24 h post-mortem when a 5 g muscle sample was 
removed and quick frozen at −80°C. The protein content of all samples 
was estimated following nitrogen analysis. Samples were homogenized 
in low ionic strength (LIS) buffer and centrifuged. The supernatant was 
removed to determine proteins in solution. Following a second extrac-
tion with LIS the pellet was homogenized in high ionic strength (HIS) 
buffer to determine salt soluble proteins. Statistical analysis using SAS 
mixed model was employed. The CB breast meat had the highest (P 
< 0.05) level of protein (22.4%) and BR (20.7%) was higher than CR 
(20.3%) or WL (19.2%). The extractability of proteins in LIS was higher 
for CB (40.0% of total protein) than CR (35.6%) with the other breeds 
intermediate and not different from these. Delaying the chilling of one 
side reduced the extractability of proteins in LIS (P < 0.05) and the salt 
soluble proteins, however, the effect was less for CB. There was a 24% 
reduction in extractability of proteins in HIS for CB when chilling was 
delayed. For BR there was a 60% reduction, 53% for CR and 52% for 
WL. The functional properties of breast muscle proteins from non com-
mercial chickens used in this experiment were markedly different from 
CB and may serve as a valuable resource for studying the mechanisms 
behind the development of poor quality breast meat.

Key Words: protein functionality, protein extractability, broiler chicken, 
non-commercial chicken

    47   Textural properties of chicken breast fillets in different 
package types and stored under freezer conditions. A. G. Sanchez 
Pena*1SC, A. M. Luna2, and C. Z. Alvarado1, 1Texas A&M University, 
College Station, 2Texas Tech University, Lubbock.

Most consumers purchase fresh chicken breast fillets only to freeze them 
for extended shelf-life. Different packaging is available to consumers 
for freezing, however, the effects of these packages are not well known 
to consumers. Therefore, the objective of this study was to evaluate the 
effect of packaging materials on the quality of chicken breast fillets after 
1, 3 and 6 wk storage at 0F. A total of 296 fillets were used in 2 trials 
with 3 replications each. Chicken breast fillets were randomly placed 
in 3 different packaging materials (tray pack, Ziplock freezer bags, and 
butcher paper) and analyzed for raw pH and color at d 0, wk 1, 3, and 6. In 
addition, cooked texture and sensory attributes (juiciness, tenderness and 
overall flavor) were analyzed at wk 1 and 6. Data was analyzed using the 
GLM procedure of SAS and the means were separated using Duncanâ€s 
Linear Model with a P value of <0.05 to determine significance. There 
were no significant differences in pH through wk 3. However, by wk 6 
pH was significantly higher in the ziplock treatment (6.31) compared 
with the butcher paper (6.15). For color, the butcher paper (58.16) had 
significantly higher L* value (lighter) compare with the Ziplock (51.71) 
by wk 3. By wk 6, both the butcher paper (59.24) and the overwrap 
(58.98) were significantly lighter than the Ziplock (54.93). There were 
no differences in sensory; however, using objective measurements of 
texture, the overwrap was significantly tougher at wk 1 and 6 compared 
with the Ziplock which was significantly tougher than the butcher paper. 
Therefore, even though there are some significant differences in color, 
pH and texture, consumers (sensory) were not able to detect quality 
differences among the different packaging treatments.

Key Words: packaging, texture, breast fillets, freezing, sensory

    48   Marination differences between fresh and frozen breast 
fillets. G. M. Nagel*SC, L. J. Bauermeister, A. Morey, and S. R. 
Mckee, Auburn University, Auburn, Al.

The rate of marinade pick-up and retention in frozen versus fresh breast 
fillets was determined, in addition to differences in cook-loss between 
the treatments. Broilers (Ross 708, 7 wks of age) were conventionally 

hatch. However, the effects of the different carbohydrate solutions on 
yolk absorption and tissue deposition in yolk free-embryos varied.

Key Words: carbohydrate, embryo, in ovo injection, metabolism, 
temperature

    45   Comparative transcriptomic analysis of Salmonella: 
Insights into the adaptation of Salmonella enterica Kentucky in 
chicken cecum. Y Cheng*1, S Porwollik2, M McClelland2, M Lee1, 
A Pedroso1, and J Maurer1, 1University of Georgia, Athens, 2Vaccine 
Research Institute of San Diego, San Diego, CA.

Numerous studies have shown that Salmonella enterica serovar Ken-
tucky is the most prevalent serovar in poultry in the US However, it is 
rarely associated with human illnesses although it has become such a 
successful colonizer of chickens. Epidemiologic evidences have sug-
gested that S. Kentucky may represent a host-specific serovar adapted to 
chickens. But the molecular mechanisms underlying its success as colo-
nizer in chicken remain unknown. Our previous data have revealed that 
S. Kentucky presents a growth advantage in chicken cecum compared 

with serovar Typhimurium. Therefore, it is hypothesized that the adapt-
ability of S. Kentucky is due to its metabolic advantage in utilization of 
carbon or energy source present in chicken cecum. To determine whether 
differentiated expression of genes associated with the uptake and utiliza-
tion of carbon source accounts for the adaptability of serovar Kentucky 
in chicken cecal environment, a comparative transcriptomic analysis of 
S. Kentucky and S. Typhimurium grown in medium supplemented with 
chicken cecal content was performed. We found that expression of 96 
genes in S. Kentucky was upregulated in response to the chicken cecal 
content while in S. Typhimurium there are only 36 upregulated genes. 
Among the upregulated genes common to both serovar Kentucky and 
serovar Typhimurium, 26 genes were upregulated more significantly 
in S. Kentucky than in S. Typhimurium, including a prpBCDE operon 
which is involved in the propionate catabolism. In conclusion, our 
results suggest that high expression of genes associated with uptake and 
utilization of carbon sources available in chicken cecum may allow S. 
Kentucky to better colonize in chicken.

Key Words: Salmonella Kentucky, Salmonella Typhimurium, gene 
expression, propionate, cecum
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processed and chilled for 24 h. Butterfly breasts were deboned and split 
with the right fillet (control) being marinated fresh; whereas, the left 
fillets were frozen (37 d, −20°C), thawed (4°C for 48 h) and marinated. 
Additionally, fresh fillets and previously frozen fillets were tumble-
marinated at 2 different temperatures 7.2°C and 18.3°C (n = 40 fillets per 
treatment per replicate). Two replicates were conducted. Green weights 
were recorded as a group for the 15 fillets added to each tumbler with 8 
tumblers per treatment. A marinade solution (water, 0.45% phosphate 
and 1.4% salt) with a 15% target pick-up was added to each tumbler. 
Each batch was tumbled for 30 min. The fillets were removed from the 
tumbler, and a batch weight was recorded to calculate marinade uptake. 
The fillets were then placed in bags by treatment and stored on ice over-
night. The following day, they were removed from bags and weighed 
to calculate marinade retention. To determine cook-loss, fillets were 
cooked in foil covered pans with wire racks to an internal temperature 
of 73.8°C, cooled and weighed. Results suggested that the previously 
frozen and marinated fillets at 18.3°C had the highest marinade pick-up 
of all the treatments, whereas the fresh marinated fillets at 18.3°C had 
the lowest pick-up. Likewise, the previously frozen and marinated fillets 
at 18.3°C had the highest marinade retention compared with the fresh 
marinated fillets at 18.3°C which had the lowest marinade retention. 
In addition, fresh marinated fillets at 18.3°C had the highest cook-loss 
while the previously frozen and marinated fillets at 7.2°C had the lowest 
cook-loss. This data suggests previously frozen fillets may pick-up and 
retain marinade and have the lowest cook-loss, however, there is loss 
associated with freeze-thaw.
Key Words: marinated breast fillets, previously frozen fillets, marinade 
retention, marinade pick-up, cook-loss

    49   Effects of genetic strain and sex on meat characteristics of 
broilers. K. P. Lopez*SC, M. W. Schilling, and A. Corzo, Mississippi 
State University, Mississippi State.
A randomized complete block design within a factorial arrangement 
of treatments was used to evaluate the effect of strain cross and sex 
on carcass characteristics, meat quality and sensory acceptability. Two 
broiler strains were reared, a commercially available strain (strain A), 
and a strain currently in the test phase (strain B) that has been genetically 
selected to maximize breast yield. Broilers were harvested in a pilot scale 
processing plant using commercial prototype equipment at 42 d of age. 
Carcasses were deboned at 4 h post mortem. The left half of each breast 
was evaluated for pH, color, cooking loss, shear force, and proximate 
analysis. The right side of each breast was used for consumer accept-
ability testing. Thigh meat was evaluated for proximate composition. No 
gender × strain interactions were observed throughout the study. Male 
broilers had a higher (P < 0.05) live body weight, carcass weight, breast 
weight and lower (P < 0.05) dressing percentage and breast meat yield 
when compared with females. Broilers from strain B presented a higher 
(P < 0.05) breast yield and dressing percentage than those broilers cor-
responding to the commercially available strain. At 24 h post mortem, 
female broilers presented a lower ultimate pH and higher CIE b* values 
(ventral side of the pectoralis major) when compared with male broil-
ers. On average, no differences existed (P > 0.05) among treatments 
with respect to pH decline, cooking loss, shear values, and proximate 
composition. In addition, no differences (P > 0.05) existed among breast 
meat from the different strains with respect to consumer acceptability 
of appearance, texture, flavor and overall acceptability, but breast meat 
from strain B was slightly preferred (P < 0.05) over strain A with respect 
to aroma. However, breast meat from both strains received scores in the 
range of: like slightly to like moderately. Overall data suggest that all 
treatments yielded high quality breast and thigh meat, and strain cross 
does not present variability in terms of consumer acceptability.
Key Words: strain, sex, meat quality

    50   Short-term divergent selection for muscle color in broilers. 
I. D. Harford*1SC, H. O. Pavilidis2, and N. B. Anthony1, 1University of 
Arkansas, Fayetteville, 2Cobb-Vantress, Siloam Springs, AR.

Atypical poultry meat has become a significant consumer-related physi-
ological abnormality. For product, meat quality is determined by physi-
cal properties such as palatability, texture, tenderness, taste, color, pH, 
and water-holding capacity. In the processing plant, meat is generally 
graded on aesthetic characteristics such as tears, bruises, discoloration, or 
missing parts. Demand for convenient, economical, and palatable prod-
ucts will continue to drive the limits of product functionality. A better 
understanding of the physical properties of meat is imperative. Studies 
designed to characterize atypical meat has led to inconsistent results. The 
current study was conducted to explore factors contributing to muscle 
quality through the creation of lines divergently selected for 6 week 
muscle color (L* value). L* value is correlated to physical properties 
of meat. Growth, processing yield, and muscle quality parameters were 
investigated in broilers selected 6 generations for high (HMC) and low 
(LMC) muscle color. Lines HMC and LMC and the random bred base 
population (RBC) were included in this study. Heritability estimates for 
L* value in the upward and downward directions were 0.40 + 0.07 and 
0.45 + 0.06 respectively. The response to selection did not appear to be 
symmetrical. Line HMC increased 0.62 L* value units, whereas LMC 
decreased −0.04 units per generation. After 6 generations of selection 
the mean L* values for the HMC, RBC, and LMC lines were different, 
58.34, 55.32, and 53.57 respectively. Lines HMC and RBC had higher 
live, WOG and breast weights than Line LMC. Lines HMC and LMC 
had higher moisture uptake than RBC. HMC exhibited higher drip loss 
(%) than Lines LMC and RBC. Intensive post slaughter pH measure-
ments showed a common initial pH (pH15min). RBC and LMC lines 
had a relatively low rate of pH decline. Line HMC exhibited higher pH 
decline resulting in a lower ultimate pH (pH24h). Selection for muscle 
L* value impacted muscle color and quality. These resource lines pro-
vide a consistent source of genetic material to explore the genetic and 
environmental conditions contributing to its incidence.

Key Words: selection, broiler, PSE, DFD, muscle quality

    51   Occurrence of white striping in two different fast growing 
strains of broilers. L. J. Bauermeister*1SC, A. Morey1, C. M. Owens2, 
E. T. Moran1, and S. R. McKee1, 1Auburn University, Auburn, 
AL, 2University of Arkansas, Fayetteville.

A phenomenon referred to as white striping has become a concern to 
some poultry producers in regards to the visual quality of chicken breast 
fillets. This study was designed to determine if there was any relation-
ship between white striping and 2 fast growing strains of male broilers. 
Broilers, stain A (n = 640) and strain B (n = 640) were randomly placed 
in a completely randomized block design on the day of hatch. Chicks 
were fed basal diets (2 × 2 x 2 factorial arrangement) consisting of a 
corn soy diet or a corn soy diet with meat and feather meal, that were 
designed to be nutritionally equivalent. Broilers were grown out under 
normal rearing conditions and were conventionally processed at 8 weeks 
of age. Live weights and butterfly fillet weights were recorded and fillets 
were ranked visually (1 = normal fillets, 2 = mild, 3 = moderate and 4 = 
severe) based on severity of white striping for each breast fillet. From 
each white striping rank, meat samples were collected (n = 200) and 
preserved using a 10% formalin solution and stained for histological 
analysis. Diets had no effect on the carcass or fillet weights. There were 
no differences in carcass weights between strain A and strain B however; 
strain A had heavier breast fillet weights compared with strain B. Strain 
A had a higher occurrence of white striping in the moderate and severe 
categories than strain B. The average rank for white striping in strain 
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A was higher than strain B. This data suggests that the white striping is 
associated with broilers that have heavier breast fillets weights.

Key Words: meat quality, white striping, breast fillets, broilers, fast 
growing

    52   Texture of chicken nuggets with methylcellulose added 
as a pre-dust coating. T. Yalamanchili*1SC, P. Takhar2, and C. Z. 
Alvarado1, 1Texas A&M University, College Station, 2Texas Tech 
University, Lubbock.

Current trends indicate that consumers enjoy fried foods but are con-
cerned about nutrition related to oil uptake. Methylcellulose used in a 
pre-dust for chicken nuggets has been shown to reduce oil uptake and 
decrease moisture loss. However, little research has been conducted 
on the effects of methylcellulose on the textural properties of chicken 
nuggets. Therefore, the objective of this study was to evaluate creep 
compliance in chicken nuggets treated with 5% methylcellulose added 
in the pre-dust. Chicken nuggets for this project were prepared specifi-
cally at a food processing company. The nuggets were battered, breaded 
and par fried at 350F or 375F for 26 to 30sec before frying at 350F or 
375F for 0, 1, 2 or 4min. Following frying, a cylindrical portion from 
the nugget was separate followed by the separation of the crust (bread-
ing) and the core (meat). The creep compliance (µm2 /N) was measured 
using Dynamic Mechanical Analysis Q800 at a stress of 0.01Mpa and 
temperature of 30C, 110C and 190C. The sample was held by the equip-
ment at isothermal condition for 1min, displaced for 2min and allowed 
to recover for 1min. The data were analyzed by ANOVA in a 2 (treat-
ment) x 2 (frying temperatures) x 2 (portions- crust or core) x 4 (testing 
temperatures) x 3 (trial) factorial design. No significant difference was 
observed between the control and the methylcellulose treatments at all 
the testing conditions (P ≥ 0.05). These results indicate that the chicken 
nuggets prepared using methylcellulose require the similar amount 
of load to be deformed and may be associated with same texture. So, 
chicken nuggets may be prepared using methyl cellulose which reduces 
the oil uptake and retains higher amount moisture without disturbing 
the texture of the product.

Key Words: chicken nuggets, texture, creep compliance, methylcel-
lulose

    53   Comparison of hydrocloroperoxous acid with other 
commercially used chemicals for disinfection of broiler 
chicken carcasses applied during immersion chilling. S. M. 
Russell,* University of Georgia, Athens.
A study was conducted to determine the effect of hydrocloroperox-
ous acid (HCA-US Patent 6,866,870) on aerobic plate counts (APC), 
Escherichia coli (EC) counts, Salmonella (SAL), and Campylobacter 
(CAM) on broiler chicken carcasses. Twenty-five carcasses were sepa-
rated into groups of 5 each and Campylobacter jejuni was applied to 
the breast of each one for 20 min. Groups were placed into containers 
with 40 gallons of the following solutions containing ice: 1) Control 
tap water (C), 2) bleach at 50 ppm (Bl), 3) HCA at 50 ppm (HCA50 
adjusted to 50 ppm free chlorine), 4) HCA at 100 ppm (HCA100 adjusted 
to 100 ppm free chlorine), and 5) peracetic acid at 50 ppm (PAA) and 
agitated for 1 h to mimic chilling. The carcasses were removed and 
carcass rinses were conducted using 400 mL of sterile buffered peptone 
broth with neutralizing agent. Carcass rinses were evaluated for APC, 
E. coli, Salmonella, and Campylobacter count. Three replicate trials 
were conducted. APC for C, Bl, HCA50, HCA100, and PAA were 
4.29, 3.47, 3.13, 2.89, and 3.13, respectively. EC for C, Bl, HCA50, 
HCA100, and PAA were 2.13, 1.17, 1.28, 1.00, and 1.70, respectively. 
SAL for C, Bl, HCA50, HCA100, and PAA were 100, 93.3, 60, 33.3, and 

73.3%, respectively. CAM for C, Bl, HCA50, HCA100, and PAA were 
100, 100, 100, 46.7, and 93.3%, respectively. HCA100 reduced APC 
significantly (P < 0.05) more than Bl or PAA by more than 0.5 log and 
by 1.16 log, when compared with controls. Bl, HCA50, and HCA100 
reduced EC significantly more than PAA and HCA100 reduced EC by 
1.13 log, when compared with controls. HCA50 and HCA100 reduced 
SAL significantly more than PAA and HCA100 reduced SAL by 66.7%, 
when compared with controls. HCA100 reduced CAM significantly by 
53.3%, when compared with controls, however the other chemicals had 
no impact. These data show that HCA is novel chemical that may be used 
to assist poultry processors in meeting the newly proposed USDA-FSIS 
Salmonella and Campylobacter performance standards.
Key Words: hydrocloroperoxous acid, E. coli, Salmonella, Campy-
lobacter, chicken

    54   Salmonella recovery following immersion chilling for 
matched neck skin and whole carcass enrichment sampling 
methodologies. J. M. Holmes*1SC, R. J. Buhr2, J. A. Cason2, N. A. Cox2, 
D. V. Bourassa2, L. L. Rigsby2, and P. F. Fedorka-Cray2, 1University of 
Georgia, Athens, 2USDA, ARS Russell Research Center, Athens, GA.

The prevalence and serogroups of Salmonella recovered following 
immersion chilling were determined for both neck skin and the matching 
whole carcass enriched samples. Commercially processed and eviscer-
ated broiler carcasses were immersion chilled in ice and tap water for 40 
min. Following immersion chilling, each carcass was hung by the wing 
for 5 min to allow water to drip. From each carcass, the neck skin (8.3 g) 
was removed and stomached in 83 mL 1% buffered peptone water. The 
remaining carcass was subjected to whole carcass enrichment in 400 mL 
1% buffered peptone water. Both the neck skins and whole carcasses 
were incubated at 37°C for 24 h before aliquots were transferred to 
selective enrichment broths (RV and TT). Following incubation, BGS 
and MLIA plates were streaked and incubated at 37°C for 24 h. From 
each plate, 3 colonies displaying typical Salmonella characteristics were 
individually stabbed into TSI and LIA slants. For neck skin samples, 
12/40 were Salmonella-positive with 11 identified as serogroup C3, and 
1 identified as serogroup B. For whole carcass enrichment, 37/40 were 
Salmonella-positive with 11 identified as serogroup B, 33 identified as 
serogroup C3, and 11 identified as serogroup D. Three different Salmo-
nella serogroups were detected on 2 of the whole carcasses (C3/D/B) 
while no Salmonella was detected on the matching neck skin samples. 
Two different Salmonella serogroups were detected on 12 whole carcass 
samples either (C3/B) or (C3/D) while no Salmonella was detected on the 
corresponding neck skin samples. A representative group of D, B and C3 
positive serogroups were stereotyped and found to be S. Typhimurium, 
S. Kiambu, and S. Kentucky respectively. Of the 3 Salmonella-negative 
carcasses; only one corresponding neck skin was Salmonella-positive. 
For the 28 negative neck skin samples, 26 had Salmonella-positive 
serogroups matching whole carcasses. In this study, the whole carcass 
enrichment was superior to neck skin, detecting Salmonella on 92% 
versus 30% of the samples, respectively.

Key Words: Salmonella, neck skin, whole carcass enrichment, immer-
sion chilling

55   Salmonella penetration through egg shells of chickens 
from different genetic background. P. Colpitts*1SC, K. Budgell2, 
and B. Rathgeber2, 1Nova Scotia Agricultural College, Truro, 
Canada, 2Agriculture & Agri-Food Canada, Kentville, N S, Canada.

Eggs have been identified as a source of salmonellosis making the trans-
mission of Salmonella to eggs of great concern to the poultry industry. 
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The goal of this experiment was to determine the ability of Salmonella to 
penetrate the egg shell of 5 different breeds of non-commercial chicken 
and one commercial white egg layer (CL). The non-commercial breeds 
included Barred Rock (BR), White Leghorn (WL), Brown Leghorn 
(BL), Fayoumi (FY) and Light Sussex (LS). Egg weight, breaking 
force, shell weight and shell thickness measurements were taken for 
30 eggs per breed. A hole (1cm) was made on the narrow end of 30 
additional eggs per breed. The eggs were drained of their contents 
and rinsed and left to dry. The shells were filled with plate count agar 
containing tetracycline and 0.1% 2, 3, 5 triphenyl terazolium chloride. 
Once hardened, the hole was sealed with paraffin wax. Agar filled 
eggs were submerged for 1 min in a solution containing tetracycline 
resistant Salmonella heidelberg and incubated at 37°C for 40 h. Eggs 
were candled and colonies that penetrated the shell were counted and 
reported as colony forming units (cfu) per gram of shell to account for 
size differences. Statistical analysis using SAS mixed model was used 
to evaluate differences between breeds for egg quality characteristics 
and the ability of bacteria to penetrate the shell. There were differences 
in shell measurements between breeds. The commercial layers (62.6g) 
and BR (61.5g) produced the largest eggs while the FY (47.1g) were 
the smallest (P < 0.05). The force to break the shell was lowest (P < 
0.05) for BR (3.6kg) and greatest for CL (4.4 kg), WL (4.4kg) and FY 
(4.2 kg). The number of bacteria penetrating the shell was lowest (P < 
0.05) for BR eggs (10.7 cfu/g) and highest for LS (27.7 cfu/g) and BL 
(27.2 cfu/g), with eggs from the other breeds falling in between. These 
results indicate that there are breed specific influences on the ability 
of an egg to resist Salmonella, which cannot be explained by the shell 
measurements used. Further investigations are warranted to determine 
the contributing factors to shell penetration by bacteria.

Key Words: Salmonella, egg shell, bacterial penetration, chicken 
breeds

    56   Use of the agar diffusion assay to measure bactericidal 
activity of alkaline salts of fatty acids against bacteria associated 
with poultry processing. A. Hinton Jr* and K. Ingram, Russell 
Research Center, Athens, GA.

The agar diffusion assay was used to examine antibacterial activity of 
alkaline salts of caproic, caprylic, capric, lauric, and myristic acids. A 
0.5 M concentration of each fatty acid was dissolved in 1.0 M potas-
sium hydroxide (KOH), and pH of the mixtures was adjusted to 10.5 
with citric acid. Solutions were filter sterilized by passage through 0.2 
µm filters. Agar media was inoculated with 106 colony-forming-units/
ml of Acinetobacter calcoaceticus, Campylobacter jejuni, Enterococ-
cus faecalis, Escherichia coli, Listeria monocytogenes, Pseudomonas 
aeruginosa, Salmonella Typhimurium, or Staphylococcus simulans. 
Wells were made in solidified agar, and 0.1 mL of each solution was 
added to separate wells. Plates were incubated for 24–48 h aerobically 
at 35°C, except for C. jejuni plates incubated microaerobically at 42°C. 
Zones of inhibition of bacterial growth around the wells were measured. 
Results indicated that caproic acid-KOH inhibited growth of C. jejuni 
only. Caprylic acid-KOH inhibited growth of 3 of the Gram-negative 
isolates, and the relative size of the zones of inhibition of the isolates 
were E. coli < P. fluorescens and C. jejuni. Only capric-KOH and lauric 
acid-KOH exhibited antibacterial activity toward all 8 isolates. Size of 
the zones of inhibition produced by capric acid-KOH was Salmonella 
Typhimurium < E. coli < A. calcoaceticus < L. monocytogenes and S. 
simulans < P. fluorescens < E. faecalis < C. jejuni. The relative size of 
the zones of inhibition produced by lauric acid-KOH was E. coli < A. 
calcoaceticus < Salmonella Typhimurium and E. faecalis < C. jejuni, S. 
simulans, and P. fluorescens < L. monocytogenes. Myristic acid-KOH 
was only inhibitory toward the 2 Gram-positive cocci, and the size of 

the zones of inhibition for E. faecalis was significantly larger than the 
zones for S. simulans. Findings demonstrated that alkaline salts of FA 
possess antibacterial activity toward bacteria associated with poultry 
processing and that the agar diffusion assay can be used to screen anti-
bacterial activity of these solutions.

Key Words: fatty acids, bactericidal, poultry processing

    57   Variations on standard broiler processing in an effort 
to reduce Campylobacter numbers on post-pick carcasses. M. E. 
Berrang*1, D. P. Smith2, and R. J. Meinersmann1, 1USDA-Agricultural 
Research Service, Athens, GA, 2North Carolina State University, 
Raleigh.

Campylobacter numbers increase on broiler carcasses during defeather-
ing due to leakage of gut contents through the vent. We tested several 
processing modifications designed to interfere with the transfer of 
Campylobacter from gut contents to carcass surface. Numbers of 
Campylobacter detected on breast skin of carcasses treated with each 
modification was compared with control broilers processed using a 
standard method. Filling the vent and colon with commercially avail-
able canned spray foam did not consistently form an effective plug and 
Campylobacter numbers increased during picking. Likewise, hanging 
carcasses with the vent pointed downward during defeathering was not 
effective to prevent the increase in Campylobacter numbers. Eviscer-
ating carcasses by hand immediately before defeathering eliminated 
the increase in Campylobacter during automated feather picking. 
However, inadvertent contamination during hand evisceration led to 
higher numbers before feather removal. Therefore, we tested hand 
evisceration before scald, allowing the scald water to kill and wash 
away Campylobacter spilled on the carcass during evisceration. Pre-
scald evisceration was effective to significantly reduce the increase in 
Campylobacter on broiler carcasses during automated defeathering. 
Changing the order of standard broiler processing may help to control 
contamination with Campylobacter.

Key Words: broiler, Campylobacter, processing, evisercation, defeath-
ering

    58   Evaluation of the effect of an organosilane quaternary 
ammonium salt on biofilms of Listeria monocytogenes. S. M. 
Russell,* University of Georgia, Athens.

A study was conducted to determine if electrostatic spray application 
(ES) of an organosilane quaternary ammonium salt (OQAS) to stain-
less steel coupons could prevent the formation of biofilms of Listeria 
monocytogenes (LM). Stainless steel coupons (15) were treated with 
OQAS, coating the coupon on both sides. Coupons were then allowed 
to dry for 5 min. Fifteen additional coupons were not treated and used 
as controls. All coupons were placed into a sterile bag for 3 weeks 
before testing to determine if OQAS was able to remain active. All 
30 coupons were dipped into a 3-strain mixture of actively growing 
LM. LM were encouraged to form a biofilm by placing the coupons 
(individually in different containers) into sterile minimal media. After 
12 h, the coupons were removed and the biofilms were recovered by 
placing the coupons into sterile urine sample cups with sterile glass 
beads and shaking. These samples were plated onto Modified Oxford 
Agar to recover LM. Colonies of LM were counted and the means for 
each group were evaluated statistically. The experiment was conducted 
3 times. OQAS treated coupons had no visible biofilm on the surface 
and no turbidity in the medium, indicating little if any growth; whereas, 
the control coupons had a visible biofilm and the medium was turbid. 
LM recovered from untreated control coupons in Reps 1, 2, and 3 were 
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    61   Regulatory climate with regards to food safety in poultry. 
J. J. Maurer,* University of Georgia, Athens.
During the summer of 2010, there was a significant Salmonella Enter-
itidis outbreak involving 11 states and 3,182 reported human illnesses, 
tied to consumption of table eggs. While significant inroads have been 
made to reduce foodborne illnesses, there has been little progress made 
in reducing the human illnesses associated with Salmonella enterica (16 
cases/ 100,000). In response, USDA Food Safety Inspection Service 
has started introducing several changes to current food safety regula-
tions including lowering baseline Salmonella performance standards 
from 20% to 7.5% and introducing new performance standards for 
Campylobacter. In response to the 2010 S. Enteritidis egg outbreak, 
expect changes to US Food and Drug Administration current regulatory 

guidelines for layers and table eggs. This presentation will focus on new 
and proposed regulatory guidelines, new technologies used to identify 
source(s) of human illnesses, and the challenges facing the poultry 
industry to produce a safe and wholesome product.

    62   Comparison of water based foam and inert-gas mass 
emergency depopulation of White Pekin ducks. M. P. Caputo,* 
E. R. Benson, M. K. Rankin, D. P. Hougentogler, P. Jain, and R. L. 
Alphin, University of Delaware, Newark.

Current control strategies for avian influenza (AI) and other highly con-
tagious poultry diseases include surveillance, quarantine, depopulation, 
disposal, and decontamination. Selection of the best method of emer-
gency mass depopulation needs to maximize human health and safety 

6.96, 7.27, and 7.21 log10 cfu/mL, respectively; however, LM recovered 
from OQAS treated coupons in Reps 1, 2, and 3, were 5.46, 5.55, and 
5.77 log10 cfu/mL, respectively. These data demonstrate that OQAS 
was not only able to significantly (P < 0.05) reduce LM growth and 
biofilm formation on the coupon (1.50, 1.72, and 1.44 log10 reductions 
in Reps 1, 2, and 3, respectively), but was also able to prevent growth 
in the surrounding medium, as indicated visually. This intervention may 
be useful for preventing the growth of LM on food contact surfaces, 
thereby preventing expensive recalls.

Key Words: biofilms, Listeria monocytogenes, stainless, food contact, 
recalls

    59   Prevalence of Salmonella following immersion chilling 
for matched neck skin, whole carcass rinse, and whole carcass 
enrichment sampling methodologies. R. J. Buhr*1, J. M. Holmes2, 
J. A. Cason1, N. A. Cox1, D. V. Bourassa1, L. L. Rigsby1, and P. F. 
Fedorka-Cray1, 1USDA, ARS, Russell Reseach Center, Athens, 
GA, 2University of Georgia, Athens.

Salmonella prevalence and the serogroups recovered following immer-
sion chilling were determined for matched enriched neck skin, whole 
carcass rinse, and whole carcass samples. Commercially processed and 
eviscerated broiler carcasses were chilled in ice/tap water 40 min with 
or without 20 ppm free chlorine. From each carcass, the neck skin (8.3 
g) was removed and stomached in 83 mL 1% buffered peptone water 
(BPW). Next the carcass was rinsed in 430 mL 1% BPW for 1 min and 
30 mL of rinsate collected. The carcass was then subjected to whole 
carcass enrichment in the remaining 400 mL 1% BPW. All samples were 
incubated at 37°C for 24 h before aliquots were transferred to selective 
enrichment broths (RV and TT). Following incubation, BGS and MLIA 
plates were streaked and incubated at 37°C for 24 h. From each plate, 3 
colonies displaying Salmonella characteristics were individually stabbed 
into TSI and LIA slants from which Salmonella serogroups were identi-
fied by antibody agglutination. Among the non-chlorinated carcasses for 
neck skin samples, 10/20 were Salmonella-positive and were serogroups 
B or C3. For whole carcass rinse, 10/20 were Salmonella-positive and all 
were C3. For whole carcass enrichment, all 20 were Salmonella-positive 
and were B, C2, C3, or E. Among the chlorinated carcasses for neck 
skin samples, 7/20 were Salmonella-positive and were serogroups B or 
C3. For whole carcass rinse no samples were Salmonella-positive. For 
whole carcass enrichment 19/20 were Salmonella-positive and were B or 
C3. Salmonella serogroups B and C3 were detected on 4/17 Salmonella-
positive neck skin samples and in 17/19 Salmonella-positive whole 
carcass enrichment samples, but only 2 carcasses had both serogroups 
recovered in both the neck skin and the matching enriched carcass 

samples. In this study, whole carcass enrichment detected Salmonella 
on 100 and 95% (nonchlorinated and chlorinated chilled, respectively) 
of the samples, versus 50 and 35% of the neck skin samples, or 50 and 
0% of the carcass rinse samples.

Key Words: Salmonella, neck skin, whole carcass rinse, whole carcass 
enrichment, immersion chilling

    60   Prevalence and relationship of Salmonella and Campylobacter 
on broiler carcasses at three different points along the processing 
continuum. R. H. Bailey*1, J. A. Byrd2, A. K. Daniel1, K. L. 
Hataway1, and R. W. Wills1, 1Mississippi State University, Mississippi 
State, 2SPARC, USDA ARS, College Station, TX.

The presence of pathogens on raw foods of animal origin following 
processing continues to be a major concern for the food industry and 
federal regulators alike. Performance standards for the prevalence of 
Salmonella at or below the rate of 12 out of 51 carcasses tested has been 
in effect since January 1998. Over the last 12 years, the broiler process-
ing industry has implemented many different measures in an effort to 
control and reduce the prevalence of Salmonella on their products. 
However, new performance standards purposed by the Food Safety 
Inspection Service will soon reduce the allowed level of Salmonella 
to no more than 5 per 51 carcasses and will for the first time include 
performance standards for Campylobacter at 8 out of 51. A study was 
done to 1) investigate the prevalence of Salmonella and Campylobacter 
at different points along the processing continuum and 2) determine the 
relationship between the presence of Salmonella and Campylobacter 
on the same carcasses at the different points of processing. Carcasses 
were collected at 3 different points on the processing continuum; 1) at 
the re-hang station following de-feathering and removal of the feet, 2) 
following the final bird rinse cabinet, and 3) at the immersion chiller 
exit. Carcass rinses were collected and the samples were cultured for the 
presence of the pathogens. A total of 2469 carcass rinses was collected. 
For Salmonella, the overall prevalence at the first sampling point was 
18.3%, the second sampling point was 17.8%, and the third sampling 
point was 6.5%. For Campylobacter the prevalence was 26.4%, 27.8%, 
and 4.0% at the first, second and third sampling points, respectively. 
The prevalence of carcasses where Salmonella and Campylobacter were 
both present was 8.0%, 7.0%, and 0.1% at the first, second, and third 
sampling points, respectively. The results of this work indicated that the 
prevalence of both pathogens dropped during processing.

Key Words: Salmonella, Campylobacter, processing, prevalence, 
carcass
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while minimizing disease spread and animal welfare concerns. The 
method used must be compatible with species, age, housing type, and 
disposal options. Research has shown differences in gassing and foam 
depopulation procedures when comparing time to and consistency of 
time to brain death. The objective of this study was to compare the time to 
death and other physiological markers for water based foam and carbon 
dioxide (CO2) gas depopulation methods. An experiment was conducted 
individually comparing the use of water based foam and CO2 gas for 
depopulation of White Pekin ducks. Twenty 3, 5 to 8 week old White 
Pekin ducks were individually depopulated per treatment. The time to 
physiological states was evaluated using electroencephalogram (EEG, 
unconsciousness and brain death), electrocardiogram (ECG, cardiac 
suppression) and accelerometer (motion cessation). CO2 gas resulted in 
shorter times to key physiological states, in particular unconsciousness 
(Gas: 77 s, Foam: 142 s), cardiac suppression (Gas: 202 s, Foam: 280 
s), motion cessation (Gas: 193 s, Foam: 250 s) and brain death (Gas: 
293 s, Foam: 303 s). The faster time to unconsciousness indicates that 
the ducks were unaware of their surroundings more quickly during gas 
depopulation than during foam depopulation. The response of ducks to 
gas and foam depopulation methods was unlike the responses that were 
observed in previous experiments with turkeys, broilers, and layer hens, 
which had a more rapid response to foam than CO2 gas.

Key Words: foam, depopulation, EEG, ducks, unconsciousness

    63   Evaluation of Bacillus-vectored flagellin epitopes 
immunogenic properties in broiler chicks. A. D. Wolfenden*1, S. L. 
Layton1, C. J. Kremer1, N. R. Pumford1, L. R. Berghman2, G. Tellez1, 
and B. M. Hargis1, 1University of Arkansas, Fayetteville, 2Texas A&M 
University, College Station.
Toll-like receptor (TLR) 5 recognizes flagillin. Recently the highly 
conserved bioactive binding domain of flagellin was elucidated. Our 
laboratory has recently created several Bacillus-vectored vaccine candi-
dates which carry and produce antigenic flagellin epitopes of Salmonella 
Enteritidis (SE), Salmonella Typhimurium (ST), and Clostridium sep-
ticum (CS). These Bacillus constructs were evaluated as live or killed, 
with or without chitosan adjuvant, vaccine candidates (108 cfu/chick 
by oral gavage at day-of-hatch) for specific epitope seroconversion. 
Treatments evaluated included saline (control), Bacillus vectored-SE/
ST/CS HMGB1, Bacillus vectored-SE/ST/CS, Bacillus vectored-ST 
MMCS, Bacillus vectored-SE/ST/CS HMGB1(formalin killed) and 
Bacillus vectored-SE/ST/CS HMGB1(formalin killed+0.5% chitosan). 
At d 14 post-vaccination, blood samples were collected from 10 birds 
per treatment for epitope-specific IgG antibody response. Both killed 
vaccine candidates elicited higher ST-specific serum IgG antibody 
responses compared with control and all other vaccine candidates 
(S/P-ratio; P ≤ 0.05). Killed plus chitosan adjuvant elicited a higher 
SE-specific IgG response compared with all other treatments, however 
Bacillus vectored-SE/ST/CS, Bacillus vectored-ST MMCS, Bacillus 
vectored-SE/ST/CS HMGB1(formalin killed) all had higher responses 
compared with control. Killed plus chitosan adjuvant elicited a higher 
CS1-specific IgG response compared with control. Three vaccine can-
didates, Bacillus vectored-SE/ST/CS, Bacillus vectored-ST MMCS, and 
Bacillus vectored-SE/ST/CS HMGB1(formalin killed+0.5% chitosan), 
elicited a higher CS3-specific IgG response compared with control. 
These results provide evidence that the Bacillus-vectored vaccines may 
simultaneously induce robust acquired immune responses against mul-
tiple vectored epitopes. These data also suggest using chitosan as an oral 
adjuvant can improve immune responses to killed vectored vaccines.

Key Words: vectored vaccine, TLR 5, Salmonella, Bacillus

    64   Determining virulence factors in Histomonas meleagridis. 
E Lynn*SC, R Gerhold, L McDougald, and R Beckstead, University of 
Georgia, Athens.

Histomoniasis (blackhead disease) often causes high mortality in turkeys 
(50–100%) and morbidity in broiler breeder pullets. However, there is 
considerable variation in the severity of outbreaks. By understanding the 
molecular basis of strain variation, virulence factors can be found and 
new targets for immunization identified. We have used a culture-based 
strategy to attenuate a highly virulent lab strain of Histomonas. Infection 
studies performed on turkeys demonstrate that that this new lab strain 
no longer causes the lethal disease phenotype associated with cecal 
cores and liver lesions. By using a PCR based strategy, we have also 
isolated the promoter from the housekeeping gene β-tubulin. Cloning 
of the β-tubulin promoter has allowed us to express a green fluorescent 
protein in cultured Histomonas. Development of this technology will 
allow us to test the ability of putative virulence factors to rescue the 
phenotype of our lab attenuated strain of Histomonas. To identify viru-
lence factors in Histomonas meleagridis, we have made cDNA libraries 
from both the virulent and attenuated lab strains. These cDNA libraries 
are being analyzed by next generation sequencing to identify genes that 
are differentially expressed in either the virulent or attenuated strains 
of Histomonas and therefore are likely candidates for virulence genes. 
Additional sequence analysis of Histomonas cDNA libraries will for the 
first time identify the majority of genes found in this poultry pathogen 
and pave the road for future molecular studies aimed at developing 
vaccines and drug therapeutics.

Key Words: histomonas, blackhead, PCR, gene expression, virulence 
factors

    65   Evaluating the incidence of ruptured gastrocnemius tendons 
in broiler chickens. A. O. Sokale*1SC, R. W. Wills1, T. S. Cummings1, 
M. A. Burleson2, E. D. Peebles1, and P. A. Stayer2, 1Mississippi State 
University, Mississippi State, 2Sanderson Farms, Inc., Laurel, MS.

The records of broiler production companies suggests that the inclusion 
of some feed additives in broiler diets during high temperature periods 
increases the incidence of ruptured gastrocnemius tendons, leading to 
an increase in leg trims during processing. This observational study was 
conducted to measure the strength of association between the occurrence 
of ruptured tendons and heat stress when 3-nitro-4-hydroxyphenyl-
arsonic acid (3-nitro) is included in broiler diets. Broiler chickens raised 
under standard industry conditions were monitored at processing during 
the months of May and July 2010, at a southeastern US processing 
plant. Broiler chickens processed in May were raised when ambient 
temperature (T) and relative humidity (RH) averaged 17.8°C and 
69.7% respectively, with inclusion of 3-nitro in starter and grower diets. 
Chickens processed in July were raised when T and RH were 26.2°C 
and 74.4% respectively, with inclusion of 3-nitro in grower and finisher 
diets. Birds having ruptured tendons were scored as fibrosed (thickened), 
acute (red), or chronic (green). Data was analyzed by Poisson regression 
(SAS for Windows v 9.2, SAS, Inc., Cary, NC). The relative risks of the 
occurrence of fibrosed, acute, chronic; and trimmable legs in the month 
of May versus July were calculated. Birds that were processed in May 
were 1.4 times more likely to have fibrosed tendons than in July (P = 
0.10), and birds harvested in May were 1.6 times more likely to have 
acute tendons than those in July (P = 0.02). No significant difference was 
observed in the incidence of chronic tendons in birds processed in May 
versus July (P = 0.98). Calculated relative risk showed that the incidence 
of trimmable legs were 1.4 times more likely to occur in May than July 
(P = 0.12). These results were unexpected in relation to the months in 
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which the incidences of ruptured tendons were observed; however, their 
incidences in relation to specific daily temperatures during the rearing 
period are yet to be assessed.

Key Words: broiler, feed additive, heat stress, ruptured tendon, pro-
cessing

    66   Development and evaluation of a novel Bacillus-vectored 
vaccine for the reduction of Salmonella in broiler chickens. S. L. 
Layton,* C .J. Kremer, A. D. Wolfenden, M. J. Morgan, B. M. Hargis, 
and N. R. Pumford, University of Arkansas, Fayetteville.

Paratyphoid Salmonella infections of poultry continue to be significant 
regulatory and food-borne illness issues, and in some cases present 
serious disease problems for poultry. We have recently utilized a 
novel Bacillus subtilis (BS) strain which expresses a 19 AA epitope 
sequence (NNP) from Salmonella spp. with linkage to a potential 
immune-enhancing HMGB1 molecule. This Bacillus construct (BS/
NNP/HMGB1) was evaluated as a vectored vaccine candidate against 
Salmonella for epitope-specific serum IgG and secretory IgA (sIgA) 
seroconversion; as well as, reduction of Salmonella typhimurium in 
the crop, liver/spleen, ceca and cecal tonsils following challenge with 
wild-type S. typhimurium. Treatments evaluated included Saline (con-
trol), BS Backbone and BS/NNP/HMGB1. Chicks were treated by oral 
gavage at day-of-hatch and boosted 10 d post hatch (106 cfu/bird). On d 
14 chicks were challenged with 1 × 108 cfu/chick of S. typhimurium by 
oral gavage. Three and 7 d following challenge the crop, liver+spleen, 
and ceca tonsils were aseptically removed for S. typhimurium recovery 
(enrichment), and ceca was removed for S. typhimurium enumeration. 
Vaccination with BS/NNP/HMGB1 significantly decreased (P ≤ 0.05) 
S. typhimurium recovery in crop, liver+spleen,and cecal tonsils when 
compared with the Saline or Bacillus backbone treated groups. Enumera-
tion of S. typhimurium from the ceca showed a 5 log reduction (P < 0.05) 
in the group receiving BS/NNP/HMGB1. Similar results were observed 
in a replicate experiment. The subunit Bacillus-vectored vaccine (BS/
NNP/HMGB1) appears to be a strong candidate for further evaluation 
as a tool for the reduction of Salmonella in poultry.

    67   Molecular analysis of broiler chicken gastrointestinal 
microbial communities associated with common anticoccidial 
feeding programs. A. P. Neumann*1, J. A. Benson1, K. W. Lee2, G. D. 
Ritter3, D. A. Bautista4, H. S. Lillehoj2, and G. R. Siragusa1, 1Danisco 
USA Inc., Waukesha, WI, 2Animal Parasitic Diseases Laboratory, ARS, 
USDA, Beltsville, MD, 3Mountaire Farms Inc., Millsboro, DE, 4Lasher 
Poultry Diagnostic Laboratory, University of Delaware, Georgetown, 
DE.

The ubiquity of Eimeria in the commercial production environment 
makes the use of effective control measures essential. Prophylaxis 
is typically achieved using ionophoric compounds, other classes of 
anticoccidial chemicals, and vaccines. While interventions have been 
successful at reducing the impact of coccidia, they can have other 
unintended consequences on the natural communities of beneficial 
microbes in the GI tract. Disruptions in these communities can lead 
to reduced performance and disease; e. g. recent observations have 
implicated ionophores as predisposing broilers to gangrenous derma-
titis. In this study, broilers raised in pens were administered one of 8 
different diets to evaluate the effects of anticoccidial feed additives on 
the composition of the GI microbiota. Interventions evaluated included 
in-ovo vaccination, the ionophores; monensin and salinomycin, the 
chemical products; Clinacox, Deccox, and Maxiban, a chemical iono-
phore shuttle program (nicarbazin/salinomycin), and a non-medicated 
control. Intestinal mucosa samples and cecal contents were collected 
for microbial community profiling at 7, 14, 25, 34, and 43 d post hatch. 
Community profiling was achieved using DGGE and T-RFLP, as well 
as cloning and sequencing of select samples. Results indicated that gut 
location and age had a larger effect on total community composition 
than any one particular dietary treatment. However, there were some 
differences in the abundance of specific organisms observed among the 
treatments. The most notable being a clear reduction in the abundance 
of Lactobacillus salivarius in the ionophore fed birds compared with 
the non-medicated control. In conclusion, anticoccidial feed additives 
can influence the microbial communities of the GI tract. More work is 
needed to determine how these differences influence gut function and 
disease associations.

Key Words: Eimeria, coccidiosis, gangrenous dermatitis, GI micro-
biota

Nutrition II

    68   Growth performance and economic value of broiler 
chickens as affected by dietary levels of biscuit waste based 
diets. S. O. Omoikhoje,* S. O. Oboh, D. O. Obasoyo, and E. T. E. 
Ehebha, Ambrose Alli University, Ekpoma, Edo State, Nigeria.

An 8 week feeding trial was conducted to assess the effects of substitut-
ing maize for biscuit waste on the performance and cost benefit analysis 
of 120 d old Anak 2000 broiler chickens. Four dietary treatments (1, 2, 
3 and 4) were formulated with diet 1 containing 100% maize as control. 
In diets 2, 3 and 4, biscuit waste meal (BWM) replaced the percent-
age proportion of maize in diet 1 at concentrations of 25, 50, and 75% 
respectively. Results on the performance indices revealed that only the 
average liveweight and daily weight gain were significantly (P < 0.05) 
higher in birds on 50% BWM than those on other diets at the starter 
phase. While at the finisher phase, average liveweight, daily weight 
gain, feed intake, feed conversion ratio and protein efficiency ratio were 
significantly(P < 0.05) higher in broilers fed 50% BWM than those on 
other treatment diets. The cost benefit analysis indicate that cost of feed 
consumed,(N/bird), cost of feed per kilogram weight gain (N), total 

cost of production(N) decrease with increase in the inclusion levels of 
BWM with 50% inclusion level translating to the highest profit per bird. 
It therefore infers that BWM can successfully replace maize up to 50% 
level in broiler diets for enhanced performance and optimum profit.

Key Words: biscuit waste, broilers, economic value and growth

    69   Study of egg qualities related to different lysine levels 
from various strains of layers. X Dong*SC, P Curtis, D Roland, and 
L Kerth, Auburn University, Auburn, AL.

The goal of this project was to evaluate the protein levels, which may 
impact the functionality of the egg white. During this study, 2016 eggs 
were collected from 14 strains of layers on diets containing 3 levels of 
lysine. Measurements included weight, pH of albumen and yolk, whip-
ping height and angel food cake height. Results of the study indicate 
that the brown eggs were significantly heavier than the white eggs (P 
< 0.001). The weight of all egg components increased with the higher 
levels of lysine in diet. White eggs had significant higher moisture con-
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tents than brown eggs (P = 0.0017). The moisture content of albumen 
decreased as the lysine level in the diet increased. The increasing lysine 
levels resulted in greater angel food cake volume, but lower whipping 
height. Age of the layers greatly impacted the quality of albumen. In 
conclusion, brown-egg layers produced bigger eggs with less moisture 
and better heat resistant foaming ability, but less yolk. The increasing 
lysine level in the diet contributed to the increase in size, heat resistant 
foaming ability and moisture content of eggs.

Key Words: egg, lysine, albumen, foaming ability, age

    70   Effect of balanced dietary protein levels on egg production 
and egg quality parameters in commercial layers. P. Sodsee*1SC, 
M. Tahir2, B. Sebastian1, S. E. Aggrey1, and G. M. Pesti1, 1University 
of Georgia, Athens, 2Agricultural University, Peshawar, Khyber 
Pukhtunkhwa, Pakistan.

The effects of series of balanced dietary protein levels on egg production 
and egg quality in lying hens from 18 through 74 weeks of age were 
investigated in this experiment. One hundred and 40 4 pullets (Bovans) 
were randomly assigned to individual cages with separate feeders and 
were then equally assigned to 3 different protein level series with isoca-
loric diets. Diets were separated into 4 phases of 18–22, 23–32, 33–44 
and 45–74 weeks. The protein levels of high protein (H) series were 
21.62%, 19.05%, 16.32% and 16.05%, respectively. Medium protein 
(M) and low protein (L) series were 2% and 4% lower in balanced 
dietary protein. The results clearly demonstrated the balanced dietary 
protein level was the limiting factor for body weight, average daily feed 
intake (ADFI), egg weight, hen day egg production (HDEP) and feed 
per kilogram eggs. Feeding either the H or M series resulted in similar 
ADFI, HDEP (93.23% and 95.68% peak production, monthly basis), 
and feed per kilogram eggs whereas feeding with the L series resulted 
in lower ADFI and HDEP (90.33% peak production) and higher feed 
per kilogram eggs. Egg weight responded in a linear manner to bal-
anced dietary protein level (58.78, 55.94 and 52.73 g for H, M and L, 
respectively). Feed intake of all hens, but especially those in the L series, 
increased considerably after wk 54 when the temperature of the house 
decreased due to winter conditions. Thus hens fed the L series seemed 
particularly dependent on house temperature to maintain body weight, 
ADFI and HDEP. For egg quality parameters, percent yolk, Haugh units 
and egg specific gravity were similar regardless of diets. Haugh units 
were found to be greatly affected by the variation of housing tempera-
ture. Contrary to the idea of a daily amino acid “requirement,” these 
results may be used to determine profit maximizing levels of balanced 
dietary protein (and therefore amino acids). The approximation from 
overall mean value (entire experimental period), adding 2% protein to 
the M series will increase HDEP by 2.56%, egg weight by 2.84 g and 
decrease feed intake per kilogram eggs by 127 g.

Key Words: laying hens, protein titration, egg production, egg qual-
ity

    71   Effect of dietary crude protein levels on cage-free brown 
egg layers in egg production and quality. M. M. Evans*SC, K. E. 
Anderson, and C. R. Stark, North Carolina State University, Raleigh.

This study was conducted to determine the effect of 2 different levels 
of crude protein (16% and 18%) on egg production and quality from 
18 to 42 wk of age. Three treatment diets included a 16% crude protein 
commercially produced diet (C16) and 2 research diets produced at the 
NCSU feed mill; 16% (N16) and 18% (N18) crude protein. Seventeen 
brown layers were placed into 12 replicate litter pens, for a total of 204 
18 wk old birds. Each pen was 3.7 × 3.0 m for a density of 1 hen/.66 m 

< 2 > with one 12 kg tube feeder, one bell waterer, and a hen to nest box 
ratio of 4.25:1. Feed was provided ad libitum, with one feed weigh back 
recorded per 4 wk period over the 6 wk trial. Daily records were collected 
on eggs production and livability. On the third week of each period a 
minimum of one dozen eggs was collected from each pen for egg weight 
and USDA grade and size distribution. The egg sample was divided into 
2 groups of 6 eggs each for Haugh Units and egg shell strength. These 
were measured and recorded on an Egg Analyzer and Texture Expert 
Analyzer, respectively. Statistical analysis was done using the PROC 
GLM in SAS and LSMEANS with significant differences separated 
using PDIFFs. Hen-housed eggs and Hen-day production were affected 
by diet. Birds fed the N16 and N18diets had more (P < 0.05) eggs than 
birds fed C16. Dietary treatment significantly affected Hen-day produc-
tion; birds fed N16 had the highest mean, C16 the lowest. Egg wt and 
percent Extra Large were different (P < 0.05) between each treatment. 
Egg wt was higher for birds that received C16 and N16 compared with 
N18. The parameters of feed consumption, livability, and physical 
egg quality were not significantly affected by the diet fed. This study 
indicated that the birds fed the N16 had the best performance while the 
eggs produced from the C16 had the highest quality.
99

Key Words: egg, protein, layer, cage-free, diet

    72   Effects of feeding various digestible lysine intake levels by 
Cobb 500 broiler breeder hens on reproductive performance. L. 
Mejia*SC, C. D. McDaniel, and A. Corzo, Mississippi State University, 
Mississippi State.

A study was conducted to examine the reproductive parameters of Cobb 
500 broiler breeder hens fed different daily consumption levels of dig 
lysine (mg/hen/day) on the reproductive parameters of Cobb 500 broiler 
breeder hens. 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 pre-breeder diet (CP 
16%, Ca 1.50%, dig lysine 0.92%) was fed from 21 to 24 wk of age, 
and a breeder diet (CP 16%, Ca 3.0%, dig lysine 0.65%) was fed from 
25 to 34 wk of age, respectively. Experimental diets were fed from 35 
to 45 wks of age. Treatment 1 and 2 diets were formulated with com-
mercially available ingredients and resulted in daily dig lysine intakes 
of 1,200 (IDL) and 1,010 mg/hen/day (ID), respectively. Treatments 3 
and 4 were semi-purified diets and used L-glutamic acid to maintain 
isonitrogenous conditions, with dig lysine levels 1,010 (SPL) and 600 
mg/hen/day (SP). Hens fed the SPL and SP diets had lower hen-day 
egg production than hens fed the ID diet, with hens receiving the IDL 
diet yielding intermediate values. Hens fed the SP diet had the lowest 
(P < 0.05) egg weight but no differences were observed among dietary 
treatments for egg specific gravity. Fertility and hatch of set were lowest 
(P < 0.05) for hens fed the SPL dietary treatment. No differences were 
observed for early and middle dead, contaminated or pipped eggs. Late 
dead was observed to be higher (P < 0.05) in hens fed the SPL diet. A 
decrease in the daily intake of dig lysine from 1,010 to 600 mg/hen/day 
improved broiler breeder reproductive performance when hens were fed 
semi-purified diets, but the same did not occur when reducing dig lysine 
intake from 1,200 to 1,010 when using commercial-type diets.

Key Words: broiler breeder, fertility, lysine

    73   Toxicity and tissue selenium levels of chicken embryos 
resulting from in ovo selenium injection. L. M. Macalintal*SC, A. 
H. Cantor, A. J. Pescatore, K. A. Dawson, J. L. Pierce, M. J. Ford, 
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H. D. Gillespie, and A. N. Meredith, Alltech-University of Kentucky 
Nutrition Research Alliance, Lexington, KY.

The effect of injecting graded levels of selenium (Se) as seleno-L-
methionine (Se-Met) or sodium selenite (Na2SeO3) into the yolk of 
incubating eggs on embryo toxicity and tissue Se concentration was 
studied. On Day 10 of incubation, fertile eggs were injected with 20, 40 
or 60 μg of Se as Na2SeO3 or Se-Met in a volume of 0.1 mL of phosphate 
buffered saline (PBS). Another treatment (sham-control) consisted of 
injecting 0.1 mL of PBS without Se. Four replicate groups of 25 eggs 
were assigned to each treatment. Embryo viability values at Day 20 of 
incubation were 95% for the sham-control; 86, 84 and 88% for 20, 40 
and 60 μg Se as Na2SeO3; and 93, 87 and 97% for 20, 40 and 60 μg 
Se as Se-Met; respectively. The order of Se concentrations in Day 20 
embryo tissues was liver > lung > heart > breast, regardless of the Se 
source. Using Se-Met as the Se source resulted in higher Se concentra-
tions in the liver, lung, heart and breast muscle, compared with Na2SeO3. 
Linear increases in all tissues were obtained with increasing doses of 
Se. However, the change in heart and breast muscle Se concentrations 
was not significant above the 40 μg dose when Na2SeO3 was used (P > 
0.05). Regression coefficients for tissue Se concentrations vs. injected 
dose for all tissue were significantly greater for Se-Met than for Na2SeO3 
(P < 0.01). The current study indicates that in ovo yolk sac injection of 
up to 60 μg of Se as either Se-Met or Na2SeO3 is not toxic to embryos 
and that using Se-Met results in higher tissue Se levels.

Key Words: selenium, in ovo injection, chicken embryo, sodium sel-
enite, seleno-methionine

    74   Resolving pellet quality issues with the manufacture of 
commercial turkey diet formulations. K. G. S. Lilly*SC, L. K. Shires, 
B. N. West, and J. S. Moritz, West Virginia University, Morgantown.

High throughput and high fat inclusion in commercial turkey diets 
decreases pellet quality. This necessitates feed manufacturers to address 
these factors to realize the potential of feeding high quality pellets. Pos-
sible solutions include the use of commercially available pellet binders 
or utilizing feed manufacturing techniques that maximize heat transfer 
for nutrient binding within the pellet, e.g., thicker pellet die. However, 
a thick pellet die may be detrimental to throughput and heat sensitive 
nutrient stability, specifically amino acids; the use of increased mixer-
added fat may reduce frictional heat and alleviate these concerns. This 
experiment was a 3 (binder) x 2 (technique) factorial design. Com-
mercial turkey diets incorporated either no binder, or one of 2 different 
commercially available binders and processed using 2 techniques: 1% 
mixer-added fat and 38.10mm effective die thickness or 3% mixer-added 
fat and 44.96mm effective die thickness. To create a complete diet, the 
remainder of the fat was added post-pellet, so that all diets contained 
8% fat. All treatments were manufactured at West Virginia University′s 
pilot feed mill and steam conditioned at 82.2°C. The 6 treatments were 
pelleted in random order each day, for 4 d, producing 4 replications. 
Binder inclusion improved several feed manufacture variables such as 
pellet durability index, modified pellet durability index and feed-fine 
production, indicating the production of high quality pellets (P < 0.05). 
The inclusion of 3% mixer-added fat and 44.96mm die decreased pellet 
quality, but also decreased pellet mill relative electrical energy usage 
(P < 0.05). However, when binders were included, manufacturing 
variables were improved (P < 0.05). Neither binder nor manufacturing 
technique affected production rate (P > 0.05). Creating a high quality 
pellet is important, but creating feed that is highly digestible and readily 
available to the bird is imperative. Therefore, true amino acid digest-
ibility of the diets was investigated using Single Comb White Leghorn 
cecectomized roosters as a model.

Key Words: feed manufacture, pellet binders, turkey diet, mixer-added 
fat, digestibility

75   Effect of dietary inclusion of Actigen  and virginiamycin on 
the growth performance of turkey toms. I. B. Barasch*SC, P. R. 
Ferket, J. L. Grimes, C. R. Stark, and R. D. Malheiros, North Carolina 
State University, Raleigh.

There is growing interest in the use of alternatives to antibiotic feed 
additives for commercial turkey production. Growth performance of 
turkey toms fed diets supplemented with Actigen (Alltech, Inc.), a 
mannose-rich oligosaccharide derived from cell wall of a specific strain 
of Saccharomyces cerevisiae, was compared with diets supplemented 
with virginiamycin, a common antibiotic feed additive. On the day of 
hatch 864 Hybrid Converter turkey tom poults were randomly distrib-
uted among 48 floor pens in a curtain-sided facility. All the poults were 
naturally challenged by placing them on used litter from a previous flock. 
Feed and water was provided ad libitum to all birds until 20 weeks of 
age. The pens were randomly assigned to one of 4 dietary treatments: 
MC [1–12 wks diets contain monensin, 12–20 wks non-medicated]; AA 
[1–12 wks monensin and Actigen , 12–20 wks contain Actigen ]; MA 
[1–12 wks monensin, 12–20 weeks Actigen ]; MV [1–12 wks monensin, 
12–20 weeks virginiamycin]. Body weights (BW) and feed consump-
tion were determined at 3, 6, 9, 12, 14, 16, 18, and 20 weeks, and feed/
gain (FCR) calculated. There was no statistically significant treatment 
effect on feed consumption. The treatment receiving virginiamycin had 
about 2 to 3% higher BW at 14, 16, 18, and 20 wks (P < 0.05) than 
the other treatments. For cumulative (1–20 wk) FCR, among the AA 
treatment group was significantly higher than the MV, MA, and MC 
groups, respectively (2.53 vs 2.41, 2.44, and 2.45, P > 0.0002). Dietary 
supplementation of virginiamycin resulted in the highest 20 wk BW. In 
contrast, Actigen supplementation from 1 to 20 wks resulted in inferior 
FCR. More research is needed to confirm Actigen as an alternative to 
antibiotic feed additive for turkeys.

Key Words: turkey, antibiotics, Actigen, growth, yeast

    76   Effect of MaxiChick (25-hydroxycholecalciferol and 
canthaxanthin) supplementation on turkey breeder performance 
and on the quality of the day-old-poult. C. Hamelin1, S. Briere2, 
G. Leveque2, M. F. Soto-Salanova*1, and J. M. Hernandez1, 1DSM 
Nutritional Products Europe, Basel, Switzerland, 2Grelier France, 
Saint-Laurent de la Plaine, France.

The effect of supplementing turkey breeder diets with a patent pro-
tected combination of 25-hydroxycholecalciferol and canthaxanthin 
(MaxiChickâ„¢) was evaluated. 1100 BUT 10 female turkey breeders 
were allocated randomly to 20 pens and 2 treatments (10 replicates/
treatment), with 55 females per pen. Hens were artificially inseminated 
once a week from 31 to 50 wk of age. All birds received the same diet, 
but the treated birds received 6ppm canthaxanthin, and a vitamin premix 
in which half of the vitamin D was replaced by 37,5 mg/kg 25-hydroxy-
cholecalciferol (MaxiChickâ„¢). Males were monitored for body weight, 
sperm volume, concentration and mobility at 33, 45 and 50 weeks of 
age. Females were also weighed weekly, and egg production, number 
of hatching eggs, and culled eggs were recorded daily and monitored 
weekly. At 4 different ages (34, 38, 44, and 50 weeks) eggs were set in 
trial conditions to monitor poult quality (first grade poults, culled poults, 
dead embryos). At 44 wk of breeder age, blood and livers of 25 poults 
per treatment were collected for TBARs determination. At 34 weeks of 
age, breeders fed MaxiChickÂ showed better hatchability, more hatching 
eggs and more poults per hen. This difference was maintained until the 
end of the experiment. At the end of the trial, by 50 weeks of age, the 
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broiler hatched from a 63 g egg from a dwarf dam was predicted to weigh 
3107.77 + 7.61(63) −37.42 −576.32 = 2973 g at 50 d. The coefficient for 
chick weight (CW) was positive but non-significant. However, in one 
model, both egg and chick weights were highly significant. The negative 
coefficient for CW in one model suggested that of the 2 broilers of the 
same EW, the one with the greater CW would have the smaller 50 d BW. 
Chick weight was a linear function of EW but the little improvement 
in R2 with the quadratic effect of EW indicated that the effect of egg or 
chick weight on broiler body weight at 35 or 50 d was best represented 
by a single linear function. Differences in BW due to EW increased 
with broiler age. The coefficients of egg and chick weights predicted 
that the differences in BW per g of egg were 1.43, 3.06, 6.24 and 7.61 

number of settable eggs was 100.7 Â ± 1.2 for the control group, 101.6 
Â ± 1.0 for the treated group. Sperm volume and sperm concentration 
were greater for the MaxiChickâ„¢ birds (7.39 Â ± 0.46 vs. 6.92*109 
Â ± 0.16 at 33 wk). Candling at 10–14 d indicated increased fertility for 
the MaxiChickÂ group (93.81 vs. 92.95%) after 6 wks in the trial, and 
also a subjective evaluation indicated more first quality chicks for the 
treated group. Liver TBARs of chicks coming from 44-wk-old breeders 
fed MaxiChickÂ were significantly lower than those of control chicks. 
These results confirm the positive effect, previously reported for broiler 
and layer breeders, of feeding canthaxanthin and 25-hydroxycholecal-
ciferol to turkey breeders.

Key Words: 25-hydroxycholecalciferol, canthaxanthin, turkey breeders, 
performance, liver TBARS

     77   Effect of dietary supplementation of beta-mananase 
(CTCzyme) on the growth performance of turkey hens. R. D. 
Malheiros*1, P. R. Ferket1, J. L. Grimes1, and S. W. Kim2, 1Department of 
Poultry Science, North Carolina State University, Raleigh, 2Department 
of Animal Science, North Carolina State University, Raleigh.

CTCzyme (CTCBIO, Inc., Seoul, Korea) is a heat stable β-mannanase 
that can reduce the anti-nutritional effects of mannanoligosaccharide, 
a highly viscous indigestible non-starch polysaccharide in soybean 
meal (SBM) and many other feedstuffs that compromises dietary 
energy utilization. Nine-hundred-60 6-week old Nicholas turkey hens 
were randomly assigned to one of 48 pens with 20 hens per pen. Four 
experimental diets were randomly assigned among 12 pens. Feed and 
water was available to the birds for ad libitum. Feed consumption, group 
body weights, and number of birds per pen were recorded at 8, 10, 12, 
14, and 16 weeks. The experiment was designed as a 2 X 2 factorial 
arrangement of 2 dietary inclusion levels of CTCzyme (CTCBIO, 
Inc.) (0 and 0.05%) and 2 dietary levels metabolizable energy (High 
and Low) that differed by 150 kcal ME/kg. The CTCzyme product 
contained 992 units β-mannanase/g. At 14 weeks of age, 3 mL blood 
samples were collected of one bird per pen for analysis turkey α1acid 
glycoprotein (AGP). This experiment was analyzed as a completely 
randomized block factorial design. Turkeys fed the high energy feed had 
significantly greater BW at 8, 10, 14, and 16 weeks of age (P < 0.01) 
than those fed the low energy feeds, without affect on FCR. Dietary 
CTCzyme supplementation significantly increased BW and improved 
FCR by about 10 points (P < 0.05), independent of dietary energy level. 
Although significant enzyme X dietary energy interaction effects were 
not observed on growth performance of hens, the dietary supplementa-
tion of CTCzyme was marginally more effective in the high-energy, 

high fat diets than the low energy diets, indicating possible improve-
ments in dietary fat utilization. Dietary CTCzyme supplementation did 
not affect AGP level of the hens sampled at 14 weeks of age. Dietary 
supplementation of CTCzyme clearly improved growth performance 
of turkey hens, regardless of dietary energy level.

Key Words: turkeys, β-mannanase, dietary energy, growth performance, 
α-acid glycoprotein

    78   The effect of feeding Original XPC to turkey breeder 
hens and progeny on the growth performance of turkey toms. 
P. R. Ferket*1, R. D. Malheiros1, I. Barasch1, M. J. Wineland1, and 
D. Moore2, 1North Carolina State University, Raleigh, 2Diamond V, 
Cedar Rapids, IA.

This study investigated the use of a Saccharomyces cerevisiae fermen-
tation product, XPC, in turkey breeder diets and subsequent progeny 
diets. Two diets were proved to Hybrid Converter breeder hens starting 
at 29.5 weeks of age before the onset of lay: control diet or the control 
diet containing 0.075% XPC. At approximately 33.5 weeks of age, 
eggs were collected from both breeder flocks and transported to North 
Carolina State University where they were incubated. Male poults were 
divided at hatch into 4 treatments with 10 pens/treatment and 15 poults/
pen. The treatments were arranged as a 2X2 factorial, consisting of 2 
dietary XPC levels for breeders (0 and 0.075%) and 2 dietary XPC 
levels for progeny (0 and 0.125% 1–6 wks and 0.0625% until 20 wks). 
The toms were raised in a curtain-sided, floor pen facility, and provided 
feed and water ad libitum. Body weights (BW) and feed consumption 
was determined at 3, 6, 9, 12, 14, 16, 18, and 20 wks and feed/gain 
(FCR) calculated. At 20 wks, 20 birds per treatments were slaughtered 
and carcass parts yield was determine. There were no significant (P > 
0.05) breeder effects or breeder X progeny interaction effects on BW or 
FCR throughout the experiment. BW of progeny fed XPC was greater 
than controls at 3 wks (579 g vs 509 g, P < 0.0001), 6 wks (2595 g vs 
2417 g, P < 0.0001), 9 wks (6057 g vs 5480 g, P < 0.0001), 12 wks 
(10515 g vs 10151 g), P = 0.0002), and 14 wks (13495 g vs 13180 g, P 
= 0.0041). However, cumulative FCR of progeny fed XPC was lower 
than controls from 1 to 3 wks (1.71 vs 1.59, P < 0.0001), and 1–14 wks 
(2.12 vs 2.21, P = 0.0130), but this advantage was lost by 20 wks. There 
were not significant treatment effects on carcass yield. Feeding poults 
XPC to commercial tons improves growth performance through to 14 
wks of age although less advantage was observed during the subsequent 
finishing period.

Key Words: turkeys, Saccharomyces cerevisiae, fermentation product, 
growth performance, carcass yield

    79   Relationships of egg and chick weight on the performance 
of progeny from standard and dwarf broiler dams. M. Tahir*1, H. 
Cervantes3, C. W. Farmer2, and G. M. Pesti2, 1Agricultural University, 
Peshawar, Khyber Pakhtunkhwa, Pakistan, 2University Georgia, 
Athens, 3Phibro Animal Health, Ridgefield Park, NJ.

Eggs were collected from 2 commercial crosses (42 weeks of age) with 
the same male parent. One female parent was dwarf (dw-). Broiler prog-
eny performance as function of egg and chick weights was investigated. 
Fertility (91.7 vs 94.7%) and hatchability (95.2 vs 96.3%) were similar 
for eggs from standard and dwarf dams, respectively. Egg weight (EW) 
contributed significantly to variation in body weight (BW). A female 
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g and per g of chick were 1.87, 3.99, 8.14 and 9.93 g, respectively, at 7, 
21, 35, and 50 d. The coefficients relating BW to EW and CW increased 
by 0.1563 and 0.2092, respectively, per day of age for males from 
standard dams. Clearly both egg and chick weights are important for 
modeling or predicting market age broiler weight and economic returns. 
No significant differences were observed between 50 d body weight 
and hot carcass yields of broiler chicks from standard vs dwarf dams. 
These results compared with those from 1980s indicated that genetic 
selection has decreased the influence of EW on broiler growth and the 
present dwarf broiler breeder dams may produce progeny comparable in 
performance to the standard dams. However, the exact amount attributed 
to the dwarfing gene cannot be estimated from this study because of the 
different genetic backgrounds of these female parents.

Key Words: egg, chick, dwarfing gene, broiler, growth

    80   Climate change and animal productivity: Training and 
research option. J. A. Olupona,* A. O. Owosibo, F. O. Ogunleke, 
O. O. Adejinmi, and A. M. Raji, Federal College of Animal Health 
and Production Technology, Institute of Agricultural Reseaerch and 
Training, Ibadan, Oyo, Nigeria.

Climate is a complex factor made up of several variables which affect 
the functions of animals, particularly when there is continuous fluctua-
tion of climatic conditions in the natural environment. Animals play an 
important role as sources of critically needed protein in most tropical 
countries. In some areas, animal production methods have not been 
improved properly over several centuries, while in adjacent areas with 
equally difficult climatic environment, modern efficient livestock pro-
duction has been established; however, in 2006, a report by FAO blamed 
livestock for generating some 18 percent of the greenhouse gases that 
caused global warming more than cars, airplanes and all other forms 
of transport put together. Livestock also produces more than 100 other 
polluting gases including over 2-thirds of the world’s emissions of 
ammonia – one of the main causes of acid rain. This paper attempts to 
review the advances during the past decade in the southwestern part of 
Nigeria, scientific evidence and practical experience to support the influ-
ence of climate on animal productivity and how selection and adaptation 
has greatly improved climate tolerance of animals. In view of the FAO 
report indicting livestock as contributing to the global warming coupled 
with the World Health Organization (WHO) report that global climate 
changes causes 150,000 deaths and 5,000,000 disabilities yearly in the 
developing countries, the next step will be to work on climate change 
solutions that include the introduction of bio-digesters and energy 
audits at our farms. In planning to solve this problem, there is need for 
proper education bearing in mind that people have responded ignorantly 
to climate change. The public should be educated and environmental 
sanitation improved upon. There is need for meaningful and coordinated 
research and government should establish baseline relationship between 
weather and food security. Moreover, there is need for global livestock 
agenda for action aimed at reducing emissions associated with animal 
production and development and share innovations for lower impact 
livestock production.

Key Words: climate change, global warming, greenhouse gases, bio-
digesters, training and research

    81   Development of a novel polymer plenum floor for broilers to 
replace litter and reduce house/environmental ammonia emissions. 
M. Dekich*1 and J. Harter-Dennis2, 1AviHome LLC, Salisbury, 
MD., 2University of Maryland Eastern Shore, Princess Ann, MD.

Approximately 9 billion broilers are raised in the US annually producing 
25 billion pounds of manure. Broiler house floors have several types 

of material, called litter, that is used to absorb the manure moisture. In 
the broiler houses ammonia is produced by natural chemical reaction 
and released which is detrimental to the natural environment, broiler 
health, and human health. With 5 years of engineering and testing a 
special flooring has been developed to replace the litter. The plenum 
flooring is comprised of 18 in. X 18 in. interlocking squares made 
from injection molded polymers. The squares have engineered holes 
that allow moisture in the manure to be wicked away from the manure 
on the flooring into a plenum. The squares are mounted on top of a 
mat of coned pegs. When locked together, the gap created between the 
2 pieces allows moisture to travel through the floor to be exhausted 
through the plenum. In consequence, manure moisture on the top of 
the floor is extensively reduced (below 28%) and the pH of the manure 
is maintained below 8 which stops ammonia production. The flooring 
system also seals the floor from the ground below which draws heat 
from the house. Dust levels are visibly reduced. Bacteria populations 
are reduced by moisture control. Coccidial populations are reduced 
also with feces drying, interfering with sporulation. Darkling beetles 
are virtually eliminated. Broiler production parameters, such as growth 
rate and feed conversion, are comparatively improved allowing better 
genetic potential to be achieved for more cost effective broiler meat 
production. So, eliminating litter with the innovative plenum flooring 
dramatically reduces ammonia production thus impacting the natural 
environment, poultry health/animal welfare, and broiler production 
parameters positively. Design and testing will be presented.
Key Words: broiler, litter, ammonia, environment, plenum flooring

    82   The effect of sodium bisulfate on reducing Salmonella 
in poultry litter. K. S. Macklin,* Z. T. Williams, M. A. Bailey, J. T. 
Krehling, and J. P. Blake, Auburn University, Auburn, AL.
Sodium bisulfate (SB) has been shown to be effective in reducing 
ammonia emissions in poultry houses. Its mode of action is to acidify 
the litter, lowering of litter pH leads to a decrease in ammonia produc-
tion and if the pH is low enough to inhibit bacterial growth. However 
there is some conflicting evidence “under real world” application rates 
as to the ability of litter acidifiers to lower litter pH sufficiently to 
inhibit bacteria. To test this hypothesis, 2 experiments using litter spiked 
with Salmonella were performed. Both experiments were identical in 
design and were performed by measuring 3kg of built up litter into 12 
0.21m2 boxes. On D0 every box was inoculated with a 40mL cocktail 
of Salmonella (~1 × 1010). After addition of the Salmonella cocktail, 
SB was added at 3 treatment levels (50, 100, 150 lbs/1000ft2) that are 
typically utilized in commercial poultry houses. Each treatment of SB 
was added to 3 boxes, in addition there were 3 untreated (CON) boxes. 
Ammonia measurements were taken from each box daily (D0-D4), 
while litter samples were collected from each box on D0, D1 and D4. 
Litter samples were analyzed for pH, percent litter moisture and cfu/g 
of - total aerobes, anaerobes, enteric and Salmonella. Resulting bacterial 
counts were transformed using log10 and percent litter moisture data by 
arcsine transformation. Data was then analyzed using GLM with P < 
0.05 and significant means separated using Duncan MRT. As expected 
the higher the amount of SB added to the litter the lower the ammonia 
emissions and litter pH. Between the 4 treatment groups there was no 
difference between litter moisture levels or enteric bacterial counts. On 
D1 there was a difference in Salmonella levels between CON (2.27) and 
SB (5.78, 6.13, 4.79) treated boxes. By D4, there were significant differ-
ences between CON and the 3 SB treatments concerning total aerobes, 
anaerobes and Salmonella levels with CON having significantly lower 
numbers than the SB treatments. Results from these experiments are 
not overtly surprising, since the pH of the SB treated litter was between 
6.5 and 8.0, which is the pH most bacteria thrive.
Key Words: Salmonella, sodium bisulfate, litter, ammonia, pH
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    83   Productive performance and litter microbiology of broiler 
chickens fed sodium bisulfate. C. A. Ruiz-Feria*1, E. Larrison1, M. 
Davis1, M. Farnell1, J. Carey1, and J. Pitts2, 1Texas A&M University, 
College Station, 2Jones-Hamilton Co., Walbridge, OH.

Three experiments were conducted to evaluate the effects of sodium 
bisulfate (SB) supplementation on growth, intestinal integrity, and litter 
microbiology of broiler chickens. Birds were fed a corn-soybean meal 
diet meeting all of the NRC (1994) requirements. In Exp. 1 and 2, birds 
were fed diets supplemented with 0 (control diet, CTL), 0.25, or 0.75% 
(w/w) of feed-grade SB (SB25 and SB75, respectively), with 6 pen 
replicates (23 male and 23 female / pen). For Exp. 3 one d old chicks 
(n = 920) were placed in 20 pens and fed the CTL diet, or the SB25 diet 
offered during the first 21, 35, or 49 d (treatment 21D, 35D, and 49D, 
respectively); the basal diet was offered until the end of experiment for 
treatments 21D and 35D. The data was analyzed as a one way ANOVA 
(SigmaStat) and means separated using Student-Newman-Keuls method. 
In Exp. 1 female chickens fed the SB25 diet were heavier (P < 0.05) 
at d 21 than female birds fed the CTL or the SB75 diet; the FC was 
similar among groups. In Exp. 2 chickens fed the SB25 or SB75 diets 
were consistently heavier and had a lower FC (P < 0.05) than birds fed 
the CTL diet. In Exp. 3 birds fed the SB-supplemented diet had lower 
BW than birds fed the CTL diet; however birds in the 35D or 49D 
treatments had a better FC than birds fed the CTL diet. The litter of 
birds fed the SB25 diet had lower levels of Salmonella at wk 4 and 6 in 
Experiment 2, and at wk 4 in Exp. 3. The duodenum villus height was 
not consistently affected by the dietary treatments. Our results show that 
SB supplementation improves productive performance and reduces the 
environmental levels of Salmonella, with variable efficacy, perhaps due 
to seasonal conditions.

Key Words: broilers, sodium bisulfate, litter Salmonella, growth 
perfromance

    84   Darkling beetles (Alphitobius diaperinus) location and life 
cycle impacts population. J. J. Arends*1, J. D. Skinner2, and R. H. 
Stonerock2, 1Jabb of the Carolinas, Inc., Pine Level, NC, 2Terregena 
Inc., Raleigh, NC.

Darkling beetle populations monitored from 2009 to 2010 raises ques-
tions why beetles thrive in different locations from summer to winter. 
Does lifecycle length and emergence patterns differ with seasonal 
changes? Beetle populations from 20 broiler farms (2 to 6 consecutive 
broods) at 21 d post placement, and 3–5 d before processing. One-pint 
samples (10 samples per house) from brooder and non-brood areas 
(center, wall, under feed pan) separated litter, adults, and larvae through 
a standard sieve. Litter temperatures were noted at the collection sites. 
Female beetles live 400+ days ave. Five eggs per day. Litter temperature 
varies seasonally and by location within the house. At 680F, the LC is 
more than 140 d, at 950 to 1000F, 28 to 30 d. Brood chambers in NC 
winter range from 780 to 950F while in the non-brood sections ranged 
from 520 to 720. June temperatures ranged from 880 to 1050F, brood and 
non-brood. Beetle distribution differed in warm and cold temperatures, 
and overall population density. Beetles tend to concentrate in brood areas 
under feeders and along walls with cooler temperatures; while warm 
temperatures observed a uniform distribution in brood and non-brood 
areas, with concentrations of larvae under feed pans. Management 
programs not considering seasonal changes for population relocation 
and fail to adjust will not provide consistent results.

Key Words: Darkling beetles, Alphitobius diaperinus, life cycle, tem-
perature, beetle management

    85   Maintaining low Darkling beetle population. J. J. Arends*1, 
J. D. Skinner2, and R. H. Stonerock2, 1Jabb of the Carolinas, Inc., Pine 
Level, NC, 2Terregena Inc., Raleigh, NC.

Some industry efforts to reduce darkling beetles offer warm weather pest 
reductions only, while others treat year round. The level of insecticide 
performance variance infers many current products have significant 
levels of resistance. While there is documentation of insecticide resis-
tance, other factors appear to impact the degree of control achieved. This 
study examines those factors. Litter samples from 20 broiler farms at 
21 d post placement and 3- 5 d before flock harvest for 2–6 consecutive 
flocks during winter and summer (2009–10). Samples scooped into a 
1-pint container and placed into labeled zip lock bag then transported 
to the lab for screening. Ten collections per house from both brood and 
non-brood chambers at the wall, directly under feed pan, center, feed pan 
and wall. Corresponding litter temperatures documented at site. Standard 
sieve screens separated litter, adult beetles, and larvae for counting. 
Treatments consisted before flock placement, at placement + mid flock 
(14 or 21 d) using Insecticide spray or spray/bait combinations, where 
50% of the houses on a farm treated with spray and the remaining 50% 
with spray/bait. Adults increased from d 21 to flock end 2 1/2–3x with 
a single spray treatment vs. 1 1/2–2x for spray/bait treatment. Larvae 
increased 3 1/2x vs 2x in the respective treatment schemes. Highest 
larval counts were under feeder pans, wall, and centers. Highest adult 
counts were at feed pans and walls, with the lowest counts at the center. 
Winter flocks displayed a significant difference between brood and non-
brood areas while summer flocks offered no difference between sections 
of the house. These data indicate the need for a mid-flock treatment to 
ensure pesticide presence as adult and larva emerge. Single treatment 
before flock placement will immediately suppress beetles, however, total 
number of beetles will continue to increase from emergence taking place 
during the flock and after pesticide is no longer active.

Key Words: beetle control, Alphitobius diaperinus, treatment program, 
seasonal control, life cycle

    86   Effect of flock rotation on litter microflora. A. Nalian*1, J. 
Bray1, A. Kaushik1, S. Dowd2, and A. Martynova-Van Kley1, 1Stephen 
F. Austin State University, Nacogdoches, TX, 2Research and Testing 
Laboratories, Lubbock, TX.

We report the results of pyrosequencing of 16S rDNA from litter samples 
collected from commercial broiler houses before and after a single flock 
rotation. Samples were collected from tunnel ventilated houses contain-
ing 27,600 straight-run broilers reared for 49 d on built-up pine litter. 
The first set of samples was taken before the study flock to determine 
baseline data for microbial population of each house (Baseline samples). 
Second set of samples was taken at the completion of the study on d 49 
(Post-flock samples).A total of 36 samples/house were collected from 
a grid pattern, with 3 sites at 3.275 m across the house and 12 sites at 
11.72 m down the length of the house. The top 5 cm was collected in 
sterile containers before DNA extraction. Pyrosequencing of 20 com-
posite samples produced more that 150,000 sequences. The sequence 
analysis showed a high bacterial diversity present in litter samples: all 
the samples together contained more than 1000 unique bacterial taxa. 
We found no significant difference in bacterial richness (total number 
of taxa) within/between the houses or between the baseline samples and 
post-flock samples. On average, litter samples contained 200 to 250 taxa. 
The most abundant species were Salinicoccus roseus and Staphylococcus 
cohnii in baseline samples 9.2% and 7.4% and in post-flock samples 
12.8% and 9.8% respectively. Redundancy analysis of the species 
matrix showed a significant difference in composition and abundance 
of bacterial species in samples pre- and post-flock (P = 0.0001). Our 
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data suggest that bacterial communities in litter are diverse and dynamic 
and understanding of the relationships between microbial community 
and physiochemical properties of litter will help in the development of 
management practices at the broiler houses.

Key Words: microflora, pyrosequencing, litter, broiler, bacteria

     87   Foot pad dermatitis in broiler chickens: Effect of pine shavings 
particle size. O. Cengiz1, J. B. Hess2, and S. F. Bilgili*2, 1Adnan 
Menderes University, Aydin, Turkey, 2Auburn University, Auburn, AL.

The objective of this study was to examine the effect of particle size of 
fresh pine shavings on foot pad dermatitis (FPD) incidence and severity 
in broiler chickens. Early and transient exposure to high litter moisture 
on FPD was also evaluated. A total of 600 female broiler chicks were 
reared to 48 d of age in a 4x2 design consisting of 4 bedding treatments 
(fresh pine shavings, either as is, or screened to particle size > 0.5cm 
and < 0.5cm; plus used litter with particle size < 0.5cm as a control), and 
2 transient moisture treatments (with or without added water). Chicks 
were placed in 40 floor pens (15 birds per pen; 40 pens total) at a depth 
of 8 cm of bedding. One half of the pens were wetted on Days 1, 3 
and 5 to create a transient high moisture conditions. Common starter, 
grower and withdrawal feeds and water were freely available; lighting 
was continuous throughout the study. Litter samples were collected, 
pooled and analyzed for moisture on Days 5 and 48. In addition to live 
performance, FPD incidence and severity were assessed on Days 20, 
34 and 48 by using a 3-point scale. Data were analyzed as a factorial 
design using replicate pens as an experimental unit. Significant (P < 
0.05) differences in body weight were detected for bedding treatments 
on Day 34, and moisture treatments on Days 20 and 34. Placing and 
rearing birds on high moisture bedding depressed early growth rate, but 
final weights equalized by 48 d of age. Wetting litter on Days 1, 3 and 
5 significantly (P < 0.05) increased the litter moisture from an aver-
age of 10.2 (un-wetted pens) to 53.4% (wetted pens). No differences 
in moisture levels were detected by Day 48 (P > 0.05). The incidence 
of FPD was highest (P < 0.05) in birds reared on fresh pine shavings 
with particle size > 0.5cm and lowest on used litter treatment on Days 
20 (88 vs. 27%), 34 (90 vs. 40%), and 48 (75 vs. 20%). Similarly, FPD 
severity was highest with large particle size bedding. These results 
indicate that particle size of the litter has a direct and major influence 
on the development of FPD. Early and transient high moisture did not 
affect the incidence and severity of FPD in this study.

Key Words: broiler, footpads, dermatitis, shavings

    88   Evaluation of chopped switchgrass and chopped bermuda 
grass as sustainable litter materials over multiple broiler flocks. J. D. 
Davis*1, J. L. Purswell2, and A. S. Kiess3, 1Agricultural and Biological 
Engineering, Mississippi State University, Starkville, MS, 2USDA ARS 
Poultry Research Unit, Starkville, MS, 3Poultry Science, Mississippi 
State University, Starkville.

Litter materials for broiler production are becoming increasingly costly 
and limited in availability. A local, sustainable source of litter material 
would be beneficial and alleviate availability concerns. A preliminary 
study evaluating chopped Switchgrass showed similar results in pro-
duction and processing data when compared with pine shavings, when 
compared over a single grow-out cycle. Bermuda grass is a readily 
available potential litter source through local forage and cattle farmers, if 
not produced directly on the poultry farm. In the current study, hammer-

milled Switchgrass (SG) and Bermuda grass (BG) hay were compared 
with pine shavings (PS) as an alternative litter material. Twenty 4 pens, 
measuring 1.5 Ãƒâ€” 2.7 m, containing PS, SG, or BG were used (8 
pens per litter treatment). Forty-eight broilers were placed in each pen 
(24 males / 24 females), for a total of 1152 broilers. The experiment 
was then followed over 3 grow-out cycles. Live weights and feed intake 
were obtained at 14, 28, 42, and 49 d of each cycle. Ten birds (5 males 
/ 5 females) per pen were processed and carcass weights and foot pad 
scores (FPS) were obtained. Statistical analysis was performed with 
PROC MIXED, with significance considered at Ã¯Â Â¡ = 0.05. Overall, 
mean body weight, adjusted feed conversion, body weight gain, and 
mortality were not different over the 3 grow-out cycles. Mean FPS were 
not different (P = 0.07) between SG, BG and PS (1.53, 1.52, and 1.63, 
respectively). Percentage of foot pad downgrades (score 2 and 3) for 
SG, BG and PS were 37.9%, 33.7% and 44.5%, respectively. Chopped 
SG and chopped BG performed as well as PS as a litter material over 
3 grow-out cycles.

Key Words: litter, sustainability, switchgrass, bermuda grass, foot 
pad

    89   Air movement in broiler houses. B. D. Fairchild* and M. 
Czarick, University of Georgia, Athens.

Approximately 80% of the cooling produced in a modern tunnel-
ventilated poultry house is the result of wind speed moving over birds. 
Though houses may be designed for an average air speed of 500 or 
600 ft/min, air speeds across the cross-section of house may vary 30% 
or more resulting in significant differences in bird cooling at different 
areas of the house (side wall vs center). Little work has been done in 
documenting factors affecting air velocity in tunnel-ventilated poultry 
houses. The objective this study was to determine what factors affect 
cross-sectional air velocity distribution in tunnel-ventilated broiler 
houses. Air velocity profiles that have been studied thus far in poultry 
housing have measured air velocity at one level. The current study used 
a grid of 15 anemometers (ceiling to floor–wall to wall) located 50 ft in 
front of the tunnel fans to measure the cross sectional air velocity. Pres-
sure sensors were installed at the pads, inlet, quarter house, and 3 quarter 
house to measure static pressure. Air velocity and static pressure were 
monitored with several fan capacities varying between 100% and 50% of 
all tunnel fans operating. These measurements were taken in a total of 6 
broiler houses from 4 companies. As house air velocity increased, static 
pressure increased. The cross-sectional air velocity did not vary more 
than 10% across the house width. This was due to the smoothness of 
the side-wall construction and few obstructions down the house length. 
In houses with smooth side walls, the average air speed in the house 
can be estimated by measuring air movement at the side feed lines. As 
more obstructions are introduced and side wall smoothness decreases, 
additional measurements across the house width will be required to 
estimate average house air velocity. Static pressure increased as air 
moved down the length of the house. While static pressure is usually 
measured at the house center, it is important to remember that the total 
pressure the fans are working against is slightly higher when measured 
at the rear of house near the tunnel fans. Producers should measure the 
pressure near the fans periodically to determine total pressure that the 
fans are working against.

Key Words: tunnel ventilation, air velocity, static pressure
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    90   Creep compliance of chicken nuggets at different frying tem-
peratures. T. Yalamanchili*1, P. Takhar2, and C. Z. Alvarado1, 1Texas 
A&M University, College Station, 2Texas Tech University, Lubbock.
The texture of chicken nuggets is a very important attribute to con-
sumers. However, there is little data indicating textural properties of 
chicken nuggets during frying utilizing creep compliance. Therefore, the 
objective of this is to measure the texture of chicken nuggets in terms 
of creep compliance. The chicken nuggets were commercially prepared 
using a predust, batter, and breader and par fried at 350F or 375F for 
26 to 30sec. Following freezing, the chicken nuggets were then fried at 
350F or 375F for 0, 1, 2 or 4min. Following frying, a cylindrical por-
tion from the nugget was separated followed by separation of the crust 
(breading) and the core (meat). The creep compliance (µm2/N) was 
measured using Dynamic Mechanical Analysis at a stress of 0.01Mpa 
and temperatures of 30C, 110C and 190C. The sample was held by 
the equipment at isothermal conditions for 1min, displaced for 2min 
and allowed to recover for 1min. The data were analyzed by ANOVA 
in a 2 (frying temperatures) x 2 (portions- crust or core) x 4 (testing 
temperatures) x 3 (trial) factorial design. No significant difference was 
observed between the nuggets fried at 350F and 375F at all the testing 
conditions (P ≥ 0.05). Though the creep compliance was not signifi-
cantly different for frying times 1, 2, and 4 min., the creep compliance 
values decreased with frying time for all treatments as well as both the 
crust and core. This indicates that the chicken nuggets were becoming 
harder as the frying time increased. This may be attributed to loss of 
moisture from the sample as it was being fried. Therefore, the texture of 
the chicken nugget does change with cooking time but not the cooking 
temperatures used in this study.

Key Words: chicken nuggets, frying, creep compliance, texture

    91   How to obtain government approval for field research. S. L. 
Christian* and P. A. Curtis, Auburn University, Auburn, AL.

Over the course of a researcher’s career, going out into the field to 
obtain significant data are a common necessity. Sometimes to go into 
the field certain qualifications and clearances must be met. In the case 
of the poultry industry this usually means approval from government 
agencies such as the United States Department of Agriculture or the 
Food and Drug Administration. The purpose of this presentation is to 
lay out some guidelines to help young researchers gain government 
approval primarily focusing on the USDA and FDA. Points of concern 
include knowing whom to contact, setting up meetings, presenting 
ideas with specific goals clearly stated, writing up a protocol, address-
ing time lines, providing past research that supports the current study, 
and preparing for research. Addressing these points makes it easier for 
the agency to understand the research to be conducted and reasoning 
behind its purpose. The key is to be respectful of the contact’s time, 
being somewhat aggressive but also courteous. By following these 
guidelines, researchers will be better equipped to handle questions and 
concerns from government agencies therefore speeding up the process 
of gaining approval to begin work in the field.

Key Words: government approval, field research, USDA, FDA

    92   Toxicity and tolerance level of tribasic manganese chloride 
for broiler chickens. R. Poureslami* and A. B. Batal, University of 
Georgia, Athens.

Manganese is a micro-ingredient which is required for chicken growth 
and survival. This mineral is involved in different metabolic pathways 

both as an essential part of metalloenzymes and as an enzyme activa-
tor. Several commercial sources of Mn including organic and inorganic 
sources have been developed as feed supplements. The objective of 
the present study was to investigate the toxicity and tolerance levels 
of a new Mn source for broiler chickens, tribasic manganese chloride 
[Mn2(OH)3CL]. At hatch, Cobb 500 male broiler chickens were 
obtained from a local hatchery and were fed a commercial starter diet 
for 4 d. At d 5, after any overnight fast the chicks were randomly divided 
into 8 dietary treatments in 7 replicate pens of 4 chicks each. Tribasic 
manganese chloride was supplemented into a commercial corn-SBM 
starter diet at 7 graded levels; 0, 1400, 2100, 2800, 3500, 4200 and 
4900ppm Mn and manganese-sulfate was added at one level (4200ppm 
Mn). At 20 d of age, birds and feeders were weighed, 2 birds per pen 
were killed by cervical dislocation and blood was collected into EDTA 
anticoagulants glass tubes for hematological analysis. Left foot from 
each bird was removed and assayed for foot ash. There were no signifi-
cant effects of supplemental Mn on feed intake and foot ash however, 
feed intake decreased numerically as the level of Mn supplementation 
increased. High dietary concentrations of supplemental Mn from Mn-
sulfate (4200ppm) resulted in reduced (P ≤ 0.05) body weight gain and 
feed:gain. Hematocrit (%) and whole blood hemoglobin concentration 
(g/dl) were not significantly affected by dietary Mn supplementation up 
to 4900 ppm. In summary, the toxicity estimate of Mn based on reduc-
tions in weight gain and feed:gain was 4900 ppm for tribasic manganese 
chloride and 4200 ppm for Mn-sulfate. Further studies will be carried 
out to verify the results and to gain more insight into the mechanisms 
through which excess levels of Mn supplementation induces toxicity 
in broilers.

Key Words: broiler, toxicity, manganese source, hemoglobin, hema-
tocrit

    93   Mineral content of excreta and eggs from laying hens 
fed bioplex or inorganic minerals. A. E. Sefton*1 and S. 
Leeson2, 1Alltech, Inc., Guelph, ON, Canada, 2University of Guelph, 
Guelph, ON,Canada.

Low levels of supplemental trace minerals in the Bioplex form have been 
shown to support performance in layer comparable to that of traditional 
levels of inorganic trace minerals. Mineral excretion is reduced and a 
reduction in pollution potential is seen. Further work demonstrated 
that low levels of supplemental trace minerals reduced egg mottling. 
The current study using 72, 36 week old Lohmann layers, fed either 
traditional inorganic minerals or low levels of Bioplex supplemental 
minerals (Mn 100 ppm vs. 12.6 ppm ; Zn 60 ppm vs. 14 ppm; Fe 25 ppm 
vs. 3.6 ppm; Cu 5 vs. 0.6 ppm for inorganic vs. Bioplex respectively). 
Diets were fed ad lib. for 46 d, and all eggs were collected for the last 
2 d, egg weight, shell deformation, mottling, and albumen height were 
measured. A composite of 6 eggs from d 46 were collected and shells, 
albumen and yolk were separated and analyzed. A 24 h excreta sample 
from each treatment was assayed. Egg production, egg weight, eggshell 
deformation, mottling score and albumen height were not affected by 
diet (P > 0.05). Mottling was shown to correlate with shell deformation. 
Mineral analysis of eggs were not different between treatment groups, 
although eggs from Bioplex fed hens had numerically less than half the 
level of zinc than from hens eggs fed inorganic supplemental minerals. 
Excreta from hens fed Bioplex supplemented diets compared with that 
from hens fed inorganic mineral diets had significantly less (P < 0.01) 
zinc and manganese. Excreta copper levels did not differ between diets 
(P > 0.05). This study confirms previous work that showed that low 
levels of Bioplex supplemental trace minerals when compared with 
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traditional levels of inorganic minerals did not influence bird perfor-
mance while lowering the level of zinc and manganese excretion. In 
future studies it would be of interest to further investigate the effect of 
Bioplex on shell zinc levels.

Key Words: trace minerals, shell quality, layers, Bioplex

    94   Effect of dietary copper source and level on broiler 
performance. E. A. Koutsos*1, J. L. McNaughton2, and J. I. 
Cohen1, 1Micronutrients, Atlanta, GA, 2AHPharma, Inc., Salisbury, 
MD.

The purpose of this trial was to determine the optimal level of each of 
3 copper sources on economically relevant production parameters in 
broiler chicks. A total of 13 treatments were used including: Basal diet 
w/ no additional copper, or Basal diet plus supplemental copper in the 
form of tribasic copper chloride (TBCC), copper proteinate (CuP) or 
copper amino acid complex (CuAA) at added levels of 25, 50, 75 or 
100 ppm. No anti-coccidial or other medication was provided. Diets 
were each randomly assigned to 10 replicate floor pens per treatment, 
containing 72 Ross 708 broilers per pen (0.70–0.80 ft2 per bird). Birds 
were reared on used litter, on a 23:1 light cycle. Body weight (BW), feed 
intake and mortality were measured during the trial, and breast muscle 
yields determined at d56. Linear regression and breakpoint analysis 
was used for each copper source to predict the optimal level of copper 
from that source for maximal performance. There was no difference in 
mortality due to copper source or level (P > 0.05 for each). BW responses 
were variable due to copper source and age of birds. Requirements for 
maximal BW to d56 were 100 ppm or greater of CuP and TBCC and 75 
ppm of CuAA. FCR were also variable due to copper source and age of 
birds. FCR was optimized at levels of 100 ppm or greater of CuP and 
TBCC and 75 ppm of CuAA. TBCC and CuAA had more efficient use of 
feed than those fed CuP through d56 (P < 0.05 for each). Breast muscle 
yields at d56 were optimized when chicks were fed 100 ppm or greater 
of TBCC or CuAA or 75 ppm of CuP, and at similar dietary Cu levels 
there were no differences due to source. These data demonstrate that 
TBCC has similar efficacy as CuAA or CuP at 75–100 ppm, and previous 
research has demonstrated the superior performance of these sources 
as compared with CuSO4. Therefore, economics of supplementation 
should be considered when choosing dietary sources of Cu. Finally, 
higher inclusion levels of these copper sources should be tested to find 
breakpoint for optimal performance since for many parameters optimal 
performance was predicted to occur at >100 ppm inclusion.

Key Words: copper, inorganic, organic, chelate, copper

    95   Hazara rock phosphate as a source of phosphorus for 
broiler chickens. M. Tahir*1, A. B Lughmani1, N. Ahmed1, and G. 
M. Pesti2, 1Agricultural University, Peshawar, Khyber Pakhtunkhwa, 
Pakistan, 2University Georgia, Athens.

The effects of replacing Dicalcium Phosphate (DCP) with Hazara rock 
phosphate (HRP) in relation to their fluorine (F) content was investigated 
on the growth performance of broiler chickens. Broiler chicks of the 
same weight were allocated into 5 treatments with 5 replicates of 10 
chicks each. The HRP (having 3% F) was incorporated into a standard 
ration of corn-soybean meal by replacing 0, 25%, 50%, 75% and 100% 
of DCP; Thus the F contents of the diets were 0, 166, 332, 498 and 664 
mg/kg, respectively. Placement of HRP (25%) in the diet increased 
average body weight gain (BWG) significantly while 100% HRP in 
the diet decreased (P < 0.05) BWG (BWG = 1128.6 + 2.6848 RP â€“ 
0.0368 RP2). Replacing 25% of DCP with the HRP did not influence 
feed consumption (FC), however, increasing the level of HRP caused 

a decline in FC (FC = 2044 + 0.7885 RP â€“ 0.0369 RP2). The effect 
of RP was not pronounced (significant at P < 0.05) until 75% HRP was 
fed. Live BW was increased by 25% and 50% HRP. Higher levels of 
HRP did not cause significant differences in live BW. Replacing DCP 
with the HRP up to 50% showed significant increases in the relative 
weight of carcasses up to 75% HRP. Increasing the level of HRP in the 
diet did not affect Ca accumulation in the tibia. However, increasing 
HRP in the diet gradually decreased phosphorus accumulation in the 
tibia. Tibia P was lowest (P < 0.05) with 75% and 100% HRP in the diet. 
Serum Ca was increased by substituting HRP for DCP (linear effect). 
Increasing HRP in the diets simultaneously decreased the P content of 
the plasma. Plasma P was lowest (P < 0.05) when DCP was replaced 
by 100% HRP, suggesting poor P availability from HRP. In conclusion, 
this study demonstrated that 25-50% replacement of DCP with HRP 
(having F contents of 166 to 332 mg/kg) could be used safely without 
affecting the growth performance of broiler chickens.

Key Words: rock phosphate, DCP, fluorine, phosphorus, broiler 
growth

    96   Aspects of egg quality and flavour in hens fed on diets 
containing Thevetia peruviana oil. J. A. Olupona*1, O. O. Adejinmi1, 
A. O. Owosibo1, and J. O. Atteh2, 1Federal college of Animal 
Health&Production Technology, Ibadan, Oyo, Nigeria, 2University of 
Ilorin, Ilorin, Kwara, Nigeria.

Thevetia peruviana oil is not popular presently because little research 
has been published regarding the potential health benefits and its uses 
in industrial applications. An experiment was conducted to investigate 
the effects of dietary levels of Thevetia peruviana oil on the egg quality 
and flavor. Thevetia peruviana oil was included at 1.5% (Diet B) and 
3% (Diet C), palm oil was included at 1.5% (Diet D) and 3% (Diet E) in 
a complete diet for Isa Brown hen (n = 80). The control Diet A had no 
Thevetia peruviana oil and the study was carried out for 10 weeks in a 
completely randomized design model. Single egg was taken from each 
cage for assessment of egg quality. The albumen viscosity was measured 
with a Technical Services and Supplies Haugh Unit device, while lipid 
oxidation assessment was done by the measurement of thiobarbituric 
acid reactive substances (TBARS) in yolk. The sensory assessment 
was done using triangle testing according to the British Standard 5929. 
The tests were done when the eggs were 10 and 24 d old. Ten trained 
assessors given 3 5 min boiled eggs arranged as a triad and told that 2 
of the samples were identical, while 1 was different were requested to 
identify the odd one. Minimum number of correct replies to establish a 
difference at a significant level of 0.05 was determined from a statistical 
table of values. The results showed that differences in egg laying and the 
physical properties of eggs (weight, portion of yolk and albumin) were 
not statistically significant (P < 0.05). Viscosity decreased significantly 
after 21 d of storage. The albumen height measurement gave a similar 
pattern of results. TBA values were relatively low, not significantly dif-
ferent (P < 0.05) and not likely to produce rancid odor. Trained assessors 
were unable to differentiate between eggs from Thevetia peruviana oil 
and palm oil after 10 d storage. Thevetia peruviana oil had slight, but 
positive effect on egg quality and storage characteristics.

Key Words: Thevetia peruviana oil, lipid cxidation, albumen viscosity, 
egg quality, egg flavor

    97   Cassava Leaf Meal Inclusion in Palm Kernel Meal Diet 
Could Improve Egg Yolk Color in Post-Molted Native Laying 
Hens. A. Adrizal*1, S. Fakhri1, R. Murni1, Y. Yatno1, T. Maranata1, 
S. Asby1, Y. Yusrizal1, and R. Angel2, 1Faculty of Animal Husbandry, 
University of Jambi, Jambi, Indonesia, 2Department of Animal and 
Avian Sciences, College Park.
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Our previous study demonstrated that native laying hens given 30% 
palm kernel meal (PKM) diet had comparable egg production and egg 
quality with those fed corn-soybean diet except yolk color which was 
significantly paler. The present study was aimed at improving yolk 
color score of 66-wk old post-molted native laying hens fed PKM diets 
with cassava leaf meal (CLM) supplementation. Diets were a factorial 
combination of 3 levels of PKM (0, 15, and 30%) and 2 levels of CLM 
(0 and 2.5%), and assigned at random to 90 cages with one hen per 
cage. Diets were formulated to be isocaloric (2,735 to 2,758 kcal/kg) 
and contained CP of 17.0 to 17.9%. Diets and water were provided ad 
libitum for 5 weeks. Although feed intake was influenced by diets, hens 
receiving PKM diets, regardless CLM inclusion, did not show differ-
ences in FCR, egg production, and all egg traits except yolk color. Hens 
given the 30% PKM diet had lower yolk color score than those received 
the 15% or 0% PKM diet (6.92 vs. 8.00 vs. 8.00, respectively; P ≤ 
0.0001). Supplementing the PKM diet with CLM clearly improved egg 
yolk color score from 7.1 (0% CLM) to 8.2 (2.5% CLM) (P ≤ 0.0001)), 
and this was supported by interaction effect of PKM and CLM (P ≤ 
0.05). In conclusion, supplementing CLM in PKM diet fed to native 
hens improved yolk color for consumers′ preference.

Key Words: palm kernel meal, native hen, cassava leaf meal, feed 
conversion, egg yolk

    98   Effect of nutritional and environmental challenge on 
broiler performance and gut microflora changes. E. T. Moran3, G. 
R. Siragusa1, E. E. M. Pierson*2, J. A. Benson1, J. C. Remus2, and 
M. Hruby2, 1Danisco, Waukesha, WI, 2Danisco Animal Nutrition, St. 
Louis, MO, 3Auburn University, Auburn, AL.

Environmental and nutritional challenges can significantly affect broiler 
performance and economics of poultry meat production. Possible nega-
tive changes in gut microflora associated with these challenges may 
accentuate further performance responses observed in broilers today. 
A combination of Avizyme 1502 containing (minimum per kg diet) 
α-amylase (300 u), xylanase (400 u) and protease (4000 u) and Phyzyme 
XP TPT (500 FTU phytase) were supplemented at 2 levels (x and half 
x) to corn-soy based formulations in male Ross 708 (Aviagen) broilers 
reared to 42 d at 2 densities (15 and 30 birds/4.18 sq. m.). Essential nutri-
ent requirements (1994. NRC) were assured with the positive control 
(PC) formulations from 0 to 3 and 3–6 weeks, respectively. Enzyme 
and bird density treatments were also compared when ME, available P 
and Ca were reduced (negative control -NC) by 170 and 140 kcal/kg, 
0.14 and 0.15% and 0.18 and 0.17% (0–3 and 3–6 wk), respectively, 
by reducing added fat and dicalcium phosphate. All chicks received 
Coccivac-D (Schering-Plough) in lieu of a coccidiostat before placement 
on used litter; no antimicrobials were employed. At 42 d of age, higher 
bird density resulted in significantly lower gain (up to 6.2%), lower feed 
consumption (up to 7.7%) and higher mortality (up to 3x). At this age 
when compared with PC fed broilers, NC fed birds had significantly 
lower body weight gain (up to 17%) and greater mortality (up to 3.5x). 
Supplementing NC diets with the combination of enzyme products 
increased body weight and provided relief from mortality to levels 
similar with the PC. A difference in live performance was not apparent 
when enzyme supplementation was decreased in half. Gastrointestinal 
tracts were sampled at d 1 and d 42 for microbial community assay. 
Mucosal-associated bacterial communities were analyzed by PCR-
DGGE and T-RFLP. Age and stocking density strongly influenced the 
gastrointestinal mucosal bacterial communities. Some treatment differ-
ences in these variables were also observed at each stocking density.

Key Words: broiler, nutrient density, bird density, gut microflora, 
enzymes

    99   Assessment of the digestible arginine:lysine ratio of 28 to 42 
day of age male broilers under an increasing temperature regimen. 
P. B. Tillman*1, L. Mejia2, A. Corzo2, and R. B. Shirley3, 1Poultry 
Technical Nutrition Services LLC, Buford, GA, 2Mississippi State 
University, Mississippi State, 3Ajinomoto Heartland LLC, Chicago, 
IL.

A trial was conducted to evaluate the dArg:dLys ratio of male Ross 
708 broilers between d28 and d42. Chicks were randomly distributed 
into 96 floor pens and fed crumbled starter (d1 - d14) and pelleted 
grower (d15 - d27) diets, which met all nutrient requirements. At d28, 
pens were equalized in bird number (12 birds/pen; 0.09 m2/bird), and 
a pelleted control and 7 pelleted experimental diets were fed to d42. 
Diets were based on Corn, Soybean Meal, Corn DDGS (6%) and PRO 
PLUS (2.5%). The control diet was formulated with minimum digest-
ible essential amino acid ratios (dTSAA: 77, dThr:68, dVal:78, dIle:68. 
dTrp:16.5 and dArg:105) set relative to a 1.00% dLys. Treatment 
diets were formulated with dEAA ratios set 0.5 points higher (except 
dArg:dLys) than the control diet, relative to a 0.95% dLys. A low and 
high treatment diet was formulated to produce dArg:dLys ratios of 100 
and 130, using added L-Arg, with other ingredients held constant. The 
low and high diets were blended to produce 5 intermediate treatments, 
set 5 ratio points apart. A standard declining temperature regimen was 
followed from d0 to d27 at which time a constant (average = 79°F, 26°C) 
to increasing temperature regimen was used until d42. The goal was to 
emulate heat experienced during the summer when raising high-lean 
genotype broilers in close-sided houses during the latter phases. Birds 
were processed at d42 and no significant treatment effects, linear or 
quadratic trends were noted for bodyweight gain, feed intake, or weight 
or yield of carcass, fat pad, or breast. Both dArg intake and dArg intake 
/ bodyweight showed a linear trend with increasing ratio. Although no 
linear or quadratic trends were noted for feed utilization, the 100, 125 
and 130 ratio were significantly different than the control. Under the 
conditions of this trial, the ratio of dArg:dLys appears to be no higher 
than 105 for broilers d28 to d42.

Key Words: arginine, summer, heat, broiler, amino acid

    100   An economic evaluation of feeding programs with different 
amino acid densities for Cobb × Cobb 500 male and female 
broilers. D. Taschetto1, S. L. Vieira*1, A. Favero1, J. E. P. Martinez1, 
M. Mayorga1, and J. A. Meira1, 1Universidade Federal do Rio Grande 
do Sul, Porto Alegre, RS, Brazil, 2Novus International, Sao Paulo, SP, 
Brazil.

One thousand and 2 hundred Cobb x Cobb 500 one-d-old chicks, 600 
from each sex, were used in a trial with the objective of evaluating 
the return over the feeding investment during a grow out period and 
throughout processing to commercial cuts. Corn-soybean meal diets 
were formulated with energy and nutrient levels suggested by a group of 
nutritionists representative of the Brazilian broiler industry. A 4 phases 
feeding program was used: 1 to 7, 8 to 21, 22 to 35 and 36 to 40 d of age. 
Diets were formulated using the ideal protein concept with minimum 
ratios between AA and Lys as follow: SAA: 75%; Thr: 65%; Val: 75% 
(1 to 21 d) and 78% (22 to 40 d); Ile: 65% (1 to 21 d) and 67% (22 to 
40 d); Arg: 105%; Trp: 19%. The suggested diet (Medium) was used as 
a reference (22.5, 21.4, 20.3, 19.5% CP and 1.25, 1.19, 1.09, 1.05% dig. 
Lys, respectively in the phases from 1 to 40 d) to formulate the High and 
Low protein diets, respectively with increases and decreases of 12% in 
dig. Lys. Energy and further nutrients were the same within the dietary 
treatments. A randomized block design was used in a 3 × 2 factorial 
arrangement (protein profiles x sex). Each treatment was represented 
by 8 replicate pens of 25 birds each. Males had an overall better live 
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    101   Genome sequencing and comparative analysis of avian 
coronavirus. M. W. Jackwood,* E. T. McKinley, J. E. Philips, and S. 
W. Thor, University of Georgia, Athens.

Genome sequencing and comparative genomics can be used to examine 
past host and tissue tropism shifts to aid in identification of new variant 
viruses, to identify genetic differences between different pathotypes, and 
to elucidate the evolution and emergence of avian coronavirus variants. 
The avian coronaviruses are enveloped gama-coronaviruses that contain 
a single stranded positive sense RNA genome and are capable of caus-
ing disease in chickens, turkeys, pheasants and a variety of other avian 
species. The most widely studied virus is infectious bronchitis virus 
(IBV), which causes a highly contagious upper-respiratory tract disease 
in chickens. Coronaviruses have an enormous capacity for genetic 
change. Full genome analysis of this virus has revealed recombination 
events that lead to the emergence of a new enteric disease in turkeys 
(turkey coronavirus). Sequencing has also identified areas with high 
mutations within the RNA-dependent RNA-polymerase gene complex, 
rather than within spike where most of the changes in the genome were 
thought to occur. Finally, genome sequencing and analysis has lead to 
the discovery of an enormous amount of recombination within the IBV 
genome. Recombination events in coronaviruses along with mutations 
are a method used to develop genetic diversity, which when under 
selection pressures leads to evolution of the virus.

    102   Simultaneous detection and identification of four major 
serotypes of infectious bronchitis virus using a microsphere-based 
assay. H. J. Roh*SC and M. W. Jackwood, University of Georgia, 
Athens.

Infectious bronchitis virus (IBV) causes huge economic losses in 
commercial chickens worldwide. Economic losses are due to poor 
growth rate, decreased egg production and mortality. Vaccination with 
attenuated live virus is used to control the disease but due to multiple 
serotypes and antigenic variants of the virus that do not give cross 
protection, it is extremely important to choose the right vaccine type to 
achieve protection. The conventional diagnostic method for detecting 
and typing IBV is virus isolation followed by the virus neutralization 
test in embryonated eggs. A common molecular diagnostic test used 
for detecting and typing the virus is reverse transcriptase-polymerase 
chain reaction (RT-PCR) followed by nucleotide sequencing. In an effort 
to improve on those diagnostic tests, a microsphere-based multiplex 
assay was developed for simultaneous detection and identification of 
the 4 most common IBV serotypes diagnosed in the USA; Arkansas 
(Ark), Connecticut (Conn), Delaware (DE) and Massachusetts (Mass). 
Biotinylated primers were used to amplify the hypervariable region of 
the spike glycoprotein of IBV. Using serotype-specific probes for each 
of the 4 serotypes hybridized to microspheres with different spectral 
addresses, we performed a hybridization reaction with the biotin labeled 
amplicons. A fluorescent tag bound to the biotin labeled amplicons 
and the spectral addresses of the microspheres were measured in the 
Bio-Plex suspension Array System (Bio-Rad, Hercules, CA). Specific-

ity, sensitivity and cross-reactivity were measured. In our preliminary 
data, specificity of 4 serotype-specific probes showed very low cross 
reactivity between the serotypes. A multiplexed microsphere assay using 
all 4 probes detected each serotype specifically. The limit of detection 
for Ark, Mass, Conn, and DE was 2.47ng, 1.34ng, 1.07ng and 2.14ng 
respectively. These results demonstrated the possibility that this newly 
developed microsphere-based assay can be used for rapid and simulta-
neous detection of different IBV serotypes, although validation of the 
assay with clinical samples needs to be conducted.

Key Words: IBV, microsphere-based assay, Ark, Conn, DE

    103   Correlation between hen age, antibody titer, and broiler 
progeny challenge data for infectious bursal disease viruses 
and reoviruses. J. J. Giambrone*1, T. V. Dormitorio1, and I. R. 
Alvarado2, 1Department of Poultry Science, Auburn University, Auburn, 
AL, 2Lohmann Animal Health International, Cuxhaven, Germany.

IBDV and reoviruses are important causes of suboptimum performance 
in broilers world-wide. Integrators use multiple live and killed vaccines 
in pullets to pass protective immunity to the progeny. The ELISA is 
used for monitoring serum of breeders for indicating pullet vaccine 
success, timing of progeny vaccination, and protection of the progeny. 
However, without correlating serology to progeny challenge, it is 
difficult to determine whether maternal antibodies reflect protective 
immunity. An IBDV and reovirus serologic and challenge study was 
undertaken using day-old chicks from 2 broiler integrators from the SE 
US. Breeders, from which the chicks were obtained, received at least 
one live and 2 inactivated IBDV and reovirus vaccines during their 
pullet phase. Day-old progeny were collected from 6 breeder flocks. 
Three flocks were selected from each company. The pullets were given 
2 different pharmaceutical company’s inactivated vaccines. Twenty one-
day old chicks from each broiler flock were bled and serum analyzed 
for antibodies at the University of Georgia. Neither University had 
knowledge of the Integrators or the inactivated vaccines, which were 
used. At 4 d of age, 20 progeny per flock were challenged with the 2408 
reovirus by IT. At 14 d of age 20 birds per flock were challenged with 
the Var E IBDV in the eye and nostril, and 20 were non-challenged. 
At 3 wks of age, all were killed, body and bursae weighed, and gross 
lesions determined. Percent (%) protection was calculated for each flock 
based on the absence of gross lesions (reovirus) and bursal/body weight 
ratios for IBDV. Flocks with at least 45% protection were considered 
well protected. The % protection correlated with day-old ELISA titers. 
Chicks from younger hens had higher titers and the best protection 
against challenge with the viruses.

Key Words: IBDV, reoviruses, vaccine, antibodies, challenge

    104   Advanced molecular diagnostic techniques for worldwide 
analysis of antigenic properties of infectious bursal disease viruses. 
V. Durairaj*SC, H. S. Sellers, and E. Mundt, Poultry Diagnostic and 
Research Center, Department of Population Health, College of 
Veterinary Medicine, University of Georgia, Athens.

performance than females (P < 0.05), whereas percentage yields of 
carcass and breast meat were higher for females (P < 0.05). There were 
no interaction between sex and diet (P > 0.05). The Medium diet was 
sufficient to maximize body weight at the end of the study, whereas the 
stepwise improvements in feed conversion (FC) followed to the High 

diet (P < 0.05). There were no differences in carcass yields for the diets 
(P > 0.05). Using ingredient costs and meat market prices from Brazil 
in January 2009, the best economic return were obtained with the Low 
diet, followed by the Medium and then the High diet.

Key Words: broiler, cobb, amino acid, protein
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Infectious bursal disease is a highly contagious and immunosuppressive 
disease in young chickens. It is caused by infectious bursal disease virus 
(IBDV) a member of the family Birnaviridae. IBDV is a double-stranded 
non enveloped RNA virus targeting proliferating B-lymphocytes in 
chickens. As consequence IBDV causes humoral immunosuppression in 
chickens. Thus, IBDV increases the risk of diseases caused by faculta-
tive pathogens and failures of vaccinations. This virus is ubiquitously 
present in poultry flocks worldwide. Intense vaccination programs and 
presence of field viruses leads to emergence of antigenically different 
IBDV due to antigenic drift. Thus, determining the antigenicity of 
IBDV plays a critical role for selecting efficient vaccine strains. Based 
on our previous studies we established a database including field strains 
from US poultry companies. This database was based on the nucleotide 
sequence, amino acid sequence and reactivity with a panel of monoclonal 
antibodies. The techniques for antigenic characterization of IBDV have 
not been developed in many countries. The objective of our study was to 
determine the antigenicity of IBDV field strains at a global level. To this 
end, we combined the use of FTA cards for sending genetic material and 
reverse genetics to determine the antigenicity of IBDV. FTA cards can be 
effectively used to transport the nucleic acids of the virus in stable form 
without the import of infectious virus. By using a modified protocol, 
RNA was isolated and amplified with specific primers encompassing 
the appropriate VP2 fragment. The amplified cDNA was cloned into the 
IBDV reverse genetics system and analyzed for the nucleotide sequence 
and amino acid sequence. This was followed by reactivity with a panel 
of monoclonal antibodies to determine the antigenicity. By using this 
combined approach, IBDV can be antigenetically characterized for the 
first time from bursal samples across the globe.

Key Words: infectious bursal disease, antigenicity, FTA cards, reverse 
genetics, molecular techniques

    105   The effect of vectored HVT+IBD (Vaxxitek Â HVT + IBD) 
vaccination on body weights, uniformity and virus shedding in 
commercial broilers. A. T. Garritty,* Merial Select, Inc., Gainesville, 
GA.

The introduction of vectored HVT+IBD vaccines has offered an alter-
native to traditional programs. The current study compared the effect 
of a vectored HVT+IBD vaccination to mAb on body weight, flock 
uniformity, and virus shedding in a commercial broiler flock. A flock of 
day-old broiler chicks were divided into 2 equal groups and placed in a 
commercial broiler house. The control group was administered Marek’s 
disease vaccines in ovo at 19 d of incubation. The control group was 
not vaccinated for IBD. The treated group was administered vectored 
HVT+IBD in ovo at 19 d incubation. The flock was weighed at 5 time 
points. At least 200 birds were individually weighed in each test group 
at each time point. Mean weights and CVs were calculated for each test 
group. Flock uniformity was calculated as the number of birds within 
a range of ±15% of the mean weight. At each time point cloacal swabs 
were collected from 90 birds per group and tested for the presence of 
IBD virus using rt-PCR. Serum samples were collected from 25 birds 
per group and tested for IBD antibodies using ELISA. Bursal tissue 
samples were collected from 6 birds per group. Fresh bursal tissue was 
tested for IBD virus using AC-ELISA. Formalin-fixed bursal tissues 
were examined for histopathological lesions of IBD. At 38 d of age, 
120 birds per test group were selected for processing. Mean weights and 
CVs for each test group were determined for live weight, RTC weight, 
and cut up parts weights (wings, breasts, tenders, legs and racks). Yields 
were calculated as a percentage of live weight and RTC weight. The 
treated group had a higher mean weight, lower CV and better unifor-
mity than the control group. The treated group had lower mean bursal 

scores and better follicular restitution. The treated group had higher 
geometric mean titers on ELISA at each time point. More birds in the 
control group were shedding virus at 28 and 35 d. The treated group 
had higher live, RTC, and cut-up parts weights and higher yields for 
RTC, wings, breasts and tenders.

Key Words: Vaxxitek, IBD, uniformity, shedding

    106   Aerosol vaccination of chickens with baculovirus expressed 
virus-like particles induced immune response in chickens. J. T. 
Earnest*1SC, R. O. Donis2, M. Papania3, M. J. Hossain2, J.-M. Song4, 
S.-M. Kang4, R. W. Compans4, G. Smith5, H. S. Sellers1, and E. 
Mundt1, 1Department of Population Health, College of Veterinary 
Medicine, University of Georgia, Athens, 2Molecular Virology and 
Vaccines Branch, Influenza Division, NCIRD, CCID, Centers for 
Disease Control and Prevention, Atlanta, GA, 3Measles, Rubella, 
Mumps and Herpesvirus Laboratory Branch, Division of Viral 
Diseases, NCIRD, CCID, Centers for Disease Control and Prevention, 
Atlanta, GA, 4Department of Microbiology and Immunology, Emory 
School of Medicine, Emory University, Atlanta, GA, 5Novavax, Inc., 
Rockville, MD.

Influenza A virus (IAV) vaccination of animals and humans is a power-
ful tool for prevention and control of infection. Ongoing outbreaks of 
avian influenza and the recent influenza pandemic highlight the need 
for improved influenza vaccination approaches. Currently licensed vac-
cines are egg-based and delivered by injection which is labor intensive. 
As an alternative vaccine manufacturing method, baculovirus grown in 
insect cells cultures can be adapted to produce high yields of virus-like 
particles (VLP) which contain viral proteins but lack genetic material, 
and thus cannot replicate within in the host. VLP vaccines have been 
shown to be highly immunogenic after parenteral application in mice, 
ferrets, and humans. Aerosol mass vaccination of poultry with attenuated 
vaccines is common practice for several diseases, but use of attenuated 
influenza vaccines in poultry is not practical due to their potential to 
become more virulent. The aim of this study was to assess influenza 
VLPs as aerosolized vaccine (AE) in chicken as vaccination method. 
VLP used in this study were composed either of IAV matrix protein 1 
(M1), neuraminidase (NA), and hemagglutinin (HA) from H5N1 AIV or 
HA and M alone (HNM-VLP or HM-VLP, respectively). Plethysymog-
raphy was used to determine respiratory parameters for the chickens and 
to calibrate a controlled VLP aerosol application dose. One-day-old SPF 
chickens were vaccinated twice 14 d apart. As control, chickens were 
also vaccinated via intranasal (IN) instillation and intramuscular (IM) 
injection. Serum samples from 14 d after first vaccination and 14 and 21 
d after second vaccination were tested for the presence of neutralizing 
and HI antibodies, or by indirect ELISA using baculovirus expressed 
H5-Vietnam as antigen. Both VLPs induced seroconversion after IM 
application.Chickens given HNM-VLP seroconverted after IN but not 
aerosol vaccination. In contrast, HM-VLP induced a specific antibody 
response after AE but not after IN application. These data show for the 
first time that non-replicating influenza VLPs might be used for mass 
aerosol vaccination in chickens.

Key Words: influenza virus, virus like particle, aerosol, mass vac-
cination

    107   Characterization of monoclonal antibodies directed 
against avian influenza virus neuraminidase 1 as a new potential 
treatment for disease. J. L. Jenkins*1SC, F. Michel2, R. J. Hogan2, M. 
Garcia1, and E. Mundt1, 1Department of Population Health, College of 
Veterinary Medicine, University of Georgia, Athens, 2Department of 
Anatomy and Radiology, College of Veterinary Medicine, University 
of Georgia, Athens.
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Influenza virus continues to cause human and animal morbidity and 
mortality. The most widely used influenza vaccines are based on either 
injection of a vaccine comprised of viral glycoproteins from 2 different 
influenza A virus (IAV) and one influenza B virus subtype or by infection 
with a live-attenuated IAV via spray application. In addition to vaccina-
tion, studies have also been conducted using mouse and human-derived 
monoclonal antibodies (mAb) directed against the influenza virus 
encoded hemagglutinin (HA) with the aim to use them for prophylaxis 
and treatment. IAV is a good example for research on the interface 
between humans and animals also known as “One medicine”. With this 
in mind, our research was aimed at developing monoclonal antibodies 
directed against the neuraminidase 1 (NA1) protein of avian IAV for 
ELISA systems. Of the n = 16 different NA1-specific hybridomas that 
were generated and characterized, one of these hybridomas (NA1–33) 
produced an antibody that was able to neutralize several IAV that pos-
sess an NA1 protein, but differ in their HA subtype, including a highly 
pathogenic avian IAV (HPAI). In addition, the IAVs that were suscep-
tible to neutralization with N1–33 were from multiple animal species 
including humans. Based on these data, N1–33 was next tested for its 
ability to protect mice intranasally infected with H5-HPAI. Mice where 
pretreated once with purified N1–33 (10 mg/kg) and infected with 10 
LD50 of the human HPAI isolate A/Vietnam/1204 (H5N1). Controls 
were either treated with PBS or with a non-neutralizing mAb. All mice 
in the PBS-treated group died, while 20% (1/7) survived in the group 
treated with the non-neutralizing control mAb. In contrast, 4/7 mice 
survived in the group treated with the mAb N1–33. Taken together, these 
results suggest that a single administration of a mAb directed against 
the NA glycoprotein of IAV can provide protection from death even 
after challenge with one of the most lethal IAV strains isolated to date. 
These findings may also open up a new avenue for the development of 
treatments against IAV infections in humans.

Key Words: influenza virus, treatment, MAb, neutralization

    108   Investigations about the etiology of runting stunting 
syndrome affected chickens by in situ hybridization. K. I. Kang*SC, 
H. S. Sellers, E. Linneman, T. Kim, and E. Mundt, Poultry Diagnostic 
and Research Center, University of Georgia, Athens.

Runting and stunting syndrome (RSS) is an enteric disease that causes 
severe weight suppression during the first few weeks of age, lack of 
flock uniformity, diarrhea, and an increased feed conversion. Cystic 
enteropathy is a hallmark lesion observed by histopathological exami-
nation of the small intestine. Although descriptions of RSS date back 
to the 1970s, the etiologic agent(s) has yet to be identified. The disease 
is reliably reproduced using filtered intestinal homogenates from RSS 
affected broilers implying a viral etiology. Based on metagenomics stud-
ies 4 viruses were identified which might play a role in the etiology of 
RSS. The genetic information of 3 chicken astroviruses (CkAstv) and a 
chicken parvovirus (CkParv) was cloned into bacterial plasmids under 
the control of phage promoters to generate negative sense riboprobes 
for in situ hybridization (ISH). One-day-old commercial broiler chick-
ens were inoculated with filtered RSS gut content. One group served 
as control. Five chickens were obtained at each day from d 1 to 5 p.i.. 
Formalin fixed paraffin embedded tissues of duodenum, harderian gland, 
bursa of fabricius, thymus, and spleen were analyzed for the presence 
of viral nucleic acids by ISH using serial sections of the same tissues. 
Nucleic acids of 3 CkAstv were identified only in the duodenum of the 
infected birds. All tissues of the control birds and remaining tissues 
of the infected birds were tested negative. Interestingly, all tissues 
were negative for the CkParv riboprobe. Control experiments verified 
the functionality of the CkParv riboprobe. Signals of a new CkAstv 
were detected at d 1 (4/5) and d 2 (1/5). Similarly, signals using the 

riboprobes of CkAstv 1 and 2 were observed from d 1 through d 5 p.i.. 
The reactions of the 3 riboprobes were in the same region, the villous 
epithelium but excluding the crypts of Lieberkühn. The results strongly 
suggest that a new CkAstv, CkAstv 1, and CkAstv 2 are involved in 
the etiology of RSS.

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

109   Characterization of a novel chicken astrovirus isolated from 
intestinal homogenates of RSS-affected chickens. T. Kim,* K-I 
Kang, E. Linneman, H. S. Sellers, and E. Mundt, Poultry Diagnostic 
and Research Center, Department of Population Health, College of 
Veterinary Medicine, University of Georgia, Athens.

Runting Stunting Syndrome (RSS) has been an important emerging 
disease in the broiler industry since its first report in 1970s. Isola-
tion of responsible pathogen candidates is fundamental to understand 
the pathogenesis of the disease and for the development of vaccines. 
Although some viruses have been suggested as pathogens, no viruses 
have been identified as responsible pathogens. Recently, a chicken 
astrovirus (CkAstv) was proposed as possible RSS pathogens (Sellers, 
et al. Vaccine 28:1253–1263, 2010). In addition, 4 small-round viruses 
were found by metagenomic analyses to play a role in the etiology in 
RSS. These viruses were 3 CkAstv and a chicken parvovirus (CkParv). 
To isolate a virus which might play a role in RSS chloroform-treated, 
filtered intestinal homogenate of RSS-affected chicken was passaged 
on different cell lines (Vero, MDCK, 293T, BHK, RK-13, DF-1, QM-7, 
LMH cells). Since other viruses will be also present in the inoculum 
commercial available specific sera (anti-avian reovirus, anti-avian rota-
virus) were used to neutralize these viruses. With immunofluorescence 
assays (IFA) using polyclonal antisera specific for each CkAstv and the 
CkParv we were able to isolate one new CkAstv in LMH cells. Exclu-
sion of possible combinations with other viruses that related to RSS 
was conducted by PCR and RT-PCR amplifications after a performed 
end-point dilution in LMH cells. The capsid proteins were observed in 
cytoplasm of virus-infected cells. In addition, the isolate is antigenically 
different from the known CkAstv 1 and CkAstv 2 as indicated by IFA 
and Western blot using specific sera. The full genome sequence of the 
virus was determined and showed an unusual genomic organization 
for Astroviridae. ORF1a and ORF1b are encoded by 2 separate ORFs 
without an indication of a frame shift site. The most similar virus was 
the duck astrovirus for the ORF1a encoded protein (56% identity), the 
turkey astrovirus 2 for the ORF1b encoded protein (72%), and the duck 
astrovirus for the capsid protein (36%). The obtained results clearly 
indicate a novel CkAstv from RSS affected chicken.

Key Words: runting stunting syndrome, astrovirus, isolation, charac-
terization

    110   The effective use of a water-soluble antioxidant formulation 
in protecting against a controlled broiler Necrotic Enteritis 
challenge model. S. W. Davis*1 and R. H. Olsen2, 1Colorado Quality 
Research, Inc, Wellington, CO, 2JRW Technologies, LLC, Willmar, 
MN.

The efficacy of an immune modulation formulation of water-soluble 
antioxidants was investigated in its ability to protect commercial broil-
ers against necrotic enteritis lesions, mortality, and performance loss 
when challenged with a controlled Clostridium perfringens challenge 
model. Performance data (weight gain and feed conversion), necrotic 
enteritis lesion scores, necrotic enteritis mortality and associated sta-
tistical significance will be presented. Discussions concerning how this 
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program can be used commercially in necrotic enteritis problem farms 
or complexes will also be presented.

Key Words: necrotic enteritis, antioxidants

    111   Dose efficacy examination of SYMPATIC in feed for the 
control of necrotic enteritis caused by Clostridium perfringens in 
broiler chickens. D. Jimenez,* J. Schmidt, and M. Miille, AgraQuest 
Inc., Davis, CA.

This study was designed to obtain data on the effects of feeding diets 
containing various levels of SYMPATIC (Bacillus subtilis QST 713) 
on broiler chickens challenged with a C. perfringens isolate known 
to cause necrotic enteritis (NE). At one-day-after hatch (DOH) 8,000 
Cobb × Cobb chicks were sexed, vaccinated and caged. Petersime cages 
containing 8 birds each were blocked and randomized in a concrete 
floored, temperature and illumination controlled, metal structure. Feed 
and water were available ad libitum. On d 14 all birds were orally 
inoculated with approximately 5,000 oocysts of E. maxima per bird. At 
19, 20 and 21 DOH all birds, except the unchallenged controls, were 
given a 108 cfu/ml culture of C. perfringens. All birds and feed were 
weighed at 0, 14, 22, and 28 DOH. At 22 DOH, 3 birds from each cage 
were sacrificed, weighed, and examined for NE lesions. Mean weight 
gain, feed consumption, feed conversion, lesion scores, and mortality 
were calculated. Treatment means were analyzed by ANOVA and Tukey 
(HSD) or LSD methods. Three rates of SYMPATIC (1x105, 5x105 
& 1x106 cfu/g) were administered and compared with a commercial 
antibiotic growth promoter (AGP). Feed conversion, weight gain, and 
NE lesion score all showed a positive dose response to the range of 
SYMPATIC treatments. At the high and mid rate NE mortality was 
not significantly different from the unchallenged or the AGP treated 
control. On d 28, feed conversion and weight gain associated with the 2 
high rates were not significantly different from the AGP. The Preserva-
tion of Antibiotics for Medical Treatment Act was introduced in 2009. 
There is significant pressure from US regulatory agencies to identify 
opportunities to reduce antibiotic usage and maintain the effectiveness 
of specific drugs through the development of alternative treatment 
options for animals. SYMPATIC is an efficacious, cost effective option 
to antibiotic growth promoters.

Key Words: Bacillus, probiotic, antibiotic growth promoters, Clostrid-
ium, direct fed microbial

    112   Bacillus licheniformis (GalliPro Tect) significantly 
improves production parameters when added to a diet containing 
antibiotic growth promoters. G. F. Mathis*1, I. Knap2, and A. B. 
Kehlet2, 1Southern Poultry Research, Inc., Athens, GA, USA, 2Chr 
Hansen, Hoersholm, DK.

A broiler feeding trial was conducted to investigate the effects of dietary 
supplementation of a Bacillus licheniformis product when added to a diet 
containing an antibiotic growth promoter (bacitracin methylene disali-
cylate, BMD). A total of 1080 one day old male Cobb x Cobb broilers 
were randomly distributed to one of 3 diets for 42 d with 8 replicates 
and 45 birds per experimental unit. All feeds were formulated using US 
commercial corn-soybean meal based diets. The 3 dietary treatments 
were T1) Control; T2) BMD added at a level of 55 ppm; and T3) B. 
licheniformis (DSM5749) 8E5 cfu/g feed + BMD at 55 ppm. Birds and 
residual feed were weighed at 0 and 42 d to determine FCR and weight 
gain. The FCR at d 42 were significantly (P < 0.05) improved in the T3 
group fed B. licheniformis plus BMD by 7 FCR points (1.718) compared 
with T2 fed only BMD (1.787). There was no significant difference 
between the BMD only (T2) and the control group (T1) (1.802). These 

findings could indicate a degree of resistance to BMD, which has been 
hypothesized in previous publications. At d 42, weight gain of birds fed 
B. licheniformis plus BMD (T3) was significantly improved (P < 0.05) 
by 4% (2.137 kg), compared with the birds fed the diet containing only 
BMD (T2) (2.056 kg). Again there was no difference between the BMD 
only group (T2) and the T1 control group (2.056, 2.039 kg, respectively). 
In conclusion, these results showed that B. licheniformis significantly 
improved production parameters when added to a commercial grade 
diet containing an antibiotic growth promoter.

Key Words: Bacillus licheniformis, bacitracin methylene disalicylate, 
probiotic, antibiotic growth promoter, antibiotic resistance

    113   Development and evaluation of a candidate Bacillus-
vectored coccidiosis vaccine expressing a TRAP oligopeptide in 
broiler chickens. S. Shivaramaiah*1, D. Hancock1, S. L. Layton1, J. R. 
Barta2, L. R. Berghman3, B. M. Hargis1, and G. Tellez1, 1University of 
Arkansas, Fayetteville, 2University of Guelph, Ontario, Canada, 3Texas 
A&M University, College Station.

Coccidiosis is caused by apicomplexan parasites of the genus Eimeria. 
EmTFP250 is a highly conserved asexual stage antigen from Eimeria 
maxima (E. maxima). Cloning and sequence analysis predict the antigen 
to be a novel member of the Thrombospondin-related adhesive protein 
(TRAP) family of micronemes, associated with host cell invasion and 
parasite gliding motility. A novel Bacillus vector expressing a TRAP 
oligopeptide in association with a putative immunostimulatory HMGB1 
molecule was developed. Day-old chicks were neck-tagged and 106 cfu/
chick of either live or killed vector with TRAP + HMGB1, or vehicle 
alone, was orally administered to each group. At 21d of age, all groups 
were weighed and challenged with 104 sporulated oocysts of E. maxima 
orally. At 28d of age, body weight (BW) was recorded to measure total 
weight gain (BWG) during the challenge period. Additionally, mortal-
ity and lesion scores were evaluated to determine vaccine candidate 
efficacy. Data were subjected to ANOVA (SAS, 2009) and partitioned 
means were deemed significant at P < 0.05. BWG was significantly 
higher (P < 0.05) in chicks vaccinated with the killed vector when 
compared with either non-vaccinated chicks or the live vector group. 
Lesion scores in the killed vector group was significantly lower than 
the live vector group (P > 0.05) and tended to be numerically lower 
than non-vaccinated controls. Mortality was also numerically lower in 
the killed vector group as compared with the other treatment groups. 
Further studies will evaluate the ability of this vector to provide protec-
tion against alternate species of Eimeria in addition to characterization 
of host immune response.

Key Words: Eimeria, coccidiosis, Bacillus, vaccination, TRAP

    114   Molecular characterization of Histomonas meleagridis in 
the United States using the 5.8S, ITS-1, and ITS-2 rRNA regions 
to identify genetic variation. L. A. Lollis,* R. W. Gerhold, L. R. 
McDougald, and R. B. Beckstead, University of Georgia, Athens.

Extracted DNA from 25 Histomonas meleagridis-infected avian tissue 
samples were molecularly characterized to determine whether significant 
variation exists among H. meleagridis from multiple hosts or geographic 
location. The 5.8S rRNA gene and flanking internal transcribed spacer 
regions (ITS 1 and ITS 2) were amplified by polymerase chain reaction, 
sequenced, and phylogenetic relationships were analyzed. The analyses 
revealed significant genetic variation within H. meleagridis sequences 
and suggested that at least 4 clades exist. The first clade shared an 
80.2% identity, whereas the second clade consisted of a single sequence. 
Clades 3 and 4 were separated from the H. meleagridis sequences sug-
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to pass 1.5 mm [PKMmix], 1 mm [PKMfine], and > than 1mm sieve 
[coarse], respectively). Diets were randomly assigned to 60 cages with 
one 66-wk-old native hen per cage, each treatment consisted of 15 
replicate hens. Diets were formulated to be isocaloric (2,700 kcal/kg) 
and contained 17.5 to 18.4% CP. Contrast orthogonal test showed that 
5-wk feed intake of hens receiving PKM diets was greater than those 
receiving the control diet (3,322 vs. 3,212 g/hen; P ≤ 0.05). Among the 
PKM groups, hens given the PKMmix diet consumed significantly less 
feed than those given the PKMfine or PKMcoarse (3,105 vs. 3,266 vs. 
3,264g/hen), but no difference between the PKMmix and PKMcoarse. 
However, feeding hens PKM diets did not affect feed conversion ratio 
compared with feeding hens a control diet, and resulted in comparable 
response with control fed hens in egg production and quality traits 
including yolk color score (8.2 vs. 7.5 vs. 7.7 vs. 7.0 for the control, 
PKMmix, PKMfine, and PKMcoarse, respectively; P = 0.06).

Key Words: screened palm kernel meal, native hen, feed intake, feed 
conversion, egg quality

    117   Phytase efficacy in broiler chickens when feed was 
treated with a formaldehyde based product. G. A. Gomes*1, T. 
T. Santos1, C. Wyatt1, and L. F. Araújo2, 1AB Vista Feed Ingredients, 
Marlborough, Wiltshire, United Kingdom, 2Universidade de São 
Paulo, Pirassununga, SP, Brasil.

An experiment was carried out to evaluate the effects of a broiler feed 
treated with a formaldehyde based product (FBP) upon in vivo efficacy 
of different phytases. 450 one day old male Cobb 500 chicks were allot-
ted to 50 environmentally controlled brooder batteries with continuous 
lighting, and then randomly assigned in a 5x2 factorial arrangement. All 
diets were corn-soybean meal based and formulated to met or exceed 
the requirements of broilers from 0 to 20d old (ROSTAGNO et al., 
2005) except for Ca and avP. The treatments consisted of a Positive 
Control diet (PC - 0.45% avP; 0.90% Ca), Negative Control diet (NC 
- 0.22% avP; 0.75% Ca), NC + Enhanced E. coli phytase (EEC), NC 
+ Wild E. coli phytase (WEC) and NC + Aspergillus-derived phytase 
(ADP), with or without FBP inclusion (3kg/ton). Representative feed 
samples were collected from all the treatments, and then subjected to 
analysis of phytase activity by the AOAC methodology. At 20d of age 
BWG, FI, FCR and tibia ash were measured. Birds fed with NC diets 
showed a significant reduction (P < 0.05) on all performance and bone 
ash measurements. The birds fed with FBP-treated feeds gave a slightly 
decreased BWG (P > 0.05) and increased FI (P > 0.05), and thus had a 
poorer FCR (P = 0.016; 1.411 vs. 1.373 for birds fed with diets with or 
without FBP, respectively). In vitro analysis of phytases showed that the 
treatment of feeds with FBP caused a dramatic reduction on analyzed 
phytases activities (reduction of 85%, 73% and 24% for EEC, WEC 
and ADP, respectively). Birds that received diets containing microbial 
phytases showed improved performance and bone mineralization when 
compared with NC fed birds (P < 0.05) regardless of FBP treatment. 
When compared with birds fed PC diets, birds fed with NC + microbial 

gesting new genotype and potentially new species. Several sequences, 
including the 2 H. Meleagridis sequences from GenBank (DQ167587; 
GQ872347), could not be resolved into either clade, but shared a 76.1% 
conserved identity. Two sequences isolated from the same host were 
present in the unresolved and in clade 1 demonstrating that a host can be 
infected with multiple genotypes. One sample diagnosed as H. melea-
gridis had a 93% identity to Simplicimonas similis, a newly described 

organism. This suggests the possibility of a new S. similis-like pathogen 
in poultry. There was no correlation between genotypes and host species 
or geographic location, suggesting that H. meleagridis moves freely 
between multiple avian species in the sampled regions.

Key Words: Histomonas, blackhead, molecular, phylogenetic, Sim-
plicimonas

Nutrition IV

    115   Evaluation of performance and carcass characteristics 
of four commercial toxin-binders in groundnut cake based broiler 
finisher’s diets. O. A. Ogunwole1, A. Y. Onamade1, M. D. Olumide*1, 
A. O. Akinsoyinu1, and A. A. Mako2, 1University of Ibadan, Ibadan, 
Oyo state, Nigeria, 2Tai Solarin College of Education, Ijebu Ode, 
Ogun State, Nigeria.

The relative efficacy of 4 proprietary toxin-binders and charcoal in 
Groundnut cake based diets were investigated for broiler production 
in a trial lasting 6 weeks. Five different diets were formulated. Diet A 
(control) had no toxin binder while diets B, C, D, E and F had Charcoal, 
Toxiroak, Toxynil, MycofixR Eco and A-Tox respectively which were 
incorporated at at 0.3% in their respective diets. Two hundred and 70 
d old Marshal Broiler chicks were brooded on basal (control) experi-
mental diets for 3 weeks. At day-22, they were allotted randomly to 
the experimental diets such that the mean group weights were similar. 
Each treatment was in triplicate comprising of 15 birds per replicate. 
The design of the experiment was a completely randomized design. The 
birds were fed their assigned experimental diets and water ad libitum for 
3 weeks. Records of weight changes, feed consumption and mortality 
were taken. Three birds were sacrificed from each replicate and were 
used for assessing the organ weights and carcass characteristics. Data 
were analyzed using ANOVA and significant means separated (P < 0.05). 
Variations in values obtained for the average weight gain of the birds, 
feed and water consumption were significantly (P < 0.05) influenced 
by the dietary treatments. The feed conversion ratio values were 3.30, 
2.96, 3.14, 3.08, 2.62 and 3.15 for birds on diets A, B, C, D, E and F 
respectively which was highest for the basal (control) diet and lowest 
for MycofixR Eco. The primal cuts (i.e Drumsticks, Thighs, Breasts) 
and abdominal fats as percentages of the liveweights were significantly 
(P < 0.05) harnessed by the inclusion of the toxin-binders compared 
with control. Heart weight was significantly (P < 0.05) lower for birds 
on diet D (Toxynil). In this study, the commercial feeds toxin-binders 
used had variable potency and strength as depicted by the differential 
performance indices.

Key Words: broiler finishers, toxin-binders, carcass characteristics, 
organ weights, groundnut cake based diets

    116   Effect of screened palm kernel meal in the native hen′s diet 
on egg production and quality. A. Adrizal*1, R. Angel2, S. Fakhri1, 
R. Murni1, Y. Yatno1, and Y. Yusrizal1, 1Faculty of Animal Husbandry, 
University of Jambi, Jambi, Indonesia, 2Department of Animal and 
Avian Sciences, University of Maryland, College Park.

Grittiness caused by nutshell contamination in palm kernel meal (PKM) 
was reported to limit PKM utilization in chicken’s diet. This study 
evaluated if screening of PKM could minimize this effect on hen’s 
performance, egg production, and egg quality (albumen height, haugh 
unit, and yolk color score). Experimental diets were a corn-soybean meal 
based-diet and 3 other diets containing 15% PKM (each was screened 

Poult. Sci. 90 (Suppl. 1)



ABSTRACTS OF PAPERS 35

phytases showed similar responses on performance parameters (P > 
0.05) but lower tibia ash content (P < 0.05). In vivo efficacy of different 
phytases was not affected by FBP product inclusion even though the in 
vitro analysis found low activity levels.

Key Words: phytase, formaldehyde, broiler

    118   Influence of calcium source and phytase on performance 
and tibia ash of broilers fed corn soy diets varying in calcium 
content. M. R. Bedford*1, C. L. Wyatt1, D. O’Gorman2, and C. L. 
Wyatt1, 1AB Vista Feed Ingredients, Marlborough, Wilsthire, United 
Kingdom, 2Celtic Sea Minerals, Carrigaline, Cork, Ireland.

A total of 864 male Cobb x Cobb broilers were fed a corn soy based 
diet from 0 to 18d of age varying in Ca and AvP content, Ca source and 
phytase activity. Three sources of calcium (Calcium glycerate, Lime-
stone or a calcified seaweed source (CSM)) were used to supply 0.6, 
0.8 or 1.0 percent total calcium in a fixed 2:1 ratio with AvP. Each of 
these diets was supplemented with either 0 or 500 FTU of a modified 
E. coli phytase (Quantum XT) and each diet was replicated 6 times 
with 8 birds per replicate. All diets (pelleted at 75C) and water and 
offered ad libitum. Gain, intake, FCR and tibia ash were determined 
at 18d of age. Intake and gain were subject to a phytase by Ca source 
interaction, which was as a result of the presence of phytase giving far 
greater benefits in the presence of the CSM compared with the other 
phytase sources. Tibia ash as a percent and total weight was subject to 
a 3 way interaction which was interpreted as the phytase giving optimal 
performance in the 0.8% Ca diet only when the Ca source was CSM. 
1.0% Ca from limestone plus phytase was required to equilibrate perfor-
mance with the 0.8% CSM phytase diet, whereas bone parameters were 
always suboptimal in birds fed the Ca glycerate source regardless of 
calcium level or phytase supplementation. The data suggest that simply 
formulating to a total calcium level in broiler diets is not adequate for 
predicting performance if calcium is to be derived from different sources. 
A digestible calcium metric is suggested. It is also concluded that the 
requirements for calcium may be significantly lower than NRC recom-
mendations provided a highly available source is used in conjunction 
with an appropriate phytase.

Key Words: calcium, phytase

    119   Influence of diet, phytase, incubation time, and particle size 
on gastric Ca and P solubility. C. L. Walk*2, A. P. McElroy1, and M. 
R. Bedford2, 1Virginia Tech, Blacksburg, 2AB Vista Feed Ingredients, 
Marlborough, Wiltshire, United Kingdom.

An in vivo and a series of in vitro trials were conducted to determine the 
influence of diet, phytase, incubation time, and particle size on gastric 
Ca and P solubility. Experimental diets were formulated to contain 
0.89% Ca and 0.40% aP (positive control; PC) or 0.76% Ca and 0.27% 
aP (negative control; NC). The PC was supplemented with 1000 FTU/
kg and the NC with 1000 and 5000 FTU/kg diet of microbial phytase, 
which resulted in a total of 5 experimental diets. The diets were fed to 
2,940 Cobb 500, male, broilers from d 0 to 18. Digesta was collected 
from the gizzard and ileum at d 18 to determine Ca and P digestibility. 
For the in vitro trials, diets were ground to pass a 1 or 2 mm screen 
and exposed to a gastric digestion containing HCl and pepsin. In vivo 
phytase supplementation increased (P < 0.05) gizzard Ca solubility 
in the NC diet, but did not affect (P > 0.05) gizzard P solubility. Con-
versely, phytase improved (P < 0.05) apparent ileal P digestibility, but 
did not affect (P > 0.05) Ca digestibility. Gastric P (P < 0.05) and Ca (P 
< 0.05) solubility was increased in diets ground to pass a 1 mm screen 
compared with diets ground to pass a 2 mm screen. Phytase at 5000 

FTU/kg in the NC and 1000 FTU/kg in the PC increased gastric P and 
Ca solubility compared all other diets ground through a 2 mm screen. 
Phytase continued to release P (P < 0.05) in the gastric test over time, 
but Ca solubility reached an asymptote at 5 min. In conclusion, consid-
erable Ca and P digestion occurs within 5 min of gastric digestion, but 
the kinetics of release are different. Particle size and residence time in 
the gastric phase of digestion may play a critical role in the rate of Ca 
and P dissolution and utilization. In addition, the non-parallel rate of Ca 
and P release in the gastric phase suggests that the absorption/utilization 
of these minerals may be complicated by differential rates of delivery 
to the small intestine. Furthermore, the negative digestibility of Ca in 
transit through the ileum may be the result of pH shifts coupled with 
precipitation with dietary chelators.

Key Words: calcium, phosphorus, phytase, gastric digestion

    120   Turkey performance between 0 and 84 days added 
with high doses of phytase. M Bedford1, C Wyatt*1, A Knox2, 
and T. T. Santos1, 1AB Vista Feed Ingredients, Marborough, United 
Kingdom, 2Roslin Nutrition Ltd.

Phytese is being commercially used worldwide to improve phosphorus 
availability/digestibility from vegetable sources. As phytate, phytase 
substract, is an anti-nutritional component high doses of phytase could 
be used to reduce this anti-nutritional effect and improve animal per-
formance besides the phosphorus release. An experiment was carried 
out to evaluate the effects of high doses of phytase at turkey feed with 
low decrease of calcium and phosphorus content. 1500 d old male and 
female BUT 8 poults were allotted at 60 pens and distributed at random 
to 6 experimental treatments 10 replicates each (5 males and 5 females). 
Treatments consisted in a Positive Control, Negative Control (−0.15% 
Av P and −0.15% Calcium) and negative control added with 250, 
500, 1000 or 2000FTU/kg phytase activity (Quantum Phytase). Each 
treatment consisted into 3 diets that met nutritional requirement, also, 
feed samples were collected and enzyme activity analyzed to confirm 
it met the expected activity. Body weight gain and feed consumption 
were measured at 28, 56 and 84d of age and feed conversion corrected 
by mortality was calculated at same ages. At 84d males and females 
fed the NC had lower body weight gain compared with the PC (8662 
vs 9204 and 6280 vs 6491, P < 0.05); 500FTU of phytase recovered 
body weight compared with the PC and 1000 on female and 2000FTU 
on both sex had higher body weight gain compared with PC (9141 and 
9505 on males and 6588, 6734 and 6809 on female, P < 0.05). NC 
got worst feed conversion compared with PC and 500 to 2000FTU of 
phytase inclusion recovery feed conversion to level similar to PC on 
both males and females. High dosages of phytase can be used on turkey 
diets marginally deficient on phosphorus to improve animal performance 
compared with a regular diet. Improvement of performance would be 
related to the reduction of the anti-nutritional effect of phytate and not 
to phosphorus release.

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

      121   Dietary sodium level and exogenous phytase interactive 
effects on growth performance and carcass characteristics 
of broilers. E. J. Kim*1, A. Corzo2, C. Price3, and W. A. Dozier, 
III4, 1USDA-ARS, Poultry Research Unit, Mississippi State, 
MS, 2Mississippi State University, Mississippi State, 3Sanderson 
Farms, Laurel, MS, 4Auburn University, Auburn.

The objectives of this study were to examine the interactive effects of 
dietary phytase and Na in broiler growth and meat yields from 1 to 49 
d of age. Five hundred and 76 Ross × Ross 708 mixed-sex broilers were 
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randomly distributed to 48 floor pens (6 replicate pens per treatment; 
0.09m2 /bird) and fed 8 dietary treatments. Treatments were arranged 
in a 2 × 4 factorial with 4 levels of Na (ranging from 0.11 to 0.23% in 
0.04% increments) with or without phytase and provided throughout the 
entire 49 d production period. Diets were formulated to meet all nutri-
ent requirements for each feeding phase with the exception of Na. At 
49 d of age, 8 birds per pen were processed and deboned to determine 
carcass characteristics. Body weight, feed consumption, mortality, 
carcass weight, carcass yield, abdominal fat weight, abdominal fat 
percentage, total breast meat weight, and total breast meat yield were 
determined. Dietary phytase and Na did not interact with the variables 
measured throughout the experimentation; hence, only main effects of 
Na were statistically significant. Broilers fed gradient levels of Na had 
quadratically higher (P ≤ 0.05) BW gain and feed intake throughout 
all feeding phases. In relation to BW gain, carcass weight, breast fillet 
weight, and total breast meat were also significantly (P ≤ 0.05) increased 
quadratically with incremental Na supplementation resulting in an 
optimum inclusion level of 0.15 to 0.19%. Broilers fed diets containing 
0.11 or 0.23% Na were found to adversely affect growth performance 
and carcass characteristics. The addition of phytase did not improve (P 
≤ 0.05) live performance and carcass characteristics. The results of this 
study indicate that dietary Na may have significant effects on growth 
and carcass characteristics in broilers.

Key Words: phytase, sodium, broilers

    122   Effects of feeding various levels of nonphytate phosphorus 
(nPP) in the starter phase on growth performance and bone 
characteristics in broilers during subsequent phases. S. Powell,* T. 
D. Bidner, and L. L. Southern, Louisiana State University Agricultural 
Center, Baton Rouge.
Two experiments were conducted to investigate the effect of feeding 
marginally deficient or excess P in the starter phase on growth and bone 
responses of broilers in subsequent phases. Ross 708 broilers were used 
in a phased feeding program: starter (0 to 14 d or 21 d), grower (14 to 
28 d or 21 to 35 d), and finisher (35 to 49 d). Diets were corn-soybean 
meal based and adequate in all nutrients except Ca and P where appropri-
ate. Treatments had 12 replications of 35 broilers in the starter phase, 6 
replications of 23 to 26 broilers for the grower phase, and 6 replications 
of 20 broilers in the finisher phase. In the starter phase, broilers were 
allotted to treatments with nPP levels ranging from 0.40 to 0.60% with 
a Ca:nPP of 2.2:1 (Exp. 1) and 0.50 or 0.60% nPP with a Ca:nPP of 
1.9:1 (Exp. 2). For the grower phase, broilers from each treatment in the 
starter phase were divided into 2 groups and fed either 0.30 or 0.35% 
nPP. Broilers were fed a common diet in the finisher phase (Exp. 2). In 
Exp. 1, broilers fed the lower levels of nPP in the starter phase gained 
more when fed 0.30% nPP in the grower phase, while broilers fed the 
higher levels of nPP in the starter phase gained more when fed 0.35% 
nPP in the grower phase (P = 0.05). In Exp. 2, feeding 0.60% nPP in 
the starter phase decreased (P = 0.03) ADG and increased tibia ash (P < 
0.01) in the starter phase. During the grower phase, broilers fed 0.50% 
nPP in the starter phase had higher ADG (P = 0.05) and G:F (P = 0.08). 
Similarly, broilers fed 0.30% nPP in the grower phase had higher ADG 
(P = 0.05) and G:F (P = 0.07). However, bone breaking strength was 
higher (P = 0.03) at the end of the grower phase in broilers fed 0.60% 
nPP in the starter phase. In the overall growth data, G:F was higher (P 
= 0.02) for broilers fed 0.50% nPP in the starter phase than for those 
fed 0.60% nPP. These data indicate that feeding below the nPP require-
ment for 0 to 14 d resulted in better adaptation to a lower nPP in later 
phases while feeding above the nPP requirement for 0 to 21 d resulted 
in a decrease in G:F.

Key Words: broiler, phosphorus, compensation

    123   Evaluation of four commercial toxin-binders in groundnut 
cake based broiler finishers’ diet-haematology and liver serum 
indices. O. A. Ogunwole*1, A. Y. Onamade1, A. O. Akinsoyinu1, 
M. D. Olumide1, and A. A. Mako2, 1Department of Animal Science, 
University of Ibadan, Ibadan, 2Tai Solarin University of Education, 
Ijebu-Ode, Nigeria.

A feeding trial lasting 6-week was conducted using 270 d-1 Marshal 
Broiler chicks to evaluate the effects of inclusion of 4 different com-
mercial toxin-binders on the hematology and the liver serum enzymes 
in groundnut cake based broiler finishers’ diets. Diet A (control) had 
no commercial toxin binder while diets B, C, D, E and F had charcoal, 
Toxiroak, Toxynil, MycofixR Eco and A-Tox respectively each incor-
porated at 0.3%. The birds were initially brooded on basal (control) diet 
till day-22. They were thereafter randomly allocated to 6 treatments in 
triplicate and each replicate made of 15 birds such that the mean group 
weight was statistically similar. The experiment was a completely 
randomized design. The birds were fed their assigned diets and water 
ad libitum for 3-week. Blood were collected from the birds through 
jugular vein into bottles with anti-coagulant for hematological indices 
while other sets were in the bottle without EDTA for serum separation 
and liver enzymes quantification. Data collected were analyzed using 
ANOVA and the significant means separated. Values obtained for white 
blood cell, packed cell volume, hemoglobin and mean cell hemoglobin 
concentration were all within standard range for broilers.Red blood cell 
value for birds on control diet was lowest (P < 0.05) while the highest 
value was obtained in birds on treatment E (MycofixR Eco). Serum liver 
transferases i.e ALT and AST(i.u/L) ranged between 6 and 22–8.01 and 
29.85–50.10 repectively, was lowest for birds on diet F and highest for 
birds on control diet. Thus, the proprietary binders in this study had 
variable effects on the hematology and serum profile of birds.

Key Words: groundnut cake, toxin-binders, broiler finishers’ diets, 
hematology, serum liver enzymes

    124   Studies on nutritive value of cassava root products as 
energy sources in poultry production. O. O Tewe* and M. A 
Mosobalaje, Department of Animal Science, University of Ibadan, 
Ibadan.

Contrasting reports are available on the metabolisable energy and 
nutrient composition of cassava root meals. Nutritionally balanced diet 
requires adequate knowledge of nutritive value of the ingredients. This 
study was carried out to determine true metabolisable energy (TME), 
hydrogen cyanide and proximate composition of 4 cassava root products 
(CRPs). a year old whole cassava tubers were processed into 4 products: 
peeled cassava chips (PCC); unpeeled cassava chips (UCC), unpeeled 
cassava pellets (UCP) and unpeeled cassava grits (UCG). The 4 products 
were analyzed for proximate composition, hydrogen cyanide and TME 
using 15, 10-week adult broilers. There were 3 birds each on the 4 CRPs 
and the remaining 3 birds were fasted. Excreta were collected after 24-h, 
dried, weighed and analyzed. Proximate analysis revealed that crude 
protein of content of unpeeled cassava products: UCC (4.06), UCP (4.62) 
and UCG (3.22), were significantly (P < 0.05) higher than that of PCC 
(1.54%), crude fiber and cyanide content of UCP and UCG (7.87% and 
35.34 ppm;and 5.95% and 39.36 ppm) respectively were significantly 
(P < 0.05) lower than UCC (9,95%and 51.08 ppm) and significantly 
(P < 0.05) higher than PCC (1.30% and 19.14 ppm) respectively. Dry 
matter, NFE and ash contents were similar (P > 0.05). Result obtained 
on TME showed that energy yield of CRPs were not significantly (P > 
0.05) different The TME of the 4 CRPs were similar (P > 0.05), 3.22 
Kcal/g, 3.17 Kcal/g 3.29 Kcal/g and 3.28 Kcal/g were recorded for 
PCC, UCC, UCP and UCG respectively. Cost of production of UCC 

Poult. Sci. 90 (Suppl. 1)



ABSTRACTS OF PAPERS 37

was the lowest while that of UCP was the highest. The TME of CRPs 
were comparable to that of maize. Proximate composition of unpeeled 
cassava products shows they are promising in livestock feeding.

Key Words: cassava root products, energy, nutritive values, poultry 
production, proximate analysis

    125   Evaluation of NutriFibe Complex as an alternative to 
BMD in broiler diets. M. A. Mellencamp*1, P. A. Stayer2, C. 
Price2, R. Smith1, and R. Dvorak1, 1Ralco Nutrition, Inc., Marshall, 
MN, 2Sanderson Farms, Inc., Laurel, MS.

BMD (bacitracin methylene disalicylate) is traditionally used as an 
antibiotic growth promoter in broiler feeds. As poultry producers seek 
alternative products to support gut health, choices include products with 
natural nutraceutical ingredients. NutriFibe Complex was developed to 
promote gut health and immunity. The formulation combines prebiotic 
fibers, β glucans and yucca to promote a desired microflora balance, 
modulate the immune system and enhance gut integrity. In this study, 
NutriFibe Complex was substituted for BMD in broiler diets on 2 
separate farms. One farm produced 6 lb. birds (Farm A) and the other 
produced 8 lb. birds (Farm B). Two of 4 houses on each farm received 
the usual corn-soy rations with BMD. The other 2 houses received the 
same ration but BMD was replaced with NutriFibe Complex. All other 
feed additives were the same in both diets. All birds were vaccinated for 
coccidiosis control. Built up litter was present in all houses. On Farm A 
(6 lb.), birds fed the diet containing NutriFibe Complex performed as 
well or better than BMD (Table 1). NutriFibe Complex-fed birds were 
0.11 lb. heavier than controls, and feed efficiency was improved by 0.9 
pts. Survival was similar in both groups. The farm sold an additional 
5,400 lb from houses fed NutriFibe Complex compared with control 
houses. On Farm B (8 lb.), birds fed NutriFibe Complex performed 
as well as the control group. Final weight, average daily gain, feed 
efficiency and survival were similar in both groups. This trial shows 
that NutriFibe Complex delivered the same high performance that is 
expected from BMD. Tray pack birds (6 lb.) fed NutriFibe Complex 
had better weight gain and feed efficiency than the BMD group. These 
encouraging results demonstrate that optimizing gut health pays off in 
performance and survival.

Table 1. Effects of NutriFibe Complex (NFC) or BMD (control) on broiler 
performance

Trait
Farm A Farm A Farm B Farm B
Control NFC Control NFC

No. placed 50,000 50,000 48,800 48,800
No. sold 48,695 48,753 47,603 47,626
Survival (%) 97.39 97.51 97.55 97.6
Final wt. (lb.) 6.14 6.25 8.56 8.55
ADG (lb./day) 0.1204 0.1226 0.1359 0.1357
Feed:gain 1.891 1.888 2.072 2.069
Total lb. sold 299,110 304,710 407,292 407,292
Age (d.) 51 51 63 63

Key Words: prebiotic fiber, gut health, broiler performance, antibiotic 
alternative, BMD

    126   Effects of gender, strain, and age on apparent ileal amino 
acid digestibility of soybean meal and an animal by-product 
blend in broilers. E. J. Kim*1, L. Mejia2, and A. Corzo2, 1USDA-
ARS, Poultry Research Unit, Mississippi State, MS, 2Mississippi State 
University, Mississippi State.
The objectives of this study were to determine if gender, strain, and age 
of broilers affects the apparent ileal amino acid digestibility (AID) of 
soybean meal (SBM) and an animal by-product blend (ABB). Chicks 

from 2 broiler strains, a commercially available and another in the test 
phase, were obtained from the same hatchery, wing-sexed, and placed 
into floor pens and raised on common diets. Two ileal digestibility trials 
were conducted on these birds at 3 and 6 wk of age. Two semi-purified 
diets were formulated with each of the feed ingredients providing all the 
amino acids (AA) in the diets. These diets were formulated to contain 
20% CP with chromic oxide added to the diet at 0.30% as a marker. 
The experimental diets were fed for a 72 h period after an overnight 
fast to 8 replicate cages of 5 birds in each trial. On d 22 and 43, upon 
completion of the experimental period, birds were killed and ileal digesta 
were collected and pooled by pen, frozen, freeze-dried, and analyzed 
for AA and chromium concentrations. The resultant data were statisti-
cally analyzed for main effects and interactions. For SBM, no main 
effects were observed for gender, strain, and age; however, significant 
(P < 0.05) 3-way interactions were observed for several essential AA. 
Further statistical analyses of these significant 3-way interactions indi-
cate the AID of SBM may be affected by males from the test strain. 
For ABB, only main effects were significant. Main effect of strain was 
observed for most of the AA, showing that the commercially available 
strain had higher AID than the test strain. Also, significant main effect 
of age indicated that the AID for ABB was higher for 42 d broilers than 
21 d broilers. Analyses of these 2 ingredients showed age, gender, and 
strain cross effects can be significant and should be considered in future 
investigations as an important source of variation.

Key Words: amino acid digestibility, soybean meal, animal by-product 
meal

127   Effects of adding dietary guar meal, guar gum and saponin-
rich guar meal extract on broiler chicks challenged with Clostridium 
perfringens. S. Hassan*1, J. McReynolds2, J. Byrd2, A. Cartwright3, 
and C. Bailey3, 1King Faisal University, Al-Ahsa, Kingdom of Saudi 
Arabia, 2USDA, Agriculture Research Center, College Station, 
TX, 3Texas A&M University, College Station.

Three hundred one-d-old broiler chicks were randomly distributed 
among 5 treatments with 3 replicates of 20 chicks per replicate. Chicks 
were assigned to one of the following treatments: 1) Unchallenged 
control, chicks fed broiler starter diet containing 55% wheat (control 
diet) but unchallenged with Clostridium perfringens type A, 2) chal-
lenged control, chicks fed control diet and challenged with Clostridium 
perfringens type A, 3) chicks fed control diet containing 2.5% guar 
meal and challenged with Clostridium perfringens type A, 4) chicks fed 
control diet containing 1% guar gum and challenged with Clostridium 
perfringens type A, and 5) chicks fed control diet containing 0.125% 
saponin-rich guar meal extract and challenged with Clostridium perfrin-
gens type A. Weekly body weight, feed intake and mortality rate were 
recorded from 0 to 21 d of age. Chicks were challenged at 14d and 21 
d of age, necropsies were performed for each chick of all the treatments 
and intestinal lesion score and the colony forming unit concentrations 
of Clostridium perfringens of the sample of gastrointestinal contents 
were examined. Challenge by Clostridium perfringens in this study was 
unsuccessful and did not result in necrotic enteritis. Body weights at 
21 d, and body weight gains during 14 to 21 d and 0 to 21 d in chicks 
challenged and fed 2.5% guar meal or 0.125% saponin-rich guar meal 
extract were significantly lower than those of both unchallenged and 
challenged control treatments during the same periods. Weekly feed 
conversion ratio of chicks challenged control treatment and fed 0.125% 
saponin-rich guar meal extract were higher than those of both challenged 
and unchallenged control treatments, but not different from the guar 
meal and saponin fed treatments during the 15 to 21 d period. Results 
suggest that unknown chemical component in saponin-rich guar meal 
extract such as saponin, interaction between saponin and the guar meal 
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    130   Effect of stocking density and diet protein levels on growth 
performance of meat-type Korean native chicken. S. J. Ohh,* Y. H. 
Song, C. S. Ra, B. J. Chae, and J. Y. Lee, Kangwon National University, 
Chuncheon, South Korea.

Three (6.3, 9.5 and 12.6 birds/m2) stocking densities and 2 dietary protein 
levels(19 and 18%) for only d41–75 phase were arranged to meat-type 
Korean native chicken(KNC) to evaluate the growth performance. A 
total of 720 KNC were employed into 24 floor pens (3 × 2 × 4 replicates) 
bedded with rice husk. The feeding trial started at d10 and finished at 
d75 of age for 65 d. Body weight gain (BWG), feed intake (FI) and feed 
conversion ratio (FCR) were measured at d40, d60 and d75. Apparent 
nutrient utilizabilities (%) were measured with birds at d75 using total 
collection method. BWG was highest (P < 0.001) with 6.3 birds/m2 along 
with higher FI and efficient FCR. Highest density (12.6/m2) resulted 
the lowest BWG and lower(P < 0.001) FI than medium density (9.5/
m2). Impact of density became severe as the age of KNC is older, with 
more magnitude of the impact during d61–75 phase. FCR was poorer 
(P = 0.026) by bird at 9.5/m2 density than birds at other 2 densities. The 

difference in FCR among densities, however, was remarkably signifi-
cant during 60 to 75d and that affected whole period FCR. There were 
no significant differences in BWG, FI and FCR between 19 and 18% 
dietary protein levels. Both crude protein and total carbohydrate utiliz-
abilities were higher (P = 0.016) with birds at 6.3/m2 density than birds 
at the other 2 densities. The both nutrients utilizabilities were lowest 
at 12.6/m2 density with 18% protein diet whereas were lowest at 9.5/
m2 density with 19% protein diet. This study showed that increasing 
stocking density adversely affected BWG, FI and FCR of KNC. This 
result suggested the high stocking density may induce space competition 
among birds and resulting lower feed intake of the birds, especially with 
more severity during d61–75 when their body weight became heavier. 
This study also indicated the 12.6 birds/m2 density is not appropriate 
for finishing stage KNC although it fits the chicken welfare guideline. 
This study also suggested 18% protein level would be sufficient for the 
bird at finishing stage.

Key Words: Korean native chicken, stocking density, protein level, 
performance

residue or trypsin inhibitor or some unknown toxic substances could be 
contributed to the observed inhibition of growth in chicks fed saponin-
rich guar meal extract.

Key Words: chicken, Clostridium, guar gum, guar meal, saponin

    128   Poultry feed formulation results from different 
digestible amino acid databases. M. Tahir1, P. Sodsee2, and G. M. 
Pesti*2, 1Agricultural University, Peshawar, Khyber Pakhtunkhwa, 
Pakistan, 2University Georgia, Ahtens.
This study showed how the different database values influence ingredi-
ent usage and feed cost for broiler, layer and turkey diets with recent 
ingredient costs from the USA and Pakistan. A series of feeds were 
formulated to compare results from using 2 commercial ingredient 
composition databases: Ajinomoto Heartland (AH, rooster) and Evonik 
Degussa (ED, chick). Total amino acids averaged 6% higher in the AH 
(rooster) than ED (chick) database and digestible amino acids averaged 
14% higher in the rooster than chick assays. The ingredient composition 
matrix was based on NRC (1994) tables except for digestible amino 
acid and protein. Requirements were for a broiler starter (Ross), broiler 
finisher (Cobb), turkey starter (Nicholas), turkey finisher (BUT males), 
and layer prelay and peak (Hy-line) diets. Costs were local market prices 
in Pakistan (June 2010) and average USA prices (2009). Formula costs 
were higher using the ED digestible amino acid values, ranging from 
$0.90/ton for the turkey finisher to ;8.20/ton for the turkey starter. The 
broiler starter and finisher diets were $6.00 and $2.40/ton higher using 
the ED digestible amino acid values. Differences in formulation costs 
were due to higher levels of supplemental amino acids and soybean meal 
when using the ED database. The shadow prices of distillers dried grain 
with soluble (DDGS) ranged from $199.30/ton in the turkey starter with 
AH digestible amino acid values to $245.40/ton in the prelay diet with 
AH digestible amino acid values. Not knowing the digestible amino acid 
levels in feed ingredients or choosing inappropriate digestible amino acid 
values may result (at least) in inefficiencies of 3 to 4 $/ton of finished 
feed for broilers, layers and turkeys. Comparative values are similar for 
dollar ($) and rupees (Rs). Differences in feed cost from using the differ-
ent digestibility values can give an estimate of potential savings (costs) 

from using a particular database. The cost difference may be used to 
demonstrate the magnitude of research monies that should be dedicated 
to most accurately estimating amino acid digestibility values.

Key Words: amino acids, broiler, layer, turkey, cost

    129   Effects of functional oils on performance, apparent 
metabolizable energy and intestinal morphometry in broiler 
chickens. A. Murakami1, C. Eyng1, and J. Torrent*2, 1University 
Estadual de Maringa, Maringa, PR, Brazil, 2Oligo Basics Agroind. 
Ltda., Cascavel, PR, Brazil.
The effects of supplementing a commercial mixture of functional oils 
(Essential, Oligo Basics Ltda., Cascavel, PR, Brazil; active ingredients: 
cashew nut shell oil and castor oil), on performance parameters, appar-
ent metabolizable energy (AME), nitrogen corrected AME (AMEn) and 
intestinal morphometry were evaluated in chickens. A total of 594 one 
day old chicks with an average initial weight of 44 g were sorted by 
weight and randomized among 18 floor pens with 33 chicks per pen and 
were assigned to a control and supplemented treatment. Performance 
parameters were measured at 14, 28 and 42 d of age. AME and AMEn 
were determined during 20 to 25 d of age through total fecal collec-
tion using 7 replicates with 9 birds per replicate for each treatment. To 
evaluate the morphometry of the intestinal mucosa, 4 cm of duodenum, 
jejunum and ileum were taken from 2 chickens of each treatment at 7 
14, 21 and 28 d of age. In the performance study, there was a tendency 
for better feed conversion at 42 d for the supplemented birds (1.806 
vs. 1.772; P = 0.08). Also, diets supplemented with the functional oils 
yielded higher AME (2,881 vs. 2,777 kcal/kg; P = 0.003) and AMEn 
(2,568 vs. 2,449 kcal/kg; P = 0.001). Supplementation increased villus 
height in the duodenum at 14 d of age (554 vs. 715 μm; P < 0.05), 
crypt depth in the jejunum at 28 d of age (128 vs. 132 μm, P < 0.05) 
and villus height/crypt ratios (P < 0.05) in the duodenum at d 28, in the 
jejunum at d 7 and in the ileum at d 14. In conclusion, supplementation 
with functional oils improved the apparent metabolizable energy of 
the supplemented diets and changed the intestinal morphometry of the 
supplemented birds.

Key Words: functional oils, AME, intestinal morphometry
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    131   Incubation profiles on bone development and leg health 
of three genetic lines of turkeys. E. O. Oviedo-Rondón,* M. J. 
Wineland, M. R. Dalmagro, K. Claassen, C. Evans, D. T. Ort, and 
K. M. Mann, Department of Poultry Science, North Carolina State 
University, Raleigh.

The effect of incubation temperature profiles was evaluated on bone 
development, gait scores, and leg problems in turkeys of 3 strains. Three 
sire lines were mated to the same female line of turkeys to produce the 
female breeder parent line for the XL, Converter (CO), and grademaker 
(GM) (Hybrid Turkeys, Kitchener, Ontario). Fertilized eggs were deliv-
ered to NC State University and incubated using 3 temperature profiles 
called elevated, normal, and reduced. Egg moisture loss and eggshell 
conductance were determined. At hatching all poults were weighed, 
identified with necktags, and 12 poults per treatment were selected to 
determine residual yolk and bone traits. The remaining poults were 
raised in floor pens under the same husbandry conditions. Gait scores and 
prevalence of valgus/varus deformities (VV), crooked toes, and twisted 
legs were evaluated at 6 wk, and bone traits assessed only in toms. Data 
was analyzed as a 3x3 factorial design. Eggshell conductance and water 
loss were different (P < 0.001) among the 3 strains. Eggs lost more 
moisture as incubation temperatures increased, but only poults from 
the elevated incubation temperature profile had more residual yolk. XL 
poults were heavier than the GM, but also had more residual yolk, and 
consequently no differences on BW without yolk were observed. No 
differences (P ≥ 0.05) among strains were observed on bone develop-
ment at hatch, but significant differences on bone length were observed 
at 6 wk. Almost 28% of poults coming out from the elevated incubation 
temperature profile had splayed legs at hatching. Incubation temperatures 
also influenced (P < 0.05) femur and shank relative weights at hatch, and 
lengths of femurs, tibias, and shanks at hatch and 6 wk. In addition, gait 
scores and VV were affected (P < 0.05) by incubation temperature, but 
did not differ among strains. Toms from the reduced temperature profile 
were lighter and had more locomotion problems and VV. Significant 
interactions were only observed in bone relative weights at 6 wk of age. 
Suboptimal incubation temperature profiles impact bone development 
and leg health in turkeys of these 3 strains.

Key Words: incubation temperature, strains, turkey, bone

    132   Efficacy of feed additives to reduce the biological effect 
of naturally occurring mycotoxins fed to turkey hen poults reared 
to 6 weeks of age. J. L. Grimes1, M. D. Koci1, C. R. Stark1, T. F. 
Middleton2, P. K. Nighot1, and J. E. Nixon*1, 1North Carolina State 
University, Raleigh, 2Ag ProVision, LLC, Kenansville, NC.

Turkey hen poults were fed rations to 6 wk of age with or without 
naturally occurring mycotoxins; corn with aflatoxin (AF), wheat with 
deoxynivalenol (DON), and barley with zearalenone (ZEA). The 
“without” ration contained no AF, 1 ppm DON and 0.5 ppm ZEA. The 
mycotoxin ration contained 250 ppb AF, 2 ppm DON and 0.6 ppm ZEA. 
Within each ration treatment, there were 4 sub-treatments: the control 
ration plus 1 of 3 feed additives: Biomin BioFix (2 lb/ton), Kemin 
Kallsil (4 lb/ton), and Nutriad UNIKE (3 lb/ton). Variables measured 
included BW, feed intake (FI), feed conversion (FC), liver lipid, liver 
histology, blood serum metabolites, immune response to new castle 
disease and sheep red blood cell (SRBC) vaccination (3 d) and relative 
organ weights; heart, spleen, kidney, liver, gizzard, pancreas, Bursa 
of Fabricius. The data were analyzed using GLM of SAS with means 
separated using LSD (P < 0.05). The mycotoxin rations reduced poult 
BW (2.08 vs 2.31 ± 0.02 kg), reduced FI (3.11 vs 3.39 ± 0.004 kg/bd) 
and increased poult feed conversion (1.51 vs 1.47 ± 0.01). Feeding 
the poults the mycotoxin feed resulted in decreased relative liver and 

heart wt and increased relative liver lipid, spleen, gizzard, pancreas and 
kidney wt. Relative bursa wt was not affected. Serum albumin, amino 
acid transferase, and titers to SRBC were reduced due to feeding the 
mycotoxin ration. The feed additives had little effect in the rations with 
the lower amounts of mycotoxins (′without′ rations). In the mycotoxin 
rations, the birds fed the additives had no change in BW, reduced FI and 
improved FC compared with the birds fed the mycotoxin feed without 
any feed additive. The only observed physiological effect of feeding 
the additives was to lessen the increase in relative kidney wt for the 
birds fed the mycotoxin feed. Feeding turkey poults naturally occurring 
myctoxins at levels used in this study result in reduced performance. 
The feed additives used in this study did alleviate the effect of dietary 
mycotoxins to some degree.

Key Words: turkey, mycotoxin, aflatoxin, deoxynivalenol, fed addi-
tive

    133   Turkey hen performance when fed diets containing a 
commercial control diet with antibiotic-free (ABF) or ABF 
containing Actigen diets. R. M. Hulet* and T. L. Cravener, The 
Pennsylvania State University, University Park.

Commercial turkey hens are in need of efficient and effective diets 
to feed antibiotic free diets (ABF). The objective of this study was to 
evaluate growth efficiency and performance of hen turkeys (Hybrid 
Converter) fed a commercial control diet (Control) containing antibiotics 
(Stafac 3 g/ton 0 to 6 wks of age and 10g/ton from 6 to 12 wks of age) 
compared with hens fed either an ABF diet or an ABF diet supplemented 
with Actigen (ABF+Actigen; 400 g/ton 0 to 6 wks of age and 200 g/ton 
from 6 to 12 weeks of age). One thousand and 92 hens were randomized 
into 12 brooding pens with 91 poults per pen (11 birds/m2 for the first 
14 d and then housed at a density of 5.5 birds/m2 until 84 d of age. All 
birds were started on nipple drinker, feeder flats, and hanging feeders 
to 6 weeks of age when they were supplied with adult bell drinkers and 
larger hanging feeders. Feed and body weight were measured at 0, 14, 
42, 70, and 84 d of age. No significant difference was found in body 
weight, feed conversion, or mortality in any period. body weight at 84 d 
for the Control, ABF, and ABF+Actigen birds averaged 7.54, 7.50, and 
7.52 kg, respectively. Feed conversion at 84 d was 2.0435, 2.0407, and 
2.0408, respectively for the Control, ABF, and ABF+Actigen fed birds. 
Percent cumulative mortality (14 - 84 d) was 6.8, 2.2, and 3.1% for the 
Control, ABF, and ABF+Actigen treatments. With no disease or envi-
ronmental challenges and under commercial densities and conditions, 
turkey hens can perform equally well when fed ABF or ABF- Actigen 
supplemented diets with hen fed commercial Control diets.

Key Words: turkey hens, antibiotic-free diet, Actigen

    134   Effects of natural beta-acids from hops on Campylobacter 
and Salmonella in vitro. N. A. Krueger*1, J. A. Byrd1, M. D. Flythe2, 
R. C. Anderson1, and D. J. Nisbet1, 1USDA-ARS-SPARC- Food 
and Feed Safety Research Unit, College Station, TX, 2USDA-ARS, 
Lexington, KY.

Campylobacter and Salmonella are important foodborne pathogens 
that may colonize the gut of food producing animals. The objective of 
this experiment was to evaluate the effects of a hops β-acid solution at 
reducing C. jejuni and S. Typhimurium in a mixed population of market 
age broiler ceca bacteria. Freshly collected ceca contents collected from 
20 market age broilers were pooled together in Mueller-Hinton (MH, 
C. jejuni) or Tryptic Soy Broth (TSB, S. Typhimurium) resulting in a 
ratio of 8 mL buffer to 1 g cecal contents. Each cecal broth mixture was 
inoculated with approximately 10−4 colony forming units (cfu) of an 
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    136   Effect of genetic cross, broiler breeder weight management, 
and incubation profile on jejunum mucosa development and 
growth performance of broiler progeny. N. E. Bohórquez*1, 
D. V. Bohórquez2, R. D. Malhieros1, M. J. Wineland1, and P. R. 
Ferket1, 1North Carolina State University, Raleigh, 2Duke University, 
Durham, NC.

Feed and weight management, breed crosses of broiler breeders and 
incubation conditions impact enteric development and early growth 
performance. To test this hypothesis, eggs from full-fed and restricted-
fed parent (P) and great-parent (GP) genetic crosses were incubated to 
simulate single and multi-stage incubation profiles. The morphological 
development of intestinal mucosa (histomorphometrics) and post-hatch 
growth performance were then evaluated. The experiment was 3 × 2 
factorial with 3 genetic lines (L1 = P cross, restricted-fed; L2 = male-
line GP cross restricted-fed; and L3 = male-line GP cross full-fed) and 
2 incubation profiles (36.5–39°C, LH and 37.5°C, SS). At hatching, 
chicks from each treatment were assigned to 8 replicate battery cages 
(10 chicks/cage). Chicks had feed and water ad libitum. Body weight 
(BW), feed intake (FI), and Feed/Gain (FCR) were determined at 4, 
7, 14 and 21 d (d). Jejunum sections were collected from 8 chicks per 
treatment at 19d of incubation (E19), hatching, 4, and 21d. Histology 
slides (1/chick) were prepared, morphology of mucosa was evaluated 
on 10 villi/chick and villi surface area (VSA) was calculated. There 
were no significant breederXincubation interaction effects on enteric 
development or growth. VSA was 15% and 18% greater (P < 0.0001) in 
L2 at E19 and 4d compared with L1. BW of L2 and L3 was 7% greater 
(P < 0.05) at 7d and 14 d than L1, but there were no differences on FCR. 
Compared with SS, LH incubation reduced VSA by 28%, 19% and 9% 
at E19, 4d, and 21 d (P < 0.0001), and reduced BW by 8%, 9%, 10% and 
7% at 4, 7, 14 and 21 d. Early enteric development (e.g., VSA) affects 
subsequent growth of broilers. Genetic cross and feed management 
may affect enteric development and growth performance. Regardless 
of genetic cross, high temperature during late-term incubation adversely 
affects enteric development and early growth performance.

Key Words: incubation, villi, broiler, body weight, histomorphomet-
rics

    137   Evaluation of growth potential of local chickens in Nigeria. 
J. A. Olupona,* O. O. Adejinmi, and A. M. Raji, Federal College of 
Animal health and production technology, Ibadan, Oyo,Nigeria.

The growth potential of village chickens in Nigeria was evaluated by 
comparing their growth performance under intensive and semi-intensive 
system of management. Preliminary investigation by the author revealed 
that 86.75% of village chickens are kept under semi-scavenging system 
of management in Ibadan south west local government of Nigeria 
whereby birds are provided with small amount of grains and by-products 
to supplement their scavenging. Fifty-two chicks, 8 weeks old were 
collected from villages in Ibadan south west local government and 
individually raised in cages. Hatch mates of caged-raised chicks (n = 
56) remained with the farmers and were raised under semi-scavenging 
conditions. On- farm made growers mash (18%CP) was fed for chicks 
raised under intensive condition and birds were treated against common 
diseases and parasites. Data were collected on feed intake, weight gain 
and feed efficiency. Village and system of management significantly (P 
< 0.05) influenced growth rates. The values for birds under intensive 
conditions were significantly (P < 0.05) higher than for birds under 
semi-scavenging conditions for feed intake, weight gain and feed 
efficiency. Correlation coefficients of growth traits measured between 
intensive and semi-scavenging conditions were low (r = 0.16–0.49; P 
< 0.05) which could be as a result of the effect of environment and its 

overnight grown C. jejuni (in MH) or S. Typhimurium (in TSB) culture. 
Nine mL volumes of the cecal broth mixture were added in triplicate to 
screw top tubes previously loaded with 1 mL MH, TSB, or Hops extract 
solution to achieve a 0, 62.5 ppm Hops (H1) or 125 ppm Hops (H2) and 
were incubated anaerobically at 40°C. After 0, 3 and 6 h incubation; 1 
mL from each sample wasserially diluted and plated to Campy-Cefex 
or XLT4 agar for quantification of C. jejuni and S.Typhimurium. Log10 
transformations of C. jejuni and S. Typhimurium cfu determined at each 
sampling time were subjected to a general ANOVA. Tubes containing 
C. jejuni initially contained 5.63 ± 0.07 (SD), 4.01 ± 0.32, and 3.71 ± 
0.58 log10 cfu mL−1 (control, H1 and H2). Concentrations of C. jejuni 
in control tubes did not differ (P > 0.05) over time while H1 reduced C. 
jejuni concentrations by more than 2.8 log10 cfu mL−1 by 3 h to below 
our limit of detection mL by 6 h incubation. Additionally, H2 reduced 
C. jejuni concentrations by more than 3.7 log10 cfu mL−1 by 3 h and 
remained below our limit of detection through 6 h. Results for tubes 
containing S. Typhimurium initially contained 5.00 ± 0.14, 3.62 ± 0.12, 
and 2.83 ± 0.30 log10 cfu mL−1 (control, H1 and H2). Concentrations of 
S. Typhimurium did not differ over time for each of the 3 treatments. 
Results of the present demonstrate that hops-β acids added to broiler 
cecal contents can effectively reduce C. jejuni but not S.Typhimurium 
concentrations in vitro.

Key Words: Campylobacter, Salmonella, natural beta-acids, food 
safety

    135   Behvioral aspects of the breeder chicken. S. M. Sullivan* 
and N.B Anthony, University of Arkansas, Fayetteville.

Behavior patterns for animals develop early in life. Environmental condi-
tions play a significant role in development of social hierarchies. Some 
aggression is necessary. However, when female chickens are fearful they 
tend to remain on slatted areas. If they do leave the slatted areas they 
are often repeatedly mated by several males. This can result in injury 
or death. Behaviorists contend that years of cage rearing and artificial 
insemination of elite populations without selection for behavior traits 
has caused a failure for males to perform enough courtship behaviors 
and a failure for females to properly respond by crouching. Many of the 
factors that affect rate of mating are; dominance, ratio of male to females, 
specific breed differences, space, accessibility of males to females, how 
tolerant individual males are to other males, individual differences in 
libido, learned behaviors and conditioned responses. Recorded were 
26 different behaviors. These behaviors were then combined into 3 
aggressive categories and 1 non-aggressive category. More aggression 
occures at 20% production than the 50% production P = 0.0004. There 
were differences between male lines P = 0.03 There are differences 
between time periods P = 0.0001. There were no differences of individual 
aggressive behaviors for production periods except for circling (perhaps 
a precursor to waltzing). Fertility of lines A x White Rock started high 
and remained high, lines A x A and White Rock x White Rock started 
high, dropped significantly, and then returned. Mortality of males was 
the highest for A males crossed on White Rock females. Interestingly, 
there were no mortalities for males crossed on the A female line. The 
female affect on male aggression is quite evident. There are differences 
due to hen effects among all lines. Best fertility at 20% production in 
lines crossed with each other and lines crosses with White Rock males. 
There appears to be minimal differences between commercial broiler 
lines crossed on White Rock lines. However, some individual aggressive 
behaviors were approaching significance.

Key Words: broiler breeder behavior, broiler aggression, female broiler 
breeder aggression, poultry behavior, animal aggression
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interaction on genotype. It is concluded that growth potential of village 
chicken can be enhanced by providing enough feed under semi- scav-
enging condition.

Key Words: village chickens, growth potential, semi-scavenging, 
intensive

    138   Embryonic and post hatch growth of 3 genetic lines when 
subjected to 3 differing incubation temperature profiles. M. J. 
Wineland,* D. T. Ort, K. M. Mann, E. O. Oviedo, V. L. Christensen, 
J. L. Grimes, F. W. Edens, and C. M. Ashwell, North Carolina State 
University, Raleigh.

Embryos entering the plateau stage of oxygen consumption are in a 
dilemma; they must continue to grow and mature their organ systems but 
do it with reduced oxygen availability. Energy metabolism must change 
for the embryo during this latter period of incubation as a result. Addi-
tionally different genetic backgrounds may influence how the embryo 
adapts for survival during the plateau stage of oxygen consumption. 
Three sire lines were mated to the same female line of turkeys to produce 
the female breeder parent line for the XL, Converter (CV), and grade-
maker (GM). All eggs were obtained from Hybrid Turkeys (Kitchener, 
Ontario). Fertilized eggs were delivered to Raleigh, NC and incubated 
using 3 different temperature profiles (elevated, normal and reduced). 
At hatching all poults were weighed and identified by neckbands. The 
poults were grown to 6 wks of age and treated similarly. The hypothesis 
is that embryos of differing growth potential developing within eggs 
of the same shell properties will respond differently during embryonic 
and post hatch growth to different temperature profiles. The normal and 
reduced temperature profile was similar for relative embryo growth but 
the embryos subjected to the elevated temperature profile reduced its rate 
of growth as it entered the plateau of oxygen consumption. Since the 
embryos for all 3 genetics developed within the same egg the embryonic 
growth curves were similar except at d 26 when GM was significantly 
greater than XL and CV. At hatch there was no significant difference 
between genetics. The 6 week body weights were different from each 
other by genetics as expected for the males but in the females the XL 
and CV were significantly greater than the GM. When examining the 
3 temperature profiles, 6 week body weights were not significantly 
different between the elevated and normal profile with these 2 being 
significantly greater than the poults from the reduced temperature profile 
for both male and female.

Key Words: incubation, embryo, post hatch growth, embryonic 
growth

    139   Effects of broiler breeder flock age and heating broiler 
hatching eggs during 11 days of storage on hatchability. O. Elibol2, 
M. Gucbilmez2, S. Ozlu2, R. Shiranjang2, and J. Brake*1, 1North 
Carolina State University, Raleigh, 2University of Ankara, Ankara, 
Turkey.

This study investigated the effect of heating hatching eggs during 
extended storage and broiler breeder flock age on fertile hatchability. 
In Experiment 1 hatching eggs were obtained from Ross 344 male x 
Ross 308 female broiler breeders at 29, 36, and 60 wk of age. Freshly 
collected eggs were stored for 1 d in a hatchery egg storage room at 
18°C and 75% RH in paper egg flats. The eggs were then transferred to 
plastic setter trays and either remained in the storage room (Control) or 
were subjected to a heat treatment regimen of 26°C for 2 h, 37.8°C for 
3 h, and 26°C for 2 h during storage before being returned to the stor-
age room. A portion of the eggs were heated when transferred to setter 
trays (Heat 1–11d) and stored for 10 d more. Another group of eggs 

was heated after 5 d of storage (Heat 5–11d) and then stored 6 d more 
before incubation. The process was repeated for Experiment 2 with eggs 
that came from broiler breeder flocks at 28, 38, and 53 wk of age and 
eggs were heated only after 5 d of storage (Heat 5–11d). Control eggs 
stored for 11 d were co-incubated in each experiment. Thus, there were 
eggs from younger (28 and 29 wk), prime (36 and 38 wk), and older (53 
and 60 wk) broiler breeder flocks studied in each of the 2 experiments. 
All eggs were incubated together in a single incubator and hatcher in 
each experiment. A tray of 150 eggs constituted a replicate and 7 or 10 
replicate trays (1050 or 1500 eggs in total) were set per heating treat-
ment in Experiments 1 and 2, respectively. Fertile hatchability was 
reduced in the older flock eggs. Heating eggs during 11 d of storage 
(Heat 1–11d or 5–11d) significantly increased fertile hatchability (85.8 
versus 90.7 and 92.1% in Exp. 1, 82.8 versus 87.5% in Exp. 2) only 
in eggs from younger broiler breeder flocks. This was probably due to 
the fact that fresh eggs from prime and older flocks have been found to 
contain embryos at the gastrula stage of development while eggs from 
younger flocks have many embryos at the pregastrula stage, which were 
obviously positively affected by the heating during storage.

Key Words: egg storage incubation, flock age, hatchability

    140   Effects of treating broiler breeder hatching eggs with 
removable coatings at four storage times on hatchability 
performance. J. A. Santos*1, J. M. Mauldin1, R. J. Buhr2, D. R. 
Jones2, and S. E. Aggrey1, 1University of Georgia, Athens, 2USDA-
ARS, Athens, GA.
After treating hatching eggs with various removable coatings several 
formulations exhibited better hatchability than non-coated controls when 
eggs were stored for 1 or 21 d. The current study was designed to deter-
mine the interaction of 3 formulas with 4 storage times that approximate 
conditions seen in the poultry industry. The 4 egg coating groups were 
formulas 1 and 2, formula 2 sanitized, and untreated controls and the 4 
storage times (1 d, 1 wk, 2 wk, and 3 wk) analyzed in a 4 X 4 factorial 
experimental design. Eggs were collected from a commercial broiler 
breeder farm beginning at 38 wk age. The flock had exceptional fertil-
ity and hatchability for several weeks. Eggs were stored overnight and 
coated the next morning. Coatings were applied by heating formulas to 
350°C and spray-coating eggs in a modified commercial hatching egg-
sanitizing machine. Coating removal involved passing eggs through the 
egg sanitizer with heated water spray (46 to 490°C). After drying, eggs 
were placed in incubation. Evaluation of hatchability performance was 
measured by percentages for hatchability of fertiles (HOF %). The 1 d 
and 1 wk storage times had the best HOF percentage (93%) and were not 
significantly different. The 2 wk storage time values for HOF dropped 
significantly to 88% with another significant drop observed for 3 wk 
storage time, 72% HOF. Coating treatments also exhibited significant 
differences in HOF. The untreated control group had the lowest HOF, 
83% and was significantly different from Formula 2 sanitized at 88%. 
Formulas 1 and 2 had intermediate (87%) and non-significant values 
between Control and Formula 2 sanitized. Previous experimentation 
with egg coating and storage time revealed that differences in hatch-
ability performance were greater in moderately performing flocks than 
in high performance flocks. Coating formulas appear to offer beneficial 
effects in maintaining hatchability to parts of the broiler industry where 
storage time is an issue.

Key Words: hatching eggs, egg coating, hatch of fertile, egg storage

    141   Selection for high feather pecking leads to reduced 
variance in gene expression at multiple loci. A. L. Hughes*1 and 
A. J. Buitenhuis2, 1University of South Carolina, Columbia, 2Aarhus 
University, Tjele, Denmark.
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Changes in gene expression in response to selection were studied 
by comparing microarray expression profiles among a population of 
domestic chickens selected for high feather pecking (FP) with a control 
population and a population selected for low FP. Although no tran-
scripts showed significant differences among populations with respect 
to mean expression scores, multiple transcripts showed reduced vari-
ance in expression scores in the high FP population in comparison to 
control and low FP populations. The reduction in variance in the high 
FP population generally involved transcripts whose expression scores 
had a negatively skewed distribution in the control population but not 
in the high FP population. Certain of these transcripts corresponded to 
genes whose expression was significantly associated with either severe 
feather pecking (SFP) or gentle feather pecking (GFP). However, the 
patterns of gene expression associated with SFP and GFP were quite 
distinct, supporting the hypothesis that very distinct underlying neural 
mechanisms underlie these 2 behaviors.

Key Words: feather-pecking, gene expression, microarray, selection

    142   Broiler preference for light color. R. Rierson,* M. Barrios, 
N. Graham, C. Hancock, C. M. Rude, and R. S. Beyer, Kansas State 
University, Manhattan.

Little research has been done regarding broilers preference for lighting. 
This experiment was conducted using pens that were 5 × 12 feet in area. 
Forty broiler Cobb 500 Chicks were grown on the floor on fresh litter 
to 21 d of age. Incandescent house lighting was used throughout the 
duration of the trial, and all pens were given ad libitum access to feed 
and water. Small, 16 × 16 sq. in. wooden boxes were constructed and 
provided constant access for the birds. The boxes had a single opening 
with a full bottom, top, and 3 sides. Holes were drilled in the top and 
25 W incandescent light bulbs were positioned inside. Boxes were put 
into the pens and were used as feeders throughout the duration of the 
trial. This provided a constant option for the birds to acclimate to the 
box feeding method. Light trials were conducted weekly. A runway 
10 ft long and 5.3 ft wide was built and boxes were placed together 
at one end. On test day, blue, green, red, and white light bulbs were 
placed in the individual box feeders. Light intensities were measured 
and adjusted so that all were equal. Chicks were taken off of feed for 
3 h and then placed on the runway in pairs, and then were allowed to 
choose which light color they preferred during feeding. A choice was 
officially recorded the moment the bird attempted to obtain feed. Four 
replications occurred resulting in 160 total runs. If a bird did not make a 
choice within 5 min it was recorded as undecided. On average wk 1–3, 
birds preference for white light was 53.1%, red was 26.3%, blue was 
5.0%, green was 10.0%, and 5.6% of birds were undecided. As birds 
aged they had an increasing preference for white light and a decreasing 
preference for red light. In wk 1, 43.1% of birds preferred white and 
30.0% preferred red. By wk 3, 64.4% of birds showed preference for 
white light and only 20.6% showed a preference for red light. The data 
concluded that chicks have a preference for specific light colors and 
these preferences are subject to change as age increases.

Key Words: preference, light, light color, broiler preference, feed

    143   Distance between feeders and waterers affect body 
weight and bone breaking strength in young broilers. E. A. Cruz-
Hernandez1,2, G. Casco-Montenegro1, A. Pro-Martinez2, and C. A. 
Ruiz-Feria*1, 1Texas A&M University, College Station, 2Colegio de 
Postgraduados, Montecillos, Mexico State, Mexico.

Increased physical activity may improve leg strength and walking abil-
ity. The aim of this study was to measure effects of increasing distances 
between feeders and waterers on body weight (g), tibia breaking strength 
(kg*m/s2) and tibia ash (% of dry weight) in broiler chickens. One d-old 
broiler chicks (n = 90) were wing banded and housed in a floor pen and 
brooded using current industry practices. All birds received water and 
feed (NRC, 1994) on an ad libitum basis. At d 5, the chicks were ran-
domly assigned to one of 3 treatments consisting of different distances 
between waterers and feeders: 1 m (1M), 3.3 m (3M), or 6.6 m (6M). At 
d 21 all birds were weighed, and 10 birds per treatment were killed and 
the tibiae collected and stripped from flesh to test breaking strength (BS) 
followed by total tibia ash. Data was analyzed as a one-way ANOVA 
(SigmaStat). Birds in the treatment 6M were lighter (P < 0.01; 686 ± 
17) than birds in the 1M (744 ± 17) and 3M (786 ± 17) treatments, with 
no difference between birds in the 3M and 6M groups. Tibia breaking 
strength was also lower (P < 0.05) in 6M birds (120.2 ± 7.4) compared 
with birds in the 1M (148.6 ± 7.4) and 3M (164.1 ± 7.4) treatments, 
with no difference between birds in the 3M and 6M groups. Also, birds 
in the 3M group tended to be heavier and had a stronger tibia than birds 
in the 1M treatment. Tibia ash was not different among treatments. This 
results show that feeder and water separation may have important effects 
on growth performance and bone integrity. Further studies are required 
to see if the differences persist at older ages

Key Words: broilers, bone, walking

    144   Field demonstration of advanced lighting technologies for 
poultry houses. S. E. Watkins, H. L. Goodwin, G. T. Tabler, J. Lacy, 
and S. M. Sullivan,* University of Arkansas, Fayetteville.

Utilization of solid side wall barns in the broiler industry to reduce 
heating costs as well as create a more uniform environment has, 
unfortunately, increased electricity costs. The University of Arkansas 
installed energy efficient lighting after an energy audit determined the 
fastest way to reduce energy cost was through lighting (Phil Watkins, 
AEP). A demonstration is underway to evaluate and then implement 
energy efficient lighting in tunnel ventilated poultry barns. The objective 
of this demonstration is to assess alternative, energy-efficient lighting 
systems. Lighting sources at the focus of this demonstration are; cold 
cathode, dimmable compact fluorescent, and Light Emitting Diode 
(LED). Nineteen Demonstration farms have been selected to represent 
different bird slaughter weights and bird management styles. Two farms 
have been fitted with 2 sub-meters each to measure only electric used for 
lighting. One meter measures kilowatt hours (KwH) for a barn with all 
incandescent lighting while the second meter measures KwH for a barn 
with LED and compact fluorescent lighting. All farms were provided 
either 23 or 26 W non-dimmable compact fluorescent lamps for brood 
lights. Preliminary findings indicate an energy savings of 1783 KwH 
after one flock, per house, when comparing the PS LED to the incan-
descent. A difference of 1265 KwH was discovered when comparing 
the Nex Gen Led with the incandescent. At an average of 10 cents per 
KwH the savings are $178 and $126 respectively per house. It has also 
been indicated that flock performance has not been jeopardized with 
the dimmable compact fluorescent nor for any of the LEDs. However, 
farms retrofitted with the 2700 Kelvin 8 W cold cathode may need to 
adjust their lighting management to maintain flock weight gain. Results 
will be shown at time of presentation.

Key Words: LED lighting, energy savings, poultry lighting, fluorescent 
lighting, tunnel ventilated poultry houses
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    145   Effects of Originial XPC on performance of layers. K. 
E. Anderson1 and J. Frank*2, 1North Carolina State University, 
Raleigh, 2Diamond V, Cedar Rapids, IA.

Laying hens (11 white and 7 brown strains; approximately 17 weeks of 
age; n = 9594) were utilized in a 16 week study to determine the effect 
of Saccharomyces cerevisiae fermentation product (Original XPC) on 
hen day and hen housed production, egg weight, size, and quality, and 
feed conversion. Hens were housed at 2 densities (497 or 471 sq cm 
with 5 or 7 hens/cage) within 2 production houses (approximately 13 
replicates per strain x density combination). Treatments were: Control 
and XPC (0.68 kg/ton feed). Egg weights and sizes were recorded 
from the previous 24 h production for every 28 d period starting at 119 
d of age. Percentages of eggs within each size category, average egg 
weight, and average egg mass were calculated. Egg shell strength was 
determined from a subset sample of eggs (6 eggs from 3 replicates per 
strain per density during each period) using a Texture Technologies 
TA-XT2i texture analyzer. Breaking force was defined as the force in 
grams required to fracture the shell. Egg quality was determined using 
USDA grades. Feed was provided ad libitum and was weighed back 
every 28 d by replicate group. Feed intake, feed cost, feed/dozen eggs, 
and feed per unit of egg mass were calculated. Data was analyzed 
separately for white and brown strains using PROC GLM of SAS. LS 
Means that were significant were separated using PDIFF. For white 
and brown strains, hen day and hen house production, feed per bird per 
day, and percentage of extra large eggs was greater (P < 0.05) for hens 
supplemented with XPC. Percentage of leakers and medium size eggs 
were lower (P < 0.05) for hens supplemented with XPC. White strains 
of hens supplemented with XPC had greater (P < 0.05) percentage of 
grade A eggs and egg albumen concentrations, and lower (P < 0.05) 
percentage of checks. Brown strains of hens had greater (P < 0.05) 
shell strength and elasticity. The results indicate that supplementation 
of XPC can improve egg production and egg quality in white and brown 
strains of laying hens.

Key Words: layers, Saccharomyces cerevisiae fermentation product, 
egg production, egg quality, feed conversion

    146   Bacillus subtilis (GalliPro Max) significantly improves 
production parameters in laying hens. V. Ribeiro1, L. F. T. Albino1, 
I. Knap*2, A. B. Kehlet2, and H. S. Rostagno1, 1Universidade Federal 
de Viçosa, Viçosa, Brazil, 2Chr. Hansen A/S, Hoersholm, Denmark.

A trial was conducted with the objective to evaluate the effect of a direct 
fed microbial addition (Bacillus subtilis DSM 17229, GalliPro Max) 
to layer diets on the hen performance from 25 to 45 weeks of age. The 
parameters evaluated were egg production (EP), egg weight (EW), egg 
mass (EM), feed intake and feed conversion per g of egg mass (FCE). A 
total of 180 Hy-Line layers (25-week-old) were housed in cages (25 × 
40 cm) 2 hens per cage, with a total floor space of 1000 cm2. The birds 
were fed diets formulated to contain corn, soybean meal with adequate 
nutrient levels, following the recommendations of the Brazilian Tables. 
The 3 dietary treatments were 0 (Control), 4E5 or 8E5 cfu of B. subtilis 
per gram of feed. A randomized block experimental design, with 3 treat-
ments, 10 replicates with 6 hens each was used. The experiment lasted 5 
periods of 28 d. When compared with the control treatment, egg produc-
tion was significantly improved by 2.6% (from 89.45 to 91.80%), egg 
weight by 1.4% (from 59.97 to 60.84 g) and egg mass by 3.7% (53.68 to 
55.72 g/day) when B. subtilis DSM 17229 was added to the diet by 8E5 
cfu/g feed. In addition feed conversion per gram of egg was improved 
by 3.5 points (from 1.778 to 1.735 g/g) when B. subtilis DSM 17229 

was added in a concentration of 4E5 cfu/g feed. In this experiment, it 
can be concluded that B. subtilis DSM 17229 significantly improves 
production parameters and feed conversion in layers when added to a 
standard diet. Depending on customer requirements B. subtilis DSM 
17229 at 8E5 cfu/g feed can be recommended for high egg production 
while B. subtilis DSM 17229 4E5 cfu/g can be recommended as the 
most economic choice.

Key Words: Bacillus subtilis, direct fed microbial, laying hens, egg 
production, feed utilization

    147   Yeast derivatives as dietary supplements for broiler chickens: 
Effect on performance and intestinal microflora enumeration of 
broilers exposed to Salmonella pullorum. S. Haldar1, C. L. Walk*2, 
and M. R. Bedford2, 1West Bengal University of Animal and Fishery 
Sciences, Kolkata, India, 2AB Vista Feed Ingredients, Marlborough, 
Wiltshire, United Kingdom.

Six-hundred, day-old, male broiler chicks were randomly assigned to 6 
dietary treatments of 8 replicate pens of 12 birds/pen. Dietary treatments 
were a control (C) formulated according to Ross nutrient requirements, 
C plus 0.4 g/kg bacitracin methylene disalicylate (BMD), C plus 0.1 g/
kg yeast A, B, C, or D. Feed and pen weights were recorded weekly and 
BW gain (BWG) and FCR were calculated. On d 25, intestinal samples 
were obtained from the duodenum, jejunum, and ileum from 8 birds/
dietary treatment for evaluation of Escherichia coli, Salmonella spp., 
and Lactobacillus spp. cfu. On d 45, 10 birds/dietary treatment were 
segregated into floor pens and orally gavaged with Salmonella pullorum. 
Seven days post-inoculation, the birds were killed and intestinal samples 
were obtained for microflora counts as reported earlier. Yeast C and D 
improved (P < 0.05) BWG and FCR compared with the NC. There were 
no other dietary treatment associated differences in BWG or FCR. At d 
25, yeast supplementation or BMD generally increased (P < 0.05) the 
number of E. coli and Salmonella spp. cfu along the small intestinal 
wall and decreased (P < 05) the number of E. coli and Salmonella spp. 
cfu in the lumen compared with the NC. In general, Lactobacillus spp. 
were not affected (P > 0.05) by dietary treatments. After oral inoculation 
with S. pullorum, E. coli cfu were increased (P < 0.05) along the small 
intestinal wall of broilers fed yeast D and reduced (P < 0.05) in the 
intestinal lumen of broilers fed yeast B and D compared with all other 
diets. Salmonella spp. cfu were reduced (P < 0.05) along the intestinal 
wall of broilers fed yeast B compared with the NC, yeast C, or yeast 
D and increased (P < 0.05) in the lumen of broilers fed yeast D and 
BMD compared with yeast A. The results indicate that oral inoculation 
with S. pullorum altered the microflora of the gastrointestinal tract and 
E. coli and Salmonella spp. present in the luminal compartment of the 
gut were more sensitive to yeast supplementation compared with those 
attached to the mucosal surface.

Key Words: broiler, yeast, gut microflora

    148   New Bacillus subtilis (GalliPro Max) significantly improves 
broiler production both in combination with antibiotic growth 
promoter (AGP) and without AGP. I. Knap* and A. B. Kehlet, Chr. 
Hansen A/S, Hoersholm, Denmark.

Bacillus spores are ideal as DFM due to termostability and consis-
tent performance. As the spores enter the small intestine, they start 
germinating. The vegetative Bacillus cells grow and multiply in the 
intestine. The probiotic effect of Bacillus is due to its immune stimula-
tion, production of metabolites and pathogen exclusion. A new strategy 
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has been invented to select for Bacillus spores with fast outgrowth at 
a high bile salt level and at the same time with increased production 
of metabolites. The first product developed based on this technology is 
GalliPro Max. Several trials have been conducted both in combination 
with bacitracin methylene disalicylate (BMD) and without BMD. The 
new Bacillus subtilis (NBS) gave a significantly effect in a trial with a 
US commercial corn-soybean meal based diets on top of 55 ppm BMD. 
(1080 male Cobb x Cobb broilers, 3 diets for 42 d with 8 replicates and 
45 birds per experimental unit) Diet 1) control, Diet 2) BMD added at 
a level of 55 ppm, Diet 3) NBS added at a level of 8E5 cfu/g feed + 
BMD at 55 ppm. FCR at d 42 was significantly (P < 0.05) improved 
by 7 FCR points (1.720) using NBS + BMD compared with only BMD 
(1.790). In a Brazilian trial the NBS gave a significantly effect with a 
Brazilian commercial corn-soybean meal based diets compared with 
BMD (504 male birds commercial strain (Cobb), 3 diets for 42 d with 
8 replicates and 21 birds per experimental unit) Diet 1) control, Diet 
2) BMD added at a level of 55 ppm, Diet 3) NBS added at a level of 
8E5 cfu/g feed. FCR at d 42 was significantly (P < 0.05) improved by 
3 FCR points using NSB (1.705) compared with only BMD (1.734). In 
conclusion, these results showed that the new Bacillus subtilis (GalliPro 
Max) significantly improved production parameters when added to a 
commercial grade diet containing an antibiotic growth promoter and 
also significantly improved production parameters compared with an 
antibiotic growth promoter.

Key Words: Bacillus subtilis, BMD, broiler, feed utilization, direct-
fed microbial

    149   Impact of a protease enzyme on the performance of 
commercial tom turkeys. J. L. Grimes*1, K. K. Krueger2, and 
J. J. Wang3, 1North Caroina State University, Raleigh, 2Diamond 
K Research, Marshville, NC, 3BioResource International, Inc., 
Morrisvile, NC.

A trial was conducted to determine the effect of a heat stable protease 
(Cibenza DP100) on the growth performance and carcass yield of com-
mercial tom turkeys. Seven hundred Nicholas 700 strain poults were 
reared to 5 wk on a common diet with or w/out enzyme (2 lb/ton). 
Poults were reared from 5 to 20 wk on high (HP) or low protein (LP) 
diets with or w/out enzyme (12 pens per treatment, 14 birds per pen). 
Performance (BW and feed conversion, FC) was determined at 5, 10, 
15 and 20 wk. Carcass yield was determined at 20 wk on 60 birds per 
treatment from the 5 pens with mean BW closest to the treatment means. 
Data were analyzed using GLM of SAS for a 2x2 factorial design (P < 
0.05). The enzyme supplemented in the diet improved BW at each age. 
The LP reduced BW at 5 and 10 wk but not 15 or 20 wk. The FC was 
not different between treatments at 5, 15, or 20 wk. At 10 wk, birds fed 
HP with enzyme had significantly lower FC than birds fed LP. There 
were no treatment effects on carcass yield. Cibenza DP100 improves 
the growth performance of commercial turkey toms.

Key Words: turkey, enzyme, protease, growth, feed conversion

    150   CIBENZA DP100 protease improves broiler performance 
with reduced amino acid density diets. O. Gutierrez* and R. E. 
Buresh, Novus International, St. Charles, MO.

Two trials were conducted to determine the effect of feeding Cibenza 
DP100 on broiler performance and processing characteristics. Both trials 
were conducted at a commercial research facility in floor pens. In Trial 
1, male Cobb broilers were grown to 42 d of age in pens containing 45 
broilers per pen and there were 8 replications of each treatment. In Trial 
2, there were 10 replications of pens containing 20 male broilers per pen. 

The 3 treatments were (1) Control, (2) Negative Control (amino acids 
reduced to equal recommended amino acid credit from DP100), and 
(3) Negative Control + DP100 at the rate of 1.0 pound per ton of feed. 
The DP100 inclusion was formulated using the recommended amino 
acid values which account for a reduction of amino acids in the diets 
of approximately 7.5%. All diets were corn and soybean meal based 
containing 2.5% DDGS and 2.5–3.75% of a commercial animal protein 
blend. All diets also contained a phytase and a β-mannanase, each at 
the recommended levels. Body weight, feed consumption and mortality 
were measured at 19, 35 and 42 d of age. Weight gain and adjusted feed 
conversion were calculated. Samples of the birds in the second trial were 
processed for yield evaluation. There were no significant differences 
between any of the treatments for 42 d body weights in both trials. In 
Trial 1, adjusted feed conversion was significantly poorer for the Nega-
tive Control (P = 0.065), but there was no difference between the Positive 
Control and the DP100 treatment. In Trial 2, the adjusted feed conver-
sion differences showed similar trends but were significant at P < 0.05. 
The processing results from Trial 2 indicated no significant differences 
between treatments for the primary parameters of carcass yield, breast 
meat yield and carcass fat. These data demonstrate that Cibenza DP100 
can be incorporated into broiler diets at the recommended matrix values 
and maintain broiler performance and yield parameters.

Key Words: protease, broiler, performance, processing parameters

    151   Evaluation of protease supplementation on corn-SBM 
broiler diets reduced in crude protein and amino acids. M. Hidalgo* 
and H. Hidalgo, Universidad de Chile, Chile.

An experiment was conducted to evaluate the effect of a commercial 
protease (Cibenza DP-100) fed to broilers from 5 to 20 d of age. Straight 
run Ross 308 chicks (150) were placed across 25 pens of grow-out bat-
tery (6 birds/pen, 5 reps/trt). All birds were fed a corn-soybean meal 
diet (23% PC, 3.025 kcal/kg) adequate in all nutrients for the first 4 
d. Experimental diets were fed from 5 to 10 d of age for the starter 
diets and 11 to 20 d for the grower diet. For each experimental period 
the 5 dietary treatments used were as follows. A positive control (PC) 
formulated to Ross 308 recommendations. A negative 1 diet (N1) was 
achieved by 7,5% reduction in total protein and amino acids levels from 
the PC. A protease 1 (P1) diet was designed using N1 specifications 
with the enzyme formulated using a matrix of 7,5% for crude protein 
and amino acids. A negative 2 (N2) diet was achieved by 5% reduction 
in total protein and amino acids levels from the PC. A protease 2 (P2) 
diet was designed using N2 specifications with enzyme formulated 
using a matrix of 5% for crude protein and amino acids. Body weight 
F:G and feed consumption were determined at 11 and 21 d of age. Data 
were analyzed by ANOVA. Body weight of negative 1 and negative 2 
fed broilers was reduced (P < 0.05) compared with control (PC) and 
protease (P1 and P2) supplemented fed broilers on d 20. The increase 
in body weight in the P1 and P2 diets compared with their negative 
control was 9 and 13% respectively. An increase (P < 0.05) in feed 
conversion was also observed through the grower period in the negative 
2 diet compared with P2 treatment. The data suggest that the use of a 
commercially available protease enzyme would allow for diet protein 
and AA reductions.

Key Words: protease, protein reduction, enzyme

    152   Effect of protease on broiler chickens performance fed with 
pellet diet. B. F. Iglesias*1, J. O. Azcona1, G. Britos2, M. V. Charriere1, 
and J. O. B. Sorbara3, 1INTA, Pergamino, BA, Argentina, 2DSM 
Nutritional Products, Tortuguitas, BA, Argentina, 3DSM Nutritional 
Products, Sao Paulo, SP, Brazil.
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An experiment was conducted to evaluate the effect of a protease 
(RONOZYME ProAct) on broiler diets from 1 to 48d of age. A total 
of 240 d-old male Cobb 500 broiler chicks were randomly allocated 
across 28 floor pens (15 birds/pen, 7 reps/trt). The experiment consisted 
of a 2x2 factorial arrangement including 2 protein levels (standard 
and low) and 2 enzyme levels (0 and 200 ppm). All birds were fed a 
pelleted corn-soybean meal diet. Pelleting temperature was 80°C and 
retention time was approximately 30sec. Body weight (BW) feed intake 
(FI) and feed conversion ratio was corrected by mortality (FCR) and 
was recorded weekly. Standard protein level was according to typical 
Argentinean poultry industry diets (23.6%, 20.7%, 19.1% and 18.1% 
for starter, growing, finisher and last week, respectively); low protein 
diets was formulated with 6% less crude protein and amino acids (lysine, 
methionine and threonine) than standard diets. No differences were 
found due to diets or enzyme inclusion in FI, except at 7d where a larger 
feed intake in low protein (LP) compared with standard diet (SD) was 
observed. Chickens from SD were heavier than ones from LP diet (P ≤ 
0.05 at 21, 28 and 48d). Chickens fed with protease were heavier than 
ones without enzyme. This difference (1.9%) was significant at 48d 
despite of the dietary protein level. An interaction diet by enzyme was 
observed at 14, 35 and 42d; in these cases, differences were significant 
(P ≤ 0.05) only when protease was added to LP diet. There was no 
interaction between diets and enzyme levels in FCR. Birds fed SD had 
better FCR than birds fed LP diet, significant differences were found 
at 7, 14, 35, 42 and 48 d. Protease always improved FCR (between 1.0 
and 1.9%) and these differences were significant (P ≤ 0.05) at 7, 14, 35 
and 48d. In conclusion, 6% reduction in protein, lysine, methionine and 
threonine negatively affects the broiler performance compared with the 
standard diet. The inclusion of protease improves BW and FCR both in 
LP and standard diets and was able to overcome the performance losses 
by the 6% reduction in protein and amino acids.

Key Words: amino acid, enzyme, protease, protein

    153   A comparative examination of the effect of β-mannanase 
(Hemicell) on broiler chicken performance to 42 days provided 
with corn-soybean meal diets at varying levels of soybean meal. M E 
Jackson*1, H Y Hysiao1, D M Anderson1, and G W Mathis2, 1ChemGen 
Corp, Gaithersburg, MD, 2Southern Poultry Research, Athens, GA.

β-mannan is a polysaccharide found in soybean meal and other plant 
proteins. β-mannan is known to have powerful negative effects on animal 
health and performance by creating wasteful stimulatory effects on the 
innate immune system. It also has been shown to negatively interfere 
with insulin secretion and glucose metabolism. A large proportion of 
β-mannan in broiler diets originates from soybean meal. The proposed 
trial is intended to determine the degree to which beneficial effects of 
β-mannanase (Hemicell) are influenced by soybean meal on male broiler 
performance when formulated into practical rations. A 42-d pen trial 
was conducted in floor pens with 50 male Cobb × Cobb birds per pen, 
4 diets, and 8 replications. Individual body weights were determined at 
42 d of age. Dietary treatments were: (1) Low soybean meal control; (2) 
as (1) plus β-mannanase; (3) High soybean meal control; (4) as (3) plus 
β-mannanase. The control diets were formulated with similar, practical 
nutrient levels and contained 10–18.6% soybean meal in the low regimen 
and 27.5–37.5% soybean meal in the high regimen. Poultry meal and 
DDGS were used to balance the diets in the low soybean meal diets. At 
42 d of age, birds were 6.7% heavier and had feed conversion 15.6 points 
better in the higher soybean meal treatment (P < 0.05). Body weight 
uniformity as measured by % CV was significantly better in the higher 
soybean meal treatment (P < 0.05). β-mannanase increased weights by 
0.7–0.8% (NS) and improved feed conversion by 4.5 and 9.5 points (P < 
0.05) in the high and low soybean meal diets, respectively. Body weight 

uniformity improved equally in both soybean meal regimens (NS). The 
experiment demonstrated that the efficacy of β-mannanase is not depen-
dent on the presence of high levels of β-mannan in the diet.

Key Words: β-mannanase, broilers, soybean meal

    154   Holo-analysis of the efficacy of a xylanase in corn-based 
broiler diets; pitfalls and challenges. H. V. Masey O’Neill,* C. 
L. Walk, T. Santos, and M. R. Bedford, ABVista feed Ingredients, 
Marlborough, Wiltshire, United Kingdom.

A series of experiments was conducted investigating the efficacy of 
Econase XT, a xylanase derived from Trichoderma reesei, in improving 
the FCR of broilers fed diets predominantly based on corn. One-hundred 
and 33 data points representing the starter and average of all dietary 
phases were entered into a holo-analysis. Data were analyzed using 
step-wise regression in JMP Statistical Software version 8.0 to deter-
mine the statistical effects of various dietary factors, enzyme dosages 
and management practises on the FCR response to Econase XT. Factors 
significantly (P ≤ 0.05; R2 = 0.42) affecting the FCR response included 
log dose of Econase XT, inclusion rate of Ca, Na, energy, limestone, corn, 
and total added fat and the presence or absence of antibiotics in the starter 
phase. In addition, the inclusion rate of Ca, Lys:ME, and the presence 
or absence of antibiotics in overall dietary phases also significantly (P ≤ 
0.05) affected the response to Econase XT of broiler FCR. For example, 
in the current model, Ca and Na in the starter phase are negatively and 
positively correlated, respectively (P = 0.0131; P 0.0001) with the effect 
of Econase XT on FCR. These data suggests dietary Ca in the starter 
phase may improve the FCR response associated with feeding Econase 
XT. In contrast, the inclusion of dietary Na above 0.20% may negatively 
influence the effect of Econase XT on broiler FCR. These data suggests 
nutrient and ingredient inclusions, particularly in the starter phase, may 
have a significant effect on Econase XT efficacy in broilers.

Key Words: broiler, xylanase, holo-analysis, FCR

    155   A comparison of xylanase, amylase and protease effects 
on AME and amino acid digestibility in broilers fed corn/soy-
based diets with or without DDGS and canola. P. W. Plumstead*1, 
L. F. Romero1, and V. Ravindran2, 1Danisco Animal Nutrition, 
Marlborough, United Kingdom, 2Massey University, Palmerston 
North, New Zealand.

Effects of exogenous xylanase, amylase and protease (XAP) enzymes 
in corn/soy (CS) based broiler diets are well documented. However, to 
reduce feed cost, nutritionists are increasingly replacing soybean meal 
with poorer quality proteins such as DDGS and canola meal, which 
makes a comparative evaluation of XAP enzymes in these vs. CS-based 
diets of commercial interest. Effects of diet type and XAP enzymes were 
evaluated (2 × 4 factorial treatment structure) with 6 replicate cages of 5 
male Ross 308 broilers per treatment. Two broiler starter diets containing 
CS or CS with 10%DDGS and 5% canola meal (mixed diet) were fed 
from 0 to 12 d of age. At 12d one of 4 enzyme treatments were applied 
to each diet; control diet with 500 FTU/kg phytase (NC); or NC with 
either 1/2 or full dose of new XAP enzyme; single dose of a commer-
cially available XAP enzyme preparation (500g/tonne, AZ1502, Danisco 
Animal Nutrition). Excreta were collected from 17 to 20 d and pooled 
per cage to determine AMEn. At 21d, the contents of the distal ileum 
were collected, pooled per cage, and analyzed to determine apparent 
ileal digestibility coefficients of 16 different amino acids (AA). The 
respective AMEn of the NC CS (2976 kcal/kg) and mixed diets (2971 
kcal/kg) feed was increased in a step-wise manner with new XAP addi-
tion by 108 and 117 kcal/kg at the highest XAP dose (P < 0.05). The 
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respective AMEn improvement of 67 and 77 kcal/kg feed provided by 
AZ1502 addition to CS or mixed diets was not significantly (P > 0.05) 
different to full dose XAP. Average AA digestibility of 85.3% for 16 
AA in corn soy diets was higher vs. that in mixed diets (81.7%). Both 
XAP and AZ1502 increased (P < 0.05) AA digestibility in a similar 
manner, resulting in an increase in average AA digestibility of 2.55% in 
CS diets and 5.13% in mixed diets. Although effects of XAP enzymes 
on AMEn were similar for CS and mixed diets, they have the potential 
to provide a greater increment in AA digestibility when diets contained 
DDGS and canola meal.

Key Words: broiler, AME, amino acid digestibility, enzymes

    156   Performance effects of an amylase, xylanase and protease 
combination in broilers fed corn-soy based diets and mixed grain 
diets. C. E. Gilbert,* L. F. Romero, and P. Plumstead, Danisco Animal 
Nutrition, Marlborough, Wilts, United Kingdom.

A 42 d performance trial was conducted to evaluate responses to dietary 
supplementation of an enzyme complex containing xylanase, amylase 
from Bacillus licheniformis, and a subtilisin protease (XAP; X = 2,000 
U, A = 200 U, P = 4,000 U/kg feed; Danisco Animal Nutrition). Diets 
were based on either corn, corn-DDGS (5%) and soybean meal; or corn, 
wheat, wheat DDGS and soybean meal. For each diet type a positive 
control (PC) and a negative control (NC) were formulated. The NC was 
reduced by 85 kcal ME/kg and 2.5% amino acids. XAP was added to 
the NC diet. Diets were fed as mash. Birds were housed in floor pens 
with 15 birds/pen and 8 pens per treatment. Weight gain, feed intake 
and FCR were monitored during the trial. Faeces were collected d 42 
of the trial for AMEn determination. Data were analyzed by ANOVA. 
Significant differences were assessed at P < 0.05. Down specification 
of the corn/soy and mixed grain diets resulted in decreased animal 
performance. XAP increased bodyweight gain compared with the NC 
in both corn/soy and mixed grain diets from 2,702 to 2,783 g/bird (0 
to 42 d; P < 0.10) and from 2676 to 2815 g/bird (0 to 42 d; P < 0.05), 
respectively. XAP significantly (P < 0.05) improved FCR in both corn/
soy and mixed grain diets from 1.87 to 1.79 g/g and from 1.88 to 1.79 
g/g respectively. XAP was able to restore performance to the PC level 
in both diet types. Supplementation of the NC corn/soy diets with XAP 
(P < 0.05) increased AMEn from 2731 to 2890 kcal/kg (+159 kcal/kg). 
Supplementation of mixed grain NC diets with XAP increased AMEn 
from 2801 to 2892 kcal/kg (+91 kcal/kg). Both supplemented diets gave 
numerically higher AMEn values than the PC diets. There were no sig-
nificant differences between the performance of birds fed the corn/soy 
diets supplemented with XAP and the mixed grain diets supplemented 
with XAP. The results demonstrate that this particular enzyme complex 
(XAP) is suitable for both corn/soy-based diets and also diets based on 
a wider range of grains and grain by-products.

Key Words: xylanase, amylase, protease, broiler, performance

    157   Performance and ileal digestibility effects of an amylase, 
xylanase, and protease combination in broilers fed corn-
DDGS-soy based diets containing phytase. L. F. Romero*1 and 
V. Ravindran2, 1Danisco Animal Nutrition, Marlborough, United 
Kingdom, 2Massey University, Palmerston North, New Zealand.

A performance trial to 42 d and 2 digestibility trials with 11 or 21 d-old 
Ross 308 broilers were conducted to evaluate the animal response to 
dietary supplementation of an enzyme complex containing xylanase, an 
amylase from Bacillus licheniformis, and a subtilisin protease (XAP; 
X = 2000 U/kg, A = 200 U/kg, P = 4000 U/kg; Danisco Animal Nutri-
tion), as compared with a negative control diet containing 500 FTU/kg 

of E. coli phytase. Diets were based on corn, corn-DDGS and soybean 
meal, and were reduced by 100 kcal of ME/kg, 0.12% available P, and 
0.10% Ca compared with Ross specifications. Each trial consisted of 2 
dietary treatments (control and XAP) with 6 replicates per treatment. 
Ileal energy and protein digestibility were determined both at 11 and 
21 d, whereas starch and fat digestibility were measured only at 21 d 
to assess their relative contributions to digestible energy. Data were 
analyzed by ANOVA and significant differences were assessed at P < 
0.05 unless otherwise stated. XAP increased BW gain from 3,159 to 
3,286 g/bird (0 to 42 d; P < 0.01) and reduced FCR from 1.638 to 1.596 
g/g (P = 0.06) compared with the control treatment. XAP increased 
ileal digestible energy from 3,088 to 3,267 kcal/kg DM at 11 d (+179 
kcal/kg DM), and from 3,191 to 3,265 kcal/kg DM at 21d (+74 kcal/kg 
DM) with an average increment in ileal digestible energy of 127 kcal/kg 
DM (P < 0.001). XAP increased ileal starch digestibility from 92.7 to 
97.5% (P < 0.001), and fat digestibility from 86.2 to 89.9% (P < 0.01) 
versus the control diet. Increments in ileal digestible starch (+14.2 g/kg; 
P < 0.05), fat (+2.3 g/kg; P < 0.05), and protein (+1.9 g/kg; P > 0.05) 
accounted for 59.7 kcal/kg, 21.5 kcal/kg and 10.6 kcal/kg, respectively, 
of the energy digestibility effects of XAP compared with the control 
diet; therefore, a total of 91.8 kcal/kg was explained by the improvement 
in the digestibility of these substrates at 21 d. The increment of energy 
digestibility of XAP on top of phytase (100%) was explained, in order 
of magnitude, by increments in the apparent ileal digestibility of starch 
(65%), fat (23%), and protein (12%).

Key Words: amylase, broiler, protease, xylanase

    158   Response of broiler strains to nutritionally adequate corn-
soybean vs corn-soybean-meat-feather feeds and to ones given 
multiple supplemental enzymes with adjustment for ME and P. 
E. T. Moran*1 and E. E. M. Pierson2, 1Auburn University, Auburn, 
AL, 2Danisco Animal Nutrition, St Louis, MO.

Differences exist among broiler strains in their live performance and 
carcass composition and affect their nutritional need. Response of dif-
ferent strains (A and B) to changes in feed formulation and inclusion of 
additives that alter nutrient availability were compared. Breeder flocks 
(A-37 wks; B-34 wks) from separate commercial sources provided eggs 
that were hatched at Auburn University. Chicks were feather-sexed and 
spray vaccinated for coccidiosis (Coccivac-D; Schering-Plough) then 
15 males placed in each of 64 used litter pens, respective of strain, 
and without limitation to feed, water and light. Feeds (pelleted) were 
formulated either completely on corn and soybean meal or maximally 
included meat meal (5%) and feather meal (2%) based on actual feedstuff 
analyses. Control feeds 0–3, 3–6, and 6–8 weeks of age relied on com-
mercially accepted values for nutritional requirements when greater than 
NRC (1994). Corresponding feeds supplemented with Avizyme1502 
and Phyzyme XP TPT (Danisco) which together provided (per kg diet) 
xylanase (300 u/kg), α-amylase (400 u/kg), protease (4000 u/kg), and 
phytase (500 FTU/kg) had feedstuff adjustments resulting in a loss of 
100 kcal/kg and 0.10% available P. Body weight gains 0–8 weeks of 
age were similar for all treatments (4514g). A significantly greater F/G 
occurred for strain A than B (1.96 vs 1.87) and was the only difference 
in live performance. Carcasses from A had additional abdominal fat 
(2.13% vs 1.67%) which led to reduced chilled yield upon its removal 
compared with B (71.0% vs 72.1%). Fillets, tenders and skinless bone-
less thigh meat, as well as femur strength were also in lesser quanti-
ties with A than B. The only differential response among treatments 
involved a failure of fillets with A to increase to the same extent as B 
using enzymes. Although many other differences existed between A 
and B, the relative advantage of supplemental enzymes to feeds having 
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    160P   Co-infections of Aspergillus fumigatus and Velogenic 
Newcastle Virus in commercial broiler farm in North Iran, 2010: 
The first case report. A. Ghalyanchi Langerudi*1,3, H. Hosseini2, 
F. Tahmasebi3, A. Barin1, V. Karimi1, M. Sotoodeh3, and A. Shojaee 
Estabragh4, 1Department of Clinical Sciences, Faculty of Veterinary 
Medicine, University of Tehran, Tehran, Tehran, Iran, 2Faculty of 
Veterinary Medicine, Azad University, Karaj, Tehran, Iran, 3KISOM 
Broiler Production Company, Rasht, Gilaun, Iran, 4Pasteur Ins of 
Iran, Karaj, Tehran, Iran.

A case of high mortality (53%) in a broiler flock (21 day) having nervous 
system problems has been reported in North Iran (Gilaun Province), 
2010. Dyspnea, Stargazing, torticollis, lack of equilibrium, and stunting 
were observed clinically. For clarifying the cause of this high mortality, 
the following works have been done. Sample (Brain) collection was 
performed according to the standard method from suspected clinical 
broiler for isolation of Newcastle Disease Virus (NDV). Ten-day-old 
SPF embryonated chicken eggs were inoculated. The presence of viruses 
was determined by hemagglutination assay (HA). The identification of 
viruses subtype was determined by a standard hemagglutination inhibi-
tion (HI) and RT-PCR. For detection of virulence of isolate, real time 
PCR (Taqman) and virological techniques has been used. For mycologi-
cal studies, culture for mycoses has been done from brain. The mycology 
test revealed that Aspergillus fumigatus has been isolated. HA and HI 
testes have been characterized the NDV. Also the RT-PCR reaction has 
been confirmed the NDV and Real Time PCR (Taqman) and virologi-
cal examinations confirmed that the isolate belong to velogenic strains 
Category. It was concluded that the pathogenicity of Newcastle disease 
virus was enhanced when occurring in combination with Aspergillus. 
Also of interest was the first report of this Co infection in Iran. The more 
molecular epidemiology survey should be done on recently NDV isolate 
for sequence analysis and phylogenetic study.

Key Words: Aspergillus fumigatus, Newcastle Disease Virus, Iran, 
PCR, Taq Man Real Time PCR

dry distillers grain with solubles; the ME, Ca and Avail. P content were 
reduced by 200 kcal/kg, 0.1% and 0.1%, respectively, in both NC diets 
compared with the PC) and 3 formulations (GS = all ground sorghum; 
WS = 20% WS replaced 20% GS; and WS+PHY = 20% WS + 150 g of 
Ronozyme-P (CT)/ton of feed as source of PHY). No statistical differ-
ences were observed between the PC and the rest of the treatments for 
any of the response variables. The weight gain of broilers was greater 
(P < 0.10) on the NC2 compared with the NC1 diet. Regardless of 
diet, the feed conversion ratio (P < 0.05) and the dry matter and energy 
retention (P < 0.10) were greater for WS+PHY compared with GS and 
WS formulations. Also, the AMEn (kcal/kg of feed) was higher (P < 
0.05) for WS+PHY (2967) compared with GS (2824) and WS (2875) 
formulations. The AMEn for the PC diet was 2972 kcal/kg of feed. In 
summary, the combination of 20% WS plus PHY added to low-density 
diets improved the feed conversion ratio and the energy value of feed 
compared with diets formulated with GS or 20% WS. The growth and 
the energy use were comparable between broilers fed low-density diets 
added with 20% whole sorghum plus a phytase versus broilers fed a 
normal nutrient control diet.

Key Words: whole sorghum, phytase, nutrient retention, AMEn, broiler 
chickens

reduced ME and AP were all consistent in response, regardless of meat 
and feathermeal useage.

Key Words: broiler strains, enzyme supplements, feather meal, meat 
meal

    159   Effect of whole sorghum, a phytase and diet formulation 
on the energy value of low-density diets for finishing broilers. S. 
Gómez*1,2, M. L. Angeles1, E. Ramírez1,2, and S. Fernández3, 1INIFAP, 
Ajuchitlan, Queretaro, Mexico, 2FESC-UNAM, Ajuchitlan, Queretaro, 
Mexico, 3DSM Nutritional Products Mexico SA de CV, El Salto, 
Jalisco, Mexico.

An experiment was carried out to evaluate the growth performance, 
nutrient retention and the apparent metabolizable energy corrected to 
zero nitrogen retention (AMEn) of low-density diets added with whole 
sorghum (WS) and a phytase (PHY) in broilers from 28 to 42 d of age. 
Seventy Ross B308 male broilers, individually fed, were assigned to 7 
dietary treatments: A Positive control (PC) sorghum-soybean meal diet 
(SSBM) with nutrient content according to Ross recommendations, and 
6 treatments in a factorial arrangement of 2 negative control (NC) low-
density diets (NC1 = SSBM and NC2 = SSBM plus canola meal and 
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    161P   Development of a new bacterin to prevent avian 
colibacillosis using three ExIEC (extraintestinal invasive 
Escherichia coli) Mexican strains. C. R. Rodríguez Molina1, 
N. L. Calderón Apodaca1, C. A. Eslava Campos2, and C. Rosario 
Cortés*1, 1Departamento de Producción Animal: Aves, Facultad de 
Medicina Veterinaria y Zootecnia, Universidad Nacional Autónoma 
de México, México, D.F. MEXICO, 2Departamento de Salud Pública, 
Facultad de Medicina, Universidad Nacional Autónoma de México, 
México, D.F. MEXICO.
Avian colibacillosis represents a major economic problem in the poul-
try industry. Traditionally, antimicrobials have been used to control 
clinical disease. Since the antimicrobial resistance of Escherichia 
coli has increase in recent years, an alternative to avoid the effects of 
colibacillisis could be the use of vaccines or bacterins. In the present 
study, a polyvalent bacterin (O2, O78 and O84) with strains selected 
based on their isolation frequency and lethality rate was developed. 
Forty-two one-day-old SPF chickens were inoculated subcutaneously 
with a dose of 0.1 (1 × 107 cfu) of the bacterin adsorbed on aluminum 
hydroxide. Simultaneously, another group of 32 SPF chickens (control 
group) received 0.1 mi of sterile SSF through the same route. Before 
the immunization, serum samples from all chickens were obtained 
and evaluated by ELlSA. Antibodies titers were evaluated weekly for 
7 weeks. Results show that pre-immune chickens reacted against O2 
(84%),O78, (61%), and O84 (82%). These reactions remained positive 
against O78 and O84 until 11th day, and against O2 until 18th day of 
age in both groups. In the other hand, response to the bacterin against 
O2 started on the sixth week of age, while O78 antibodies were not 
seen and against 084 started from the fourth week until the end of the 
study. Immunoblotting demonstrated specificity of antibodies against 
LPS components. Although it was not possible to assess the correlation 
between antibody production and protection in immunized birds, the 
antibodies may play an important role in the avian colibacillosis control 
and may contribute to the clearance of bacteria through phagocytosis, 
post-opsonization or activating the complement system.
Key Words: bacterin, Escherichia coli, colibacillosis, poultry
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    162P   Prevalence (flock-level) of Eimeria species among broiler 
chicks in north of Iran, 2010. A. Ghalyanchi Langerudi*1,2, H. 
Hosseini1, F. Tahmasebi2, M. Sotoodeh2, and A. Shojaee3,1, 1Department 
of Clinical sciences, Faculty of Veterinary Medicine, University of 
Tehran, Tehran,Tehran,Iran, 2KISOM Broiler Production Company, 
Rasht, Gilan,Iran, 3Pasteur Ins of Iran, Karaj,Tehran, Iran.

Coccidiosis in chickens is one of the major problems of poultry industry 
that is caused by protozoan parasites of genus Eimeria. It is responsible 
for significant economic losses to the worldwide poultry industry. Eime-
ria spp. oocysts can be spread to poultry houses by mechanical routes. 
The objective of present study was to determine prevalence of Eimeria 
species among broiler chicks in north of Iran, 2010. Six chicks (2–7 
weeks of age) were taken randomly from each of broiler farms (Size of 
flocks: 800,000) in north of Iran, Gilan Province in 2010, these chicks 
were submitted for postmortem and parasitological examinations. Three 
Eimeria spp. were identified: E. acervulina, E. tenella, E. maxima. 
The overall prevalence of Eimeria spp. among examined farms was 
88%. E. tenella was the most prevalent species (55%) followed by E. 
acervulina (35%) and E. maxima (10%). Chickens with 5 weeks of age 
showed the highest prevalence of infestation. Prevalences did not vary 
by flock size. The prevalence of infestation increased with the age of 
the chickens. These results are in agreement with reports from other 
Iranian researchers from another province in Iran with some differences 
(correlation between environment and prevalence). Many studies the 
occurrence period of coccidiosis is related to species of Eimeria and the 
type of anticoccidial drugs. Therefore, differences in management of the 
anticoccidial programs may have contributed to this difference.

Key Words: Eimeria, Iran, epidemiology, broiler, chicken

    163P   Association between lethality assay and virulence genes 
in Escherichia coli strains isolated from poultry. G. A. Ramírez 
Barrera1, N . Ledesma Martínez1, C. A. Eslava Campos2, and C. Rosario 
Cortés*1, 1Departamento de Produccipon Animal: Aves, Facultad de 
Medicina Veterinaria y Zootecnia, Universidad Nacional Autónoma 
de México, México, D.F. MEXICO, 2Departamento de Salud Pública, 
Facultad de Medicina, Universidad Nacional Autónoma de México, 
México, D.F. MEXICO.

Escherichia coli is an important pathogen in poultry since it is one of 
the most frequently isolated from infection in broilers and laying hens, 
Despite the importance of colibacillosis, the virulence mechanisms 
employed by avian E. coli remains unknown. The aim of the present 
work was to identify the relationship between embryos chicken lethality 
and virulence genes described for the APEC in E. coli strains isolated 
from México. Multiplex PCR protocol targeting genes for aerobactin 
(iucD), iron-repressible protein (irp2), temperature-sensitive hemag-
glutinin (tsh), increased serum survival protein (iss), enteroinvasive 
mechanism (ipaH) and cytolethal distending toxin (cdtB) were per-
formed. Lethality test showed that 84 out of 173 strains were virulent, 
40 moderately virulent and 49 avirulent. The 80 2 percent of the strains 
showed at least one of the 6 genes, and only 17.34% of the strains were 
negative to all of them. The most prevalent genes were tsh (62.43%) and 
iss (54.91%) as well as their combination (17.34%). The relationship of 
embryonic lethality and gene detection showed that the percentage of 
negative strains was 44.90% for avirulent strains and 20% for moderately 
virulent strains, whereas all virulent strains possessed at least one gene. 
The present study confirmed that lethality test in chicken embryos was 
able to distinguish between virulent and avirulent isolates of E. coli in 
poultry. Likewise, there was a relationship between virulence and the 
presence of iss, and tsh genes, suggesting that these genes may play an 
important role in the pathogenesis of colibacillosis in young chickens, 

and could be used as markers in diagnosis and detection of pathogenic 
avian E. coli in Mexico

Key Words: APEC, virulence genes, lethality assay, poultry

      164P   Recombination sites in the avian gamma-coronaviruses. 
S. Thor*SC, D. Hilt, and M. W. Jackwood, University of Georgia, 
Athens.
The diversity in coronaviruses is due to adaptive evolution driven by 
high mutation rates and genetic recombination. The emergence of sev-
eral α- and β-corona viruses has been attributed to recombination but 
only recently was recombination shown to be the mechanism behind 
the emergence of a novel gamma-coronavirus, turkey coronavirus. 
Although hot spots of IBV recombination have been reported, a full 
genomic analysis has not been conducted. In this study we were inter-
ested in examining the viral genome for hot spots of recombination in 
the avian gamma-coronaviruses. This data are important to possibly 
predict recombination events that can lead to adaptive evolution and 
the emergence of new variant viruses.

Key Words: coronavirus, IBV, recombination, genomic analysis, viral 
emergence

    165P   Characterization of sequence variation in viral genomes 
of wild type and vaccine strains of infectious laryngotracheitis 
virus (ILTV) using next generation sequencing. Y. G. Chandra*SC, 

J. Y. Lee, and B. W. Kong, University of Arkansas, Fayetteville.

The study was conducted to identify the unique variations in wild type 
and vaccine strain of ILTV genomes to obtain complete information of 
mutations within the entire genomes compared with a reference ILTV 
genome sequence (Gallid herpesvirus 1, complete genome; NCBI 
Reference Sequence: NC_006623.1). Genomes of one wild type and 
2 vaccine ILTV strains were sequenced using Illumina Genome Ana-
lyzer 2X of 36 cycles of single-end read. Analysis of the ILTV genome 
sequences was carried out using DNAStar free trial software (including 
NGen, SeqMan Pro, Gen Vision), blastx and Microsoft Excel. Results 
showed many amino acid differences distributed across the viral protein 
coding regions of the 3 ILTV genomes compared with the reference 
genome sequence. The sequence differences demonstrated the spectrum 
of variability among the wild type and vaccine strains. Moreover, the 
results also revealed 52 genes with complete conservation across the 
3 strains. These data demonstrated the potential of high-throughput 
sequencing technology to yield insight the sequence variation in dif-
ferent ILTV strains that can be used to discriminate between wild type 
and vaccine strains, or among vaccines strains, and further, to identify 
newly emerging mutant strains. The conserved coding sequences among 
various ILTV strains can be promising targets to discover a universal, 
safer vaccine against ILTV.

Key Words: ILTV genome, Illumina sequencing, variation

    166P   Generation and characterization of monoclonal 
antibodies directed against influenza A virus hemagglutinin 7 and 
9. K. I . Kang*1SC, J. T. Earnest1, F. Michel2, R. J. Hogan2, and E. 
Mundt1, 1Department of Population Health, College of Veterinary 
Medicine, University of Georgia, Athens, 2Department of Anatomy 
and Radiology, College of Veterinary Medicine, University of Georgia, 
Athens.

The generation of molecular tools is necessary for efficient research 
and development of new detection methods for certain infectious dis-
eases. To this end, the hemagglutinin genes (HA) of 2 low pathogenic 
avian influenza viruses (LPAI) [A/TY/Wisc/66 (H9N2), A/TY/ORE/71 

Poult. Sci. 90 (Suppl. 1)



ABSTRACTS OF PAPERS 49

Serum samples were collected in a random sampling of chickens from 
a Tyson broiler flock over a period of 9 weeks beginning at d 4. The 
samples were simultaneously tested for antibodies against IBDV, NDV, 
IBV, and REO using Luminex Poultry Serology reagents and a stan-
dard magnetic microsphere serology protocol. This approach has the 
advantage of being able to analyze multiple analytes in approximately 
the same time as an ELISA can for one analyte. The testing showed a 
strong presence of maternal antibodies to IBDV and REO beginning at d 
4 while there was no response detected for IBV or NDV. The pattern of 
antibody response was consistent with the broiler vaccination program 
and similar to results generated with ELISA.

Key Words: vaccination monitoring, infectious bursal disease, New-
castle disease, infectious bronchitis, avian reovirus

    169P   Genotype VII velogenic viscerotropic Venezuelan Newcastle 
disease virus isolate: Live (Avinew) and killed (Gallimune ND) 
vaccination. F. Perozo*1, R. Marcano2, C. Afonso3, R. Fernadez4, and 
F. Rojo4, 1University of Zulia Veterinary College, Maracaibo, Zulia 
Venezuela, 2Universidad Central de Venezuela, Maracay Aragua, 
Venezuela, 3Southeast Poultry Research Laboratory (USDA), Athens, 
GA, 4Merial Select, Inc., Gainesville, GA.

Antigenic and genetic diversity are recognized within the Newcastle 
disease virus (NDV) isolates which are all members of the APMV-1 
serotype. Since 1926 and based on nucleotide sequence, 10 distinct 
genotypes of NDV of class II and 9 of class I have been identified. 
Most of the American virulent isolates reported during the last decade 
belonged to class II genotypes V (USA, Mexico, Cormorants) or VI 
(Pigeons), supporting a local evolutionary trend with regional viral 
dissemination. Venezuela is endemic for virulent NDV with an ongo-
ing long-lasting outbreak responsible for important losses to the local 
poultry industry. Recently, NDV from field cases was subjected to 
biological pathotyping and classified as velogenic viscerotropic. Further 
molecular analysis showed that the virus belongs to genotype VII in the 
class II (a genotype often found in Asia and Africa) representing the 
first report of the presence of this genotype in the American continent. 
The Villegas-Glisson/ University of Georgia (VG/GA) strain of NDV is 
used worldwide for disease control. In Venezuela vaccination protocols 
for NDV control include dual (live/killed) 1-d-old vaccination, followed 
by 2 (7 and 17 d) field revaccinations. This vaccination program was 
tested against the genotype VII isolate using the VG/GA strain (Avinew) 
as live vaccine and inactivated Ulster strain (Gallimune ND) as killed, 
resulting in full protection against the lethal challenge. Avinew and 
Gallimune ND are registered trademarks of Merial in the United States 
of America and elsewhere.

Key Words: NDV, genotype VII, VG/GA strain, vaccination

    170P   Serologic response of roosters to gradient dosage levels of a 
commercially available F strain-derived Mycoplasma gallisepticum 
vaccine. J. L. Purswell,* J. D. Evans, and S. L. Branton, USDA-ARS 
Poultry Research Unit, Mississippi State, MS.

Spray application is a commonly used time- and labor-efficient means 
to deliver Mycoplasma gallisepticum (MG) vaccine to laying hens in 
commercial production facilities. The dosage of vaccine received by 
spray vaccinated birds can vary due to variation in the spray plume and 
vaccine suspension droplet trajectory. In this study, a total of 48 Hy-Line 
W-36 males were placed individually in isolation units following eye-
drop application of gradient levels (1X, 10−1X, 10−2X, 10−3X, 10−4X, 
10−5X, 10−6X, and unvaccinated control) of the MG vaccine. The deter-
mined titer associated with a 1X dose was 2 × 106 cfu/dose. Serological 

(H7N3)] were cloned into a baculovirus transfer vector. Recombinant 
baculoviruses were generated, propagated and used for infection of 
insect cell cultures and the respective antigens were expressed. The 
recombinant proteins were purified using affinity-chromatography. Both 
proteins were used to hyperimmunize mice. Using the methyl-cellulose 
methods, several hybridomas secreting HA7 (13) - and HA9 (7) -specific 
monoclonal antibodies (mAb) were detected by indirect ELISA using 
the respective antigen. All of the H9- MAbs were H9-specific while 5 
of the 13 H7-MAbs showed cross-reactivity with antigens other than 
H7 protein as observed after immunofluorescence of DF1 cells infected 
with HA1-HA13 encoding LPAI. HI activity was observed in 3 of the 
H9 MAbs and 2 of the H7 MAbs indicating that these MAbs bind to the 
globular head structure of the HA protein. In plaque reduction assays, 2 
MAbs of both groups neutralized their respective LPAI. Interestingly, all 
but one of the H9-specific MAbs reacted in Western blot assay, which 
suggests they bind to a linear epitope on the HA9 protein. In contrast, 
only 3 of the H7-specific MAbs reacted in the Western blot assay, indicat-
ing that most of these MAbs bind to structure dependent epitopes.

Key Words: influenza virus, monoclonal antibody, HA7, HA9

    167P   Evaluation of the efficacy of hop pellets in reducing 
intestinal Clostridium perfringens levels in broiler chickens. Y. O 
Fasina* and O. A. Owoseni, Auburn University, Auburn, AL.

Necrotic enteritis (NE) disease is caused by Clostridium perfringens 
(CP), and continues to be an important enteric disease of poultry, espe-
cially in antibiotic-free production systems. Dietary supplementation 
of hops (Humulus lupulus) may reduce intestinal CP levels because 
hops contain β-acids known to have antibacterial activity against gram-
positive bacteria such as CP. Accordingly, an experiment was conducted 
to evaluate the efficacy of hop pellets in reducing intestinal CP levels 
in broiler chickens. Day-old male broiler chicks (640) were obtained 
from a commercial hatchery and randomly assigned to 8 treatments 
in a floor-pen trial. Treatment 1 (CX - control) consisted of chicks not 
challenged with CP and fed corn-soybean meal (SBM) diet with no 
bacitracin methylene disalicylate (BMD) or hops added. Treatment 2 
(MX) consisted of chicks not challenged with CP and fed corn-SBM 
basal diet into which BMD was added at 0.055 g/kg. Treatments 3 (HL) 
and 4 (HH) consisted of chicks not challenged with CP and fed corn-
SBM basal diet supplemented with hop pellets at 0.5% and 1.0% level, 
respectively, over the first 21 d of experiment. Treatments 5 (PCX), 6 
(PMX), 7 (PHL), and 8 (PHH) consisted of chicks fed diets that were 
similar to those given to CX, MX, HL, and HH treatments, and were 
additionally challenged with 3 mL of CP inoculum (107 cfu/mL) on 3 
consecutive days (d 21, 22, and 23) during the experiment. Intestinal CP 
levels were estimated on d 1 and 7 post-challenge. On d 1 post-challenge, 
intestinal CP level (0.556 log10 cfu/mL) for all unchallenged treatments 
(CX, MX, HL, and HH) was lower (P < 0.05) compared with PCX (4.03 
log10 cfu/mL), indicating that CP infection was successfully established 
in the challenged chicks. On d 7 post-challenge, compared with PCX 
treatment, CP levels were reduced by 0.91 and 1.72 log folds in HL and 
HH treatments respectively, but these reductions were not significant. 
Higher dietary inclusion levels of hop pellets (>1%) may be needed to 
significantly reduce intestinal CP levels.

Key Words: hop pellets, C. perfringens, intestine, broiler chickens

    168P   Simultaneous temporal monitoring of IBDV, NDV, IBV, 
and REO antibodies in chicken serum using a magnetic, liquid 
microsphere array. M. Hoffmeyer*1, M. Alfonso2, B. Hewat2, H. 
Hagan2, T. Copa1, and H. Baker1, 1Luminex Corporation, Austin, 
TX, 2Tyson Foods Inc., Springdale, AR.
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response was assessed weekly following vaccination via serum plate 
agglutination (SPA) for weeks one through 7 post-vaccination (p.v.). In 
addition, immunological response was assessed at wks 5, 6 and 7 p.v. via 
MG ELISA. As indicated by SPA analyses, a 1X dose of vaccine resulted 
in 100% seroconversion and dose levels of 10−1X and 10−2X resulted in 
75% and 37.5% seroconversion, respectively at 6 wks p.v. MG ELISA 
results demonstrated immunological responses in100%, 57.14%, and 
28.57% of the 1X, 10−1X and 10−2X dosed birds, respectively. The 
lower dosage levels of 10−3X, 10−4X, 10−5X, and 10−6X did not elicit 
a response from any bird. Utilizing the SPA data, a logistic regression 
model was used to determine the relationship between dosage level and 
seroconversion rate (R2 = 0.999 with a standard error of prediction of 
1.6%). The model predicted a required effective dosage of 0.84X for 
99% seroconversion at 6 wks p.v. under test conditions.

Key Words: mycoplasmosis, layer, vaccination

    171P   Examination of avian influenza research using metadata 
analysis and textual analytics. M. M. Landry,* D. M. Carpenter, K. 
S. Macklin, G. S. Weaver, W. D. Berry, and R. A. Norton, Auburn 
University, Auburn, AL.

Statistical modeling and analysis of epidemiological data can be used 
for predicting strain, serotype, population risk assessments and mapping 
disease patterns. However, textual analytics can help determine and/or 
uncover the current and recent past scientific research activities among 
researchers worldwide. The goal in this project was to utilize the recent 
advent of textual analytics (statistical analysis on unstructured textual 
data contained in documents) on avian influenza scientific literature, 
to automatically group (cluster) and categorize articles into topics and 
sub-topics to define possible deficient areas of study. Our preliminary 
data set (training data set) includes 289 articles on avian influenza span-
ning the past 10 years. The literature was focused on or pertaining to 
research on avian influenza from researchers working in or connected 
to China. The textual information extracted from the titles, author list, 
abstract, keywords and paper bodies were imported into and processed 
by text analytics procedures available in the predictive analytics (data 
mining) tools provided in SAS and SPSS. Over 25 countries have 
been detected with topics spanning from avian influenza surveillance, 
molecular analysis to public health.

Key Words: avian influenza, statistical modeling, text analytics, pattern 
recognition, classification

    172P   Salmonella Enteritidis PT 13A and Salmonella Issatschenko 
determination by PCR in experimental infected chicks samples. I. 
Monroy-Becerra,* N. Ledesma-Martínez, F. Sánchez-Godoy, G. Ruíz-
Flores, and O. Urquiza-Bravo, Universidad Nacional Autónoma de 
México, México City, México.

The aim of this study was to determine by PCR the presence of Sal-
monella Enteritidis FT-13A (SE) and Salmonella Issatschenko (SI) in 
different samples of organs from 4 d old experimental infected chicks and 
its relationship with bacterial isolation and histological lesions results. 
Frozen organs from 4 d old chicks experimentally inoculated with SE 
and SI were used for DNA extraction and then to perform classical 
and nested PCR. Samples from 6 experimental post-inoculation times 
(EPI) (6, 18, 30, 42, 102, 174 h) from crop, heart, lung, liver, spleen, 
duodenum, jejunum, ileum and ceca were collected and stored at −20°C 
until its use. The PCR primers were: inv1F: 5′-CGT ATT ACC TCC 
CAT TAC CT-3 ‘ and inv1R: 5′-CAA CGT TAG CTT CAC TGA TA-3′ 
with a size of 525 bp. The PCR Protocol was: a cycle of 95°C for 5 min, 
30 cycles of 93°C during 45 s, 59°C for 45 s, 72°C 45 s, followed by a 

final extension for 4 min at 72°C. Nested PCR was made with part of 
the previous PCR, PCR buffer, dNTPs, primers, MgCl, Triton, BSA, 
Taq polymerase and distilled water, using the following primers: inv2F: 
5′-TGG TGT CGT TTA TGG GGT TCT A 3 ‘and inv2R: 5′-CCT CGG 
AAT TCA TAC CAT CAA TC-3′ that amplified a segment of a size of 
329 bp. The statistical analyses were 2x2 contingency tables to calculate 
sensitivity and specificity of PCR in relation to bacteriology and his-
tology, also for sensitivity and specificity between histopathology and 
bacteriology tests. To determine the relationship between bacteriology 
and histopathology with PCR and histopathology with PCR tests, the 
statistical method of Xi2 was used. SE and SI were evident since 6 h 
EPI, but as time passed of EPI, positive results were mixed, obtaining 
negative results at 174 h EPI. PCR is useful for detecting SE and SI in 
the early hours EPI from chicks frozen organs samples, but the relation-
ship between PCR, bacteriology and histopathology tests was poor. We 
suggest the pre-enrichment of the samples, to facilitate DNA extraction 
and detection of Salmonella by PCR.

Key Words: Salmonella Issatschenko, Salmonella Enteritidis, PCR, 
Salmonella primers

    173P   Poulvac MycoF protection of pullets in a Mycoplasma 
gallisepticum challenge model. S. A. Leigh,* S. L. Branton, S. 
D. Collier, and J. D. Evans, USDA, ARS Poultry Research Unit, 
Mississippi State, MS.

Mycoplasma gallisepticum (MG) is an infectious agent of domestic 
poultry and other avian species. Models of MG disease measure their 
results using various methods including antibody response, egg pro-
duction and quality, airsacculitis severity, air sac lesion score, tracheal 
thickness, and tracheal lesion score. Two methods of infection, eye drop 
versus intratracheal instillation using MG strain R-low, with or without 
concomitant eye drop vaccination with Infectious Bronchitis Virus (IBV) 
vaccine were tested as models of infection. The effects of MG infection 
and IBV vaccination were determined at one, 2, and 3 weeks post infec-
tion. Results showed an initially greater antibody response to MG follow-
ing intratracheal infection, although there were no differences between 
routes of infection by 2 weeks post infection. Airsacculitis was only 
observed following intratracheal infection, and vaccination with IBV 
resulted in a slight decrease in pathology compared with MG infection 
alone. Using this model, pullets were vaccinated with Poulvac MycoF 
at 6 weeks of age and infected with R-low strain MG by intratracheal 
instillation at 12 weeks of age. Poulvac MycoF vaccination prevented 
the formation of airsacculitis seen in unvaccinated pullets, although a 
small number of vaccinated pullets showed some airsacculitis whether 
or not they were infected with MG strain R-low. These results suggest 
that intratracheal infection provides consistent pathologic severity and 
also suggest that concomitant IBV vaccination may lead to a prolonged 
disease state. Infection by eye drop either with or without IBV vaccina-
tion showed no significant increase in disease pathology over controls. 
Previous vaccination with Poulvac MycoF is sufficient to protect the 
pullets from MG R-low strain induced airsacculitis.

Key Words: Mycoplasma gallisepticum, vaccine, infectious bronchitis 
virus, disease model

    174P   Minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) of oregano essential oil for 
common livestock and poultry pathogens. M. A. Mellencamp,* 
J. Koppien-Fox, R. Lamb, and R. Dvorak, Ralco Nutrition, Inc., 
Marshall, MN.

The poultry industry is investigating phytonutrients including oregano 
essential oil (OEO) because they exert potent antimicrobial activity. 
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The antimicrobial activity of OEO is attributed to its 2 most abundant 
polyphenols, carvacrol and thymol. These molecules permeabilize and 
depolarize the bacterial cytoplasmic membrane, resulting in cell death. 
Because of this mechanism of action, resistance to phenols is rare. 
The objective of this study was to determine the minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) 
of OEO for common livestock and poultry pathogens. A standardized 
microtiter protocol approved by the National Committee on Clinical 
Laboratory Standards (NCCLS) was used. Several bacteria were tested 
including Escherichia coli, Salmonella enteritidis, S. typhimurium, Kleb-
siella pneumoniae, and Staphylococcus aureus. 2-fold serial dilutions 
of OEO (Ralco Animal Health, Marshall, MN) from 20 μg/ml to 0.039 
μg/ml were made in Mueller-Hinton broth. An equal volume of bacteria 
(diluted to 0.5 McFarland standard) was added to each well and plates 
were incubated at 37°C for 18h. After incubation, each well was scored 
for turbidity. The MIC was the lowest OEO concentration without visual 
bacterial growth. After reading the MICs, a calibrated loop of broth from 
each clear well was streaked onto a blood agar plate. After 18h at 37°C, 
plates were examined for bacterial growth. The MBC was the lowest 
OEO concentration showing no growth. Results showed that MICs 
and MBCs for both gram-positive and gram-negative bacteria ranged 
from 1.0 to 5.0 μg/ml. MBCs were all within one dilution of the MIC, 
confirming prior studies showing bactericidal activity. These results are 
similar to those reported in the literature. This study demonstrates that 
OEO used in Regano products has potent bactericidal activity for a wide 
range of livestock and poultry pathogens. Future studies will include 
Campylobacter and other food safety pathogens.

Key Words: oregano essential oil, MIC, MBC, antimicrobial, antibiotic 
alternative

    175P   Urolithiasis in male boiler breeders. J. R. Moyle,* R. F. 
Wideman, S. M. Whipple, D. E. Yoho, and R. K. Bramwell, University 
of Arkansas, Fayetteville.
Mortality often is much higher in male than in female broiler breeders 
(36.2% vs. 11.1%), making it necessary to introduce additional males 
during the breeding cycle. While it is known that males perform better 
on low protein diets, they usually are fed the same diet as the hens to 
reduce feed transportation costs and eliminate the chance of the hens 
receiving the wrong feed. Hen diets are high in calcium (Ca) which may 
be detrimental to male performance and may cause kidney damage as 
the males excrete the excess Ca. In an effort to understand the extent 
of kidney damage that occurs in male broiler breeders, 136 males that 
had been on commercial breeder hen diets for 41or 42 wks were killed 
and their kidneys evaluated. Data collected included body weight, left 
and right kidney weights, and the incidence of macroscopically visible 
uroliths within the ureters or ureteral branches. The bilateral symmetry 
of the 2 kidneys (heavy:light kidney weight ratio) was assessed as an 
indicator of subclinical kidney damage. The results revealed that only 
55.6% of the males had kidneys that were bilaterally symmetrical 
(within 10% by weight). Left kidneys were significantly heavier than 
right kidneys (10.07 vs. 9.26 g, respectively) and the left kidney was 
larger in 76.3% of the birds. Uroliths were found in 7.4% (10/136) of the 
males. These results indicate that broiler breeder males fed high levels 
of Ca develop kidney asymmetry and urolithiasis, which contribute to 
their high mortality levels.

Key Words: kidney, males, broiler breeders, feed

    176P   Effects of varying light intensity on growth performance 
and carcass characteristics of broilers grown to heavy weights. H. 
A. Olanrewaju,* J. L. Purswell, S. D. Collier, and S. L. Branton, USDA-
ARS, Mississippi State, MS.

The effects of varying light intensities (25, 10, 5, 2.5, and 0.2 lx) on 
growth performance and carcass characteristics of broiler chickens 
grown to heavy weights were investigated. A randomized complete 
block experimental design was utilized in the 4 trials conducted with 
2 replicates per trial. In each trial, 6 hundred and 40 Ross 308 chicks 
were randomly distributed into 10 environmentally controlled chambers 
(30 males and 30 females chicks/chamber) at 1 d of age at 50% RH. 
Each chamber was randomly assigned one of 5 light intensities from 
d 22 to 56 d of age. Feed and water were provided ad libitum. Birds 
were provided a 4 phase-feeding program (starter: 1 to 14 d, grower: 
15 to 28 d, finisher: 29 to 42 d, and withdrawal: 43 to 56 d). Birds and 
feed were weighed on 0, 14, 28, 42, and 56 d of age for growth perfor-
mance. Also, 20 (10 males and 10 females) birds from each chamber 
were processed to determine weights and yields. There were no effects 
of light intensities on growth performance, except a significant (P ≤ 
0.05) decrease in FCR on d 28 of age under 2.5, 5, and 10 lx. However, 
broilers reared under 2.5, 5, and 10 lx had significantly (P ≤ 0.05) 
higher carcass weight, and pectoralis major and minor weights when 
compared with birds reared under 0.2 and 25 lx. In addition, relative 
ocular weight, mortality, and corticosterone concentrations were not 
significantly affected by light intensity. There was gender effect on 
most carcass characteristics examined. These results indicate broilers 
reared up to 56 d of age under 2.5, 5, and 10 lx performed better than 
birds reared under 0.2 and 25 lx. This study shows the positive impact 
on profits to commercial poultry facilities that are using low lighting 
environment to reduce hyperactivity, pecking damage, and energy costs 
without physiological stress effects on broiler welfare.

Key Words: light intensity, welfare, growth, meat yield, broiler

    177P   Water chemistry and poultry processing water quality. 
R. Holser*1 and S. Wells2, 1Russell Research Center, Athens, 
GA, 2University of Georgia, Griffin.

This study examined the influences of water chemistry on the quality 
of process water used in immersion chillers. During commercial poul-
try processing the bird carcasses come in direct contact with process 
water during washing and chilling operations. Contamination of the 
process water with bacteria from the carcasses occurs by design in 
bird washers where the objective is to remove the potential pathogens 
from the poultry skin and tissue surfaces. In contrast, immersion chill-
ers use process water as the heat transfer fluid to rapidly reduce the 
temperature of bird carcasses. Contamination of the chiller water is 
a consequence of residual bacteria on the carcasses and subsequent 
distribution of the bacteria through the process water onto incoming 
carcasses. This is addressed by adding chemical sanitizers to the chiller 
water. A detailed investigation of the chemical interactions between a 
commercial sanitizer, trisodium phosphate, and the hard water ions of 
calcium and magnesium that are found in process water was performed. 
The speciation program Visual Minteq (J. P. Gustafsson, Department of 
Land and Water Resources Engineering, Stockholm, Sweden) was used 
to calculate pH, ionic strength, solubility, and concentration changes 
of process water at 8, 10, and 12% treatment levels at temperatures of 
0, 5, 25, 50°C. These results confirmed that the presence of hard water 
ions reduced the solubility of the sanitizer when present at high levels. 
Solubility also decreased as the temperature was reduced. These trends 
decrease the efficacy of sanitizer in the immersion chiller water with 
an expected increase in biological oxygen demand and reduction in 
process water quality.

Key Words: chiller, immersion, sanitizer, solubility, trisodium phos-
phate

Poult. Sci. 90 (Suppl. 1)



52 ABSTRACTS OF PAPERS

    178P   Diarrheogenic E. coli and Salmonella enterica detection in 
backyard poultry in Agua Escondida, Zentla, Veracruz, Mexico. A. 
Morales Domínguez1, M. P. Castañeda Serrano2, C. A. Eslava Campos3, 
and C. Rosario Cortés*1, 1Departamento de Producción Animal: Aves, 
Facultad de Medicina Veterinaria y Zootecnia, Universidad Nacional 
Autónoma de México, México, D.F. MEXICO, 2Centro de Enseñanza, 
Investigación y Extensión en Producción Avícola, México, D.F. 
MEXICO, 3Departamento de Salud Pública, Facultad de Medicina, 
Universidad Nacional Autónoma de México, México, D.F. MEXICO.

Broilers and hens are included as part of the diet and economic activity 
in the backyard livestock production; however, these species have been 
associated to the transmission of foodbome pathogens such as Escheri-
chia coli and Salmonella sp. that cause diarrhea and affect people health; 
for this reason, 60 cloacal swabs were obtained from 30 birds in 3 houses 
in Zentla; a rural community of Veracruz, to detect E. coli and Salmo-
nella. 290 strains were obtained, 145 were serotyped, and 28 serotypes 
analyzed by PCR for eae, bfP, lt, st, stxI, stx2, ial genes and pCVD432. 
290 colonies were biochemically identified as E. coli, the remaining 
8% were Aeromonas, Enterobacter, Klebsiella and Pseudomonas. The 
most common serotypes of E. coli were OND (18.6%), O8 (12.4%), 
O178 (7.5%) and O7 (6.8%). All serotypes were negative for the genes 
described above using PCR technique. Salmonella was not found in any 
sample according the procedure described by NOM-005-Z00-1993, and 
confirmed with a DNA hybridization assay. Results of this study indicate 
the presence of some serogroups associated with E. coli diarrheagenic, 
so these birds could be involved as sources of infection for people living 
in the community Agua escondida from Zentla, Veracruz.

Key Words: backyard, poultry, Escherichia coli, Salmonella

    179P   Effect of stocking density on behavioral pattern of meat-
type Korean native chicken compared with commercial broiler. S. 
J. Ohh,* J. Y. Lee, C. S. Ra, B. J. Chae, and Y. H. Song, Kangwon 
National University, Chuncheon, South Korea.

Three (6.3, 9.5 and 12.6 birds/m2) stocking densities were arranged 
to meat-type Korean native chicken (KNC) to evaluate the behavioral 
pattern of the birds. To compare the behavior, a commercial breed (Ross 
308) broiler was simultaneously raised at 12.6 birds/m2 density. A total 
of 720 KNC were employed into 24 floor pens (3x2x4replicates) and 
120 broilers were employed into 4 pens bedded with rice husk. The 
trial started at d10 and finished at d75 of age for KNC and d1–65 for 
the commercial broiler, both for 65 d. Whole one day behavior of birds 
was video-recorded every week, totally 7 times. Then, frequencies 
of each specific behaviors and duration of ordinary behaviors during 
12h were analyzed. Durations of standing(ST) and walking (WA) 
were longer (P < 0.05) with decreasing stocking density of KNC and 
the both behaviors of broiler were longer (P < 0.05) than KNC at the 
same density. Thereafter, the duration of lying down (LD) was highest 
(P < 0.05) by broiler and decreased with decreasing density of KNC. 
Duration of ST and WA decreased whereas that of LD increased with 
increasing age of birds regardless of the breeds but these changes were 
more remarkable with broiler. Frequency(count no./12h) of specific 
behaviors, such as drinking(DR), feeding(FD), scratching(SR), sand 
bath(SB), flapping (FL) and aggressive pecking(AP) were decreased 
(P < 0.05) with increasing density of KNC. Frequencies of DR and 
SB were higher (P < 0.05) and that of AP was lower by broiler than by 
KNC at the same density. Other behaviors additionally including feather 
grooming (FG) and floor pecking (FP) were not different between KNC 
and the commercial broiler. Frequencies of FD, SR, FL and AP were 
higher (P < 0.05) during starting 30 d than finishing 35 d regardless of 
the breeds. There were no differences in DR, FG and FP frequencies 

with increasing age of the birds. Only the frequency of SB was increased 
(P < 0.05) with increasing age. This study showed that higher stocking 
density inhibited behaviors like FD and DR but increased duration for 
LD, therefore, implied the stocking density of KNC need to be care-
fully considered.

Key Words: Korean native chicken, stocking density, behavioral pat-
tern

    180P   Effects of activity inducing ramps and light treatments on 
broiler deep pectoral myopathy and performance. R. J. Lien,* S. F. 
Bilgili, and J. B. Hess, Auburn University, Auburn, AL.

Broilers were reared under different light treatments and with or without 
ramps to induce varying activity levels and determine effects on per-
formance and deep pectoral myopathy (DPM). A total of 1032 broiler 
chicks were randomly placed in 12 light-controlled rooms and reared 
to 56 d. Long-dim (23L:1D and 1.0 lx, except 1st 7 d at 20 lx), or short-
bright (16L:8D, 20 lx) light treatments (LD and SB, respectively) were 
provided to either stimulate or inhibit activity in half the rooms. Half 
the rooms of each light treatment were provided 30 cm high ramps (R) 
that broilers had to climb and jump off to go from feeders to drinkers, 
and vice versa. The other half were not (N) provided ramps. Treatments 
(LDN, SBN, LDR, and SBR) made up a 2 by 2 factorial arrangement. 
Feed consumption and conversion, BW, uniformity, and mortality were 
monitored. At 49 d, 10 birds/sex/room were subjected to forced wing 
exercise by repeatedly raising and lowering each a span of 1 m a total 
of 15 times in 20 s. The occurrence of DPM induced via this method is 
typically about 50%, and proportional but several fold greater and less 
variable than un-induced levels. At 56 d, exercised birds were slaugh-
tered to assess induced DPM. Ten birds/sex/room were also processed 
and deboned to determine carcass and parts weights and yields, and 
un-induced DPM incidence. Data were analyzed by GLM of SAS. Feed 
consumption and conversion were not affected by ramp treatments. BW 
at 55 d averaged 3.89 kg and was increased by SB and R treatments. 
The LD treatment increased BW and reduced feed conversion at 21 d. 
Mortality was greater in LD than SB treatment. Parts weights and yields 
were variously affected by light and ramp treatments. Un-induced DPM 
averaged 5% and was greater in the N than R treatment, but unaffected 
by light. Induced DPM averaged 65% and was affected by an interaction 
in which incidence was greatest in SBN, least in LDN, and intermedi-
ate in LDR and SBR. Results suggest that activity levels may influence 
DPM occurrence in a complex manner.

Key Words: broiler, deep pectoral myopathy, exercise, light, activity

    181P   Effects of strain and sex on meat quality and carcass 
yield of broiler chickens. T. M. Nascimento,* A. A. Mendes, M. R. 
F. B. Martins, C. M. Komyiama, C. Sanfelice, B. B. Martins, B. C. S. 
Fernandes, A. P. Araujo, and L. B. D. Ribeiro, UNESP - Universidade 
Estadual Julio de Mesquita Filho, Botucatu, SP, Brasil.

Selection of meat-type chickens has previously focused not only on 
increased growth performance but also on improved carcass quality. 
In particular, the emphasis has been on better body composition, with 
higher breast meat yield and lower abdominal fat.The present study 
aimed at evaluate the effect of strain and sex on meat quality and car-
cass yield on 2 different commercial strain. To analyze the differences 
between the strains, there were reared 480 broilers from 2 different 
commercial strains (A and B), males and females in a randomized 
completely block design. At 42 d of age, 24 broilers per treatment (6 
broilers per replicate) totaling 96 broilers were weighed, electrically 
stunned and killed by cutting the jugular vein and carotid artery. Later, 
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the carcass and parts were weighed with and without bone. At 24 h post-
mortem, there was evaluated the breast meat quality, analyzing the pH, 
color, water holding capacity (drip loss), cooking loss and shear force. 
There were differences (P < 0.05) for yellowness, in which males have 
lower yellowness value. The females had lower cooking loss, show-
ing a higher yield compared with male’s meat after being subjected to 
cooking process. The evaluation of broiler performance results showed 
that the female strain B showed significant differences in live weight, 
chilled carcass yield and breast weight, showing lower values compared 
with male and female of other strain. Strain A had lower abdominal 
fat percentage, showing a better performance in this parameter, since 
fat is not desired in chicken meat. Therefore, it is possible to conclude 
based on these results that even with intense selection of strains of rapid 
growth, each strain and each sex still have individual carcass yield and 
meat quality, but these results are not sufficient to assert that better or 
worse yield is determined by sex or strain.

Key Words: broiler, meat quality, carcass yield, strain, sex

    182P   The effects of an auger feed line on nutrient distribution 
of pelleted feeds made with whole grain. C. Hancock*SC, R. 
S. Beyer, R. Rierson, C. M. Rude, N. Graham, M. Barrios, and C. 
Shannon, Kansas State University, Manhattah, Kansas, USA.
Automated auger systems distribute feed in commercial broiler houses. 
Pellets placed in an auger feed line have been shown to degrade and 
segregation due to shearing and compression occur along the line. With 
this segregation, even distribution of nutrients along the length of a 
commercial broiler house could be compromised. Three studies were 
conducted to determine the effects of a Chore-Time C2 plus feeder 
system on pelleted broiler feed. A sorghum-soy based diet meeting NRC 
requirements was formulated and pelleted using standard procedures. In 
expt 1, a pelleted feed with ground grain and an 87 pellet durability index 
(PDI) was placed in the feed line and nutrient content was examined 
at 12 select collection sites. In expt 2, 4 diets were manufactured with 
differing amounts of whole sorghum (0–30%) were placed in the feed 
line and the fines in the first and last pan of the feed line were analyzed. 
Expt 3 was conducted by coating pellets with soybean oil then testing in 
a similar manner. In expt 1, feed collected from the pans was analyzed 
for crude fat, CP, DM, ash and Ca. Distribution of the nutrients indicates 
that CP varied up to 1.5% while ash and Ca varied by 0.5 and 0.22% 
respectively. In expt 2, results indicate that the presence or whole sor-
ghum in the pellet did not lead to the destruction of the pellet. However, 
fines for all trials were significantly higher in the terminal pan than the 
initial pan. In expt 3, there was a difference (P < 0.05) in fat values 
with higher fat values at the terminal end of the feed line. These results 
indicated that there is a difference in certain nutrient distribution at vari-
ous points in an auger feed line. Coated pellets indicated a significant 
response between initial and terminal pans, while whole sorghum with 
a high PDI showed minimal effects on nutrient distribution. However, 
more trials should be performed with feeds ranging in PDI.

Key Words: pellet, pellet quality, feed line, fines, fat

    183P   Effect of a Lactobacillus-based probiotic administered 
orally or subcutaneously against Salmonella enterica serovar 
Heidelberg infection in neonatal chicks. A. Menconi*SC, A. D. 
Wolfenden, S. Shivaramaiah, S. L. Layton, B. M. Hargis, and G. 
Tellez, University of Arkansas, Fayetteville.

The effect of an oral and subcutaneous (live and inactivated) administra-
tion of a commercial probiotic, FloraMaxTM (FM-B11) for the treatment 
of Salmonella enterica serovar Heidelberg (SH) in neonatal chicks was 
evaluated. Day-of-hatch chicks were randomly assigned to 6 treatments 

(n = 20 per group). All chicks were orally challenged with SH at 105 
cfu/chick and placed into pens by treatment. One hour following SH 
challenge, chicks were treated with either: PBS; FM-B11 via oral gavage 
at 106 cfu/chick; FM-B11 via subcutaneous (SC) injection at 109 cfu/
chick of live bacteria; FM-B11 via SC at 109 cfu/chick inactivated by 
either heat, penicillin or formaldehyde. All chicks were humanely killed 
by CO2 inhalation 24 h post-treatment. Crop and cecal tonsils were col-
lected aseptically, enriched for isolation, and examined for the presence 
of SH. Ceca were also removed, homogenized, diluted, and spread plated 
for SH cfu determination. In the control group, all birds were positive 
for SH (100%) in crop and cecal tonsils. Oral treatment with FM-B11 
showed a significant reduction in total positive chicks 7/20 (35%) in 
crop and 2/20 (10%) in cecal tonsils as compared with control chicks 
(P < 0.05). Additionally, enumeration of SH in ceca content resulted 
in a significant (3.83 log10) decrease (P < 0.05) in chicks treated with 
FM-B11 orally as compared with non-treated controls. Live FM-B11 
SC treatment resulted in 17/20 positives (85%) for both crop and cecal 
tonsils; however, enumeration in ceca content resulted in significant (1 
log10) reduction (P < 0.05) as compared with control. All 3 FM-B11 
inactivated SC treatments had similar results to non-treated control 
chicks. The significant reduction in the numbers of SH in the ceca 
observed in the SC administration of live FM-B11 suggests an interesting 
and previously unknown mechanism of action for this probiotic.

Key Words: chickens, lactic acid bacteria, subcutaneous, probiotic, 
Salmonella Heidelberg

    184P   Economic analysis of commercial broiler flocks treated 
with a Lactobacillus spp.-based probiotic in Brazil. G. Tellez*1, 
F. Matte2, T. Urbano2, J. Kettel2, A. D. Wolfenden1, and B. M. 
Hargis1, 1University of Arkansas, Fayetteville, 2Vetanco do Brasil.

Concern about antimicrobial resistance has led to increased attention 
to alternatives for controlling infections and increasing performance in 
animal production. Probiotics have gained attention as options in the 
poultry industry, but few studies regarding Cost-Benefit Analysis (CBA) 
under commercial conditions have been reported. Our laboratory has 
worked in the selection of lactic acid bacteria, as potential probiotic 
candidates and published work indicates that these probiotic bacteria 
(FloraMax) improve performance in broilers and turkeys. In the present 
study, the selected probiotic organisms were used in field trials to evalu-
ate their efficacy in commercial conditions in Brazil. The study included 
18 paired commercial broiler lots, ranging from 13,744 to 14,151 chick-
ens per lot. Nine lots (127,362 chicks) received the probiotic treatment 
and 9 lots (123,700 chicks) were controls without probiotic. Treated lots 
received 4 doses of probiotic: One at placement (day of hatch) and then 
one dose at every change of feed ration: 9 d (pre starter to starter); 20 
d (starter to grower); and 35 d (grower to finisher). Even though there 
were no significant differences between the 2 groups in the production 
parameters evaluated (P > 0.05), numerical differences were observed 
in favor of the lots that received the probiotic treatment: body weight: d 
14, 6 g; d 28, 22.4 g; and d 47, 48 g. Mortality was reduced from 7.61% 
in control lots to 7.06% in treated lots (0.55%). Feed conversion was 
improved from 1.99 in control lots to 1.86 in treated lots. Cost of pro-
duction was reduced by $0.008 USD/kg and the profit index was $1.39. 
CBA estimated that for every dollar invested in the application of the 
probiotic, there is a return of $1.62 USD/kg. These results suggest that 
this probiotic culture has a favorable economic impact in commercial 
poultry farms in Brazil, but also indicate the difficulty in measuring 
economic performance factors under real-world conditions.

Key Words: probiotic, cost benefit analysis, broilers, Lactobacillus, 
profit index
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    185P   Analysis of the socioeconomic effects of an emerging 
disease on poultry product outputs in Nigeria from 1998 to 2008. 
O. O. Sansi*1 and J. A. A. Sansi2, 1University of Ibadan, Ibadan,Oyo 
State,Nigeria, 2Federal College of Animal Health and Production 
Technology, Ibadan,Oyo State,Nigeria.

The poultry emerging disease, Avian Influenza H5N1 virus disease 
was first reported in Nigeria in 2006. There is poor information on the 
quantifiable socioeconomic effects of emerging diseases outbreaks in the 
poultry industries of developing economies. Most developing countries 
have low level preparedness systems for combating emerging poultry 
diseases outbreaks. Secondary data of annual poultry product outputs 
and annual prices of poultry products in Nigeria from 1998 to 2008 
were analyzed using descriptive statistics and descriptive analyses using 
tables and graphs respectively. The result of the analysis showed that 
there was an increase in the annual chicken meat output from 218750 
tonnes in 2005 to 232100 tonnes in 2006, the year the disease was first 
reported in Nigeria. However, the annual chicken meat output declined 
in 2007, from 243300 tonnes to 243250 tonnes in 2008. Also the annual 
outputs of hen eggs in shell increased from 500400 tonnes in 2005 to 
526400 tonnes in 2006. There was no increase in the annual outputs of 
hen eggs in shell from 2007 to 2008. The annual growth rate of chicken 
meat output declined from 6 percent in 2006 to – 0.21 percent in 2008. 
The annual growth rate of hen eggs in shell declined from 5.2 percent 
in 2006 to 0 percent in 2008. These results show that inspite of the 
intervention strategies executed by the Government to contain diseases 
the annual poultry product outputs and growth rates declined in years 
succeeding the first outbreak of the disease in 2006.

Key Words: avian, influenza, growth, rates, eggs

    186P   Effect of environmental enrichment strategies on 
production performance of broiler breeders reared under 
thermoneutral and heat stress conditions. O. B. Adeniji*SC and M. 
O. Smith, University of Tennessee, Knoxville.

Many consumer food production entities are requiring welfare audits 
as part of their conditions to conduct business with certain producers. 
It is therefore paramount to include this aspect of poultry production 
when considering the design of poultry housing. Environmental enrich-
ment practices are thought to improve animal health and well being but 
there is a need to evaluate their effect on productivity. The objective 
of this study was to evaluate the effect of simple practical forms of 
environmental enrichment on production parameters of broiler breeder 
chickens in thermoneutral and heat stress environments. Two hundred 
and 88 21-week-old broiler breeder females and 48 males (Cobb 500) 
were assigned to 4 treatments in each of 2 separate rooms with different 
rearing temperature environments. One room was maintained at 23°C to 
mimic a thermoneutral setting while the other room cycled between 23°C 
and 30°C to mimic heat stressed environment. The 4 treatments in each 
room were (1) no enrichment (2) sand box (3) perch and (4) combination 
of sand box and perch. Each treatment was replicated 3 times with 12 
females and 2 males per replicate. Hen-day egg production, fertility, and 
hatchability were determined. All data were analyzed using the mixed 
model ANOVA procedure of SAS 9.2 (SAS Institute, Cary, NC, USA), 
and least squares means used to determine significance. Preliminary 
results indicate that enrichment of housing environments for meat type 
bird parent stock raised in either heat stress or thermoneutral conditions 
did not have an impact on fertility or hatchability but inclusion of a sand 
box in the pens tended (P < 0.08) to increase egg production.

Key Words: environmental enrichment, broiler breeders, heat stress

    187P   Incidence of cardiomyopathy in three lines of turkeys. D. 
T. Ort,* M. J. Wineland, K. M. Mann, E. O. Oviedo, J. L. Grimes, F. W. 
Edens, and C. M. Ashwell, North Carolina State University, Raleigh.

Cardiomyopathy has been described in avian species for nearly 50 years. 
The hypothesis was tested in the current study that the sire body weight 
may influence cardiomyopathy in progeny of turkeys. Three sire lines 
were mated to the same female line of turkeys to produce the female 
breeder parent line for the XL, Converter(CV), and grademaker(GM). 
All eggs were obtained from Hybrid Turkeys (Kitchener, Ontario). 
Fertilized eggs were delivered to Raleigh, NC and incubated using com-
mercially accepted conditions for turkeys. At hatching all poults were 
weighed and identified by neckbands. The poults were grown to 6 wks 
of age and treated similarly. At 6 wks of age, poults were examined for 
the presence of cardiomyopathy and separated by sex. The data were 
sorted by sex and incidence of heart abnormalities. The frequency of 
cardiomyopathy was tested by Chi Square analysis for differences 
among the sire lines. As body weight of the sire increased, the frequency 
of heart abnormalities increased significantly for the male progeny (P 
< 0.0286) but not the females. It is concluded that the expression of 
cardiomyopathy in turkeys may be sex influenced.

Key Words: cardiomyopathy, turkeys, genetic line

    188P   Effect of photoperiod on production of Chukar partridges 
(Alectoris chukar). V. I. A. Alva*1, I. C. Gonzalez-Rebeles1, A. M. 
Gonzalez2, and L. J. A. Quintana1, 1Universidad Nacional Autonoma 
de Mexico, Mexico D. F. México, 2Universidad Autonoma Chapingo, 
Chapingo, Estado de México, Mexico.

Effect of photoperiod duration variations on production indicators was 
evaluated (amount of eggs and weight) in chukar partridges (Alecto-
ris chukar). A total of 90 birds were used in groups of 3 males and 7 
females per cage. Three photoperiod treatments were applied (18, 16 
and 14 light hours) with 3 repetitions per treatment. Males and females 
were randomly selected to form the different groups subjected to the 
3 treatments. Means between treatments were compared by ANOVA 
with a multiple comparison test by Tukey with a MGL with SAS V.8.0 
software. Productive variables: egg weight (EW), egg mass (EM), eggs 
per female (EF), and laying % (LP) were evaluated during 18 production 
weeks. Significance was found (P < 0.01) between weeks for all variables 
except EW, although it was not so for photoperiod per week interaction 
with all variables (P > 0.05). Significant difference (P < 0.05) was found 
in EW in the treatment period (18 weeks) between 18 light hours and 
14 light hours, showing a difference of 7.1% in EW with photoperiod 
reduction. Significant differences were not observed (P > 0.05) in the 
other parameters with photoperiod variation. An improvement was 
observed for all productive variables with shorter light treatment (14 h), 
although statistically there was only significance for EW.

Key Words: partridges, photoperiod, light-hours, egg production, egg 
laying cycle

    189P   Relationship between shell thickness at the poles and the 
equator of 29-week-old Leghorn type hens. B. L. D. Abarca* and L. 
J. A. Quintana, Universidad Nacional Autonoma de Mexico, Mexico 
D. F. Mexico.

Eggs have to be discarded causing economic losses because of shell 
breaks which occur in 7 to 8% of total production of eggs. Several 
methods have been used to measure shell quality and the simplest one 
is measurement of shell thickness, which has a certain degree of error 
due to differences found at different points. Nevertheless, the use of 
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a micrometer for measuring shell thickness represents a quick evalu-
ation method. Shells represent between 8 and 9% of egg weight, and 
this characteristic is used as an indicator of its quality; the percentage 
is lower in large eggs from older birds. A Mitutoyo digital micrometer 
was used to evaluate shell thickness at 3 points: equator and both poles, 
to later compare the results between poles and equator. Forty eggs of 
Bovans White line hens were used divided into 2 groups; one had the 
lowest weight below 53 g (50.1 to 52.7 g) and the other group with 53 
to 55.2g. All eggs were weighed before extracting their content and 
later left to dry, to then weigh the shell. Likewise, thickness of shell 
was taken at the equator and both poles of the shell. The 3 values were 
averaged. The first group (<53 g) had an average of shell percentage 
of 10.43% (5.44 g), with an average of measurements at the equator, 
the acute pole and the obtuse pole of 0.38 mm in the 3 cases, and the 
average of all measurements was 0.38 mm. The group that was above 
53 g had an average of 10.47% (5.66 g) in shell percentage and had an 
average thickness at the equator of 0.39 mm, at the acute pole, 0.38 mm 
and at the obtuse pole, 0.38 mm, with an average of 0.38 mm. Average 
weight of the 40 eggs was 52.8 g with SD 1.16; shell percentage, 10.44% 
SD 0.568; shell weight 5.5 g, SD 0.32; shell thickness at the equator 
and its poles 0.38mm with SD 0.022. From this study we can conclude 
that measurement of the 3 points is not necessary, since there were no 
significant differences, and therefore measuring at the equator where it 
is simpler to measure would suffice

Key Words: shell thickness, shell percentage, hen eggs

    190P   Effect of photoperiod on production of Collared 
Pheasants (Phasianus colchicus). V. I. A. Alva*1, L. J. A. Quintana1, 
I. C. Gonzalez-Rebeles1, and A. M. Gonzalez2, 1Universidad Nacional 
Autonoma de éxico, Mexico D. F. Mexico, 2Universidad Autonoma 
Chapingo, Texcoco Edo. de Mexico Mexico.

A total of 45 birds were used divided into groups of 1 male and 4 
females per cage. Three photoperiod treatments were applied (18, 16 
and 14 light hours) with 3 repetitions per treatment (total 9 cages). 
Males and females were randomly selected to form the different groups. 
To compare means between treatments an ANOVA test was carried 
out with a multiple comparison by Tukey in a MGL with the SAS 
V.8.0 software. Production variables were observed during 18 weeks, 
evaluating: weight (EW), egg mass (EM), eggs per female (EF), and 
laying % (LP). Significance (P < 0.01) was found between weeks for 
all variables, although not so for photoperiod interaction per week (P > 
0.05); likewise there was significant difference (P < 0.05) for LP, EF, and 
EM by photoperiod (18 weeks), showing a difference of 0.65% in EW 
between 18 h of light and 14 h of light treatments, as the photoperiod 
increased, although statistically there was no significant difference in 
EW (P > 0.05) with photoperiod variation. Thus, it was observed that 
there was an improvement in all productive variables with the higher 
amount of light treatment (18 h), with the exception of EW.

Key Words: pheasants, photoperiod, light-hours, egg production, 
egg-laying cycle

    191P   Comparison of hatchability between two reproductive 
cycles 2008 and 2010 of Mexican wild turkeys Meleagris gallopavo 
intermedia and shell measurements from the 2010 cycle, obtained 
in a conservation facility. C. S. G. Lopez1, F. G. Molina1, J. Yañez2, 
and L. J. A. Quintana*1, 1Universidad Nacional Autonoma de Mexico, 
Mexico D. F. Mexico, 2Secretaria de Medio Ambiente y Recursos 
Naturales, Valle de Bravo Edo de Mexico Mexico.

Artificial hatching of wild turkeys was compared between 2 productive 
cycles and percentages of fertility, hatchability and time of embryo death, 

shell thickness at obtuse pole, equator and acute pole were determined. 
Wild turkey eggs were received from a Wild Animal Research Center 
during 7 weeks, and artificially incubated at an altitude of 2240 momsl, 
from d 1 to 21 at a temperature of 37.5°C and 55% humidity. On d 24, 
incubators were adapted to become hatchers with a temperature of 
37.2°C and 75% humidity. On the same day, the eggs were candled to 
determine infertility and embryo death. The eggs were weighed, and 
diameter measured at the equator and between poles, as well as shell 
thickness at the equator, acute pole and obtuse pole. Average fertility 
and hatchability during the 7 weeks for the period of the year 2010 was 
63.75 and 11.02% respectively; a reduction was observed of 3.68 and 
1.7 in relation to the 2008 period. The young turkeys weighed on aver-
age 38.72 g; diameter between poles was 57.71 mm and at the equator, 
41.27 mm. Shell thickness of infertile eggs was: acute pole, 0.351 mm; 
obtuse pole, 0.335 mm and equator, 0.357 mm. Shell thickness of born 
turkeys were: at acute pole 0.372 mm; at obtuse pole 0.337 mm and at 
equator, 0.320 mm. Eggs from the born young turkeys had reduced shell 
thickness at the equator but not the poles. Values obtained were 0.12 mm 
lower than what has been reported in the literature, and this could have 
influenced the low hatchability percentage, since the thin shells reduce 
survival of embryos. In general, high mortalities were observed during 
the first stage of incubation, as well as extremity malformations of the 
embryo during the final incubation phase; this was similar to what had 
been observed in the 2008 cycle.

Key Words: wild turkey, fertility, artificial hatchability, shell measure-
ments

    192P   Applying buffered sulfuric acid salt solutions to built-up 
broiler litter provides ammonia control. P. Post*1SC, J. Bray1, 
and S. Mixon2, 1Stephen F. Austin State University, Nacogdoches, 
TX, 2Advanced Food Technologies LLC, Shreveport, LA.

An experiment was conducted to evaluate the efficacy of applying 
buffered sulfuric acid salt (SAS) at varying concentrations to built-up 
broiler litter for ammonia control. SAS and sodium bisulfate (SBS) treat-
ments were compared against a negative control for ammonia control 
and growth response. A total of 3,168 broilers were randomly placed 
in 48 (5 ft’ x 10 ft’) floor-pens at a stocking density of 66 birds/pen and 
reared to 49 d. Each pen was randomly assigned one of 8 treatments; 
each treatment had 6 replications. The treatments consisted of: TX 1 
(negative control), TX 2 (SBS @ 3.75lb/50 ft2), TX 3 (SAS @ 45 oz./ 
50f2t), TX 4 (SAS @ 29 oz./ 50ft2), TX 5 (SAS @ 43 oz./50ft2), TX 6 
(SAS @ 58 oz./ 50ft2), TX 7 (SAS @ 58 oz. + 1% CuSO4/50ft2), and 
TX 8 (SAS @ 72 oz./ 50ft2). Ammonia was monitored daily from bird 
placement to d 14. From d 15 to the study end, ammonia was monitored 
3 d per week. Ammonia levels were detected using a Matheson Toxic 
Gas Detector Model 8014KA. On d 49, 5 randomly-selected birds/pen 
were paw scored, using a 0–3 scale. All birds and remaining feed were 
collectively weighed on d 49 to calculate average body weight and feed 
conversion. At the completion of the study, average body weights and 
feed conversion were not significantly different between treatments. Paw 
scores were similar between treatments averaging severity ranged from 
1.00 to 1.11. TX 2 and 7 had the most birds exhibiting lesions, while TX 
8 had the fewest exhibiting lesions. Ammonia readings were minimal 
for the first 14 d of the study. All treated pens had lower daily average 
ammonia readings from d 5–18 when compared with the control pens. 
From d 15–22, ammonia production increased in all treatments, before 
leveling out for the remainder of the study. The results from this study 
indicate the use of a buffered SAS provides the best ammonia control 
during the early stages of production.

Key Words: sulfuric acid, sodium bisulfate, ammonia, litter, broilers
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    193P   Restricting enzyme supplementation of wheat-, barley- or 
rye-based diets to specific periods of the broiler’s life. B. A. Correia1, 
A. A. Figueiredo1, A. P. Ferreira1, C. I. Santos1, C. M. Fontes2, and M. 
M. Lordelo*1, 1Instituto Superior de Agronomia, Universidade Técnica 
de Lisboa, Lisboa, Portugal, 2Faculdade de Medicina Veterinária, 
Universidade Técnica de Lisboa, Lisboa, Portugal.

Levels of soluble non-starch polysaccharides in wheat are lower than in 
barley or rye. Young birds may adapt to the weak increment in digesta 
viscosity observed in wheat-, but not in barley- or rye-based diets. Thus, 
improvements in performance due to enzyme addition in wheat-based 
diets may be more pronounced in older birds and in barley- and rye- 
based diets in younger chicks. Three experiments were conducted to 
examine the performance of broilers fed wheat-, barley- or rye-based 
diets when enzyme was supplemented only in specific periods of the 
animal’s life. In experiment 1, 120 1-d-old Ross 308 male broiler chicks 
were assigned to 40 pens of 3 birds each. Treatments consisted of a 
wheat-based diet supplemented with enzyme for the entire 36, the last 
27, the last 18 and the last 9 d of the experiment or not supplemented. 
In experiment 2 and 3, 160 birds were assigned to 40 pens of 4 birds 
each. Treatments consisted of a barley- or rye-based diet for experiment 
2 and 3 respectively, supplemented with enzyme for the entire 28, the 
first 21, the first 14 and the first 7 d of the experiment or not supple-
mented. In wheat- and rye-based diets an enzyme mixture containing 
xylanase was used. In barley-based diet an enzyme mixture containing 
β-glucanase was used. Feed intake and body weight were determined 
weekly. At the end of each experiment, one bird per pen was killed and 
the weight and length of the gastrointestinal (GI) compartments were 
measured. Digesta samples were collected from GI compartments to 
determine xylanase activity and measure viscosity. Broilers fed diets 
supplemented with enzyme throughout their entire life had similar (P > 
0.05) growth performance, intestinal viscosity, GI enzyme activity and 
relative organ sizes to broilers fed supplemented diets only in the last 
18 d of experiment 1 and only in the first 21 d of experiments 2 and 3. 
Results suggest that the action of exogenous enzymes to supplement 
wheat-, barley- or rye-based diets for broilers is limited to specific 
periods of the animal’s life. Thus, supplementation may be restricted 
without being detrimental to performance.

Key Words: broiler, barley, enzyme, rye, wheat

    194P   The effects of a blend of separately encapsulated essential 
oils and organic acids on broiler performance. A. R. Mendes1, B. 
A. Correia1, P. Labarre2, P. Garres2, and M. M. Lordelo*1, 1Instituto 
Superior de Agronomia, Universidade Técnica de Lisboa, Lisboa, 
Portugal, 2NEAR, Orvault, France.

Essential oils (EO) and organic acids (OA) may reduce the prevalence 
of undesirable microorganisms in the intestinal tract and stimulate the 
production of digestive enzymes. Separate encapsulation of EO and OA 
may allow formulating personalized blends. In this experiment, 160, 
1-d-old Ross 308 male broiler chicks were assigned to 40 pens of 4 birds 
each. Treatments consisted of a basal diet supplemented with 0, 300g/ton 
of T01, 300g/ton of S01, 250 g/ton of S02 and 300 g/ton of S02. T01 was 
a commercial mixture of OA and EO encapsulated together. Both S01 
and S02 contained OA and EO encapsulated separately. Feed consump-
tion and body weight was determined weekly. Apparent metabolizable 
energy (AME) was determined between d 7 and 10 and between d 21 
and 24 of the experiment. At 28 d of age, one bird per pen was killed and 
the weight and length of the gastrointestinal (GI) compartments were 
measured. Digesta samples were collected from the GI compartments to 
measure viscosity. Broilers fed diets supplemented with T01 and 300g/

ton of S02 had similar growth performance and relative cecum length. 
Both treatments performed better (P < 0.05) than the negative control. 
Duodenum and jejunum chyme viscosity of broilers was not different 
between treatments. On the second week, AME of birds fed the negative 
control diet was significantly lower (P < 0.05) than AME of birds fed 
the remaining treatments. During the fourth week, AME of the negative 
control group only tended to be lower (P < 0.1) than groups receiving a 
diet containing either level of S02. Results from this experiment confirm 
that EO and OA have a positive effect on broiler growth. A higher dose 
of the S02 blend seems to be preferable to a 250 g/ton level or to the 
S01 blend. Product S02 performed equally better to the commercially 
available T01. The tested product S01 and S02 have the advantage of 
containing EO and OA separated in individually encapsulated forms. 
This new form allows a personalized mixture of EO and OA without 
compromising performance.

Key Words: broiler, encapsulation, essential oils, organic acids

    195P   Effects of supplementing Natugrain TS on performance 
of laying hens fed wheat-barley-rye-based diets. B. W. Cousins*1, 
P. Ader2, and M. Francesch3, 1BASF Corporation, Florham Park, 
NJ, 2BASF SE, Ludwigshafen, Germany, 3IRTA, Constanti, Spain.

An experiment was conducted to evaluate the efficacy of Natugrain TS 
(enzyme combination of xylanase and β–glucanase produced by BASF 
SE, Ludwigshafen, Germany) on the performance and egg quality of 
brown Hy-Line laying hens fed a wheat/barley/rye based diet. Seven 
hundred 20 hens were randomly assigned to cages across 2 treatments 
(24 replicates/diet, 3 cages of 5 hens each/replicate). Treatments were: 
Trt 1) Control (no enzyme) and Trt 2) Control + Natugrain TS (560 
thermostable xylanase units and 250 thermostable β–glucanse units/kg 
diet). Both diets contained 2700 kcal/kg of metabolizable energy(ME), 
17% crude protein, 0.012% Apo–ester 10% and 0.003% canthaxanthin 
10%. No ME adjustments were made for Trt 2. All other nutrients met 
or exceeded the 1994 NRC requirements for laying hens. Hen perfor-
mance was measured from 21 weeks of age to 68 weeks of age. Hens 
fed Natugrain TS had increased laying rate for the 21 to 44 week period 
(88.6% to 91.4%, P ≤ 0.01, Trt 1 and Trt 2, respectively) and the for the 
overall trial (85.2% to 87.5%, P ≤ 0.01, Trt1 and Trt 2, respectively). 
Enzyme supplementation (Trt 2) also resulted in an increase of 1.3 g 
for hen daily egg mass output (P ≤ 0.05) when compared with hens fed 
Trt 1. Enzyme supplementation improved feed conversion during the 
first 24 weeks (P ≤ 0.01) and by 2.5% overall (P ≤ 0.01). There was a 
tendency for increased yolk color for hens fed Natugrain TS at wk 36 
(P = 0.06) and 52 (P = 0.056). Enzyme supplementation did not have 
an effect on feed intake, egg weight, or percentage of dirty eggs. Based 
on the results of this study, the supplementation of Natugrain TS to 
wheat/barley/rye based diets and fed to laying hens from 21 weeks 
to 68 weeks of age will improve feed conversion, laying rate and hen 
daily egg mass output.

Key Words: layers, NSP enzyme, enzyme, eggs, Natugrain

    196P   Evaluation of organic Cu (Bioplex Cu) as a Cu source 
for chicks. T. Ao,* J. L. Pierce, A. J. Pescatore, A. H. Cantor, K. A. 
Dawson, M. Paul, and M. J. Ford, Alltech-University of Kentucky 
Nutrition Research Alliance, Lexington, KY.

An experiment was conducted to evaluate Bioplex Cu (copper protein-
ate) as an organic copper source for broiler chicks. A total of 336 1-d 
old male broiler chicks were used and housed in starter cages in an 
environmentally controlled room for 2wk. Feed and water were supplied 
on an ad libitum basis. Dietary treatments were: corn-soybean meal basal 
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diet without Cu supplementation or the basal diet with 3 supplemental 
levels of Cu (150, 250 and 350 mg/kg) either from Bioplex Cuor from 
analytical CuSO4·5H2O. All chicks were fed basal diet from d 1 to d 5. 
At d 6, chicks were weighed individually and randomly assigned to 7 
diets such that the average weight across dietary treatments was similar. 
There were 8 replicate cages of 6 chicks for each dietary treatment. 
Chicks had free access to treatment diets from d6 to d14. Body weight 
and feed intake were recorded during this time period. At the end of the 
trial, 2 birds from each cage were randomly selected and killed with 
argon gas to collect liver samples for the analysis of Cu. Chicks fed diets 
with a supplementation of 350 mg/kg Cu from both sources had lower 
(P < 0.01) feed intake, weight gain and gain to feed ratio compared 
with those fed basal diet or basal plus 150 mg/kg Cu as sulfate. Liver 
Cu concentration increased linearly (P < 0.01) as level of Cu in the diet 
increased. However, the increasing rate of liver Cu concentration was 
greater for chicks fed Bioplex Cu than those fed copper sulfate. Multiple 
linear regression of liver Cu concentration on actual Cu consumption of 
Bioplex Cu and copper sulfate resulted in a following equation: Y = 2.66 
X1 + 1.93 X2 – 45.3 (r2 = 0.79, P < 0.05), in which Y represents liver 
Cu concentration, X1 represents actual consumption of Cu as Bioplex 
Cu and X2 represents actual consumption of Cu as Cu sulfate. The slope 
ratio from this equation indicated that the relative bioavailability value 
of Bioplex Cu was138% compared with reagent-grade Cu sulfate.
Key Words: bioavailability, chick, copper proteinate, copper sulfate

    197P   The effect of Natugrain TS in a wheat/rye diet on 
production performance and nutrient digestibilities of laying hens. 
B. W. Cousins*1 and P. Ader2, 1BASF Corporation, Florham Park, 
NJ, 2BASF SE, Ludwigshafen, Germany.
Two experiments were conducted to evaluate the efficacy of Natugrain 
TS (enzyme combination of xylanase and β–glucanase produced by 
BASF SE, Ludwigshafen, Germany) on the performance, egg quality 
and nutrient digestibilites of laying hens fed wheat/rye based diets. In 
Exp 1, 1,152 18 week–old hens were randomly assigned across 2 treat-
ments (9 replicates x 64 hens/rep) – Trt 1) basal diet (no enzyme) and 
Trt 2) As 1 + Natugrain TS (560 thermostable xylanase units and 250 
thermostable β–glucanase units/kg diet). All hens were fed a commercial 
pullet diet until 21 weeks of age and then fed the wheat/rye basal diet 
until 26 weeks of age. At 26 weeks, hens assigned to Trt 2 were placed 
on their respective experimental diet. Experimental diets were fed in 2 
26–week phases for a total of 52 weeks. The basal diet was formulated 
to contain 2890 kcal/kg AME in phase 1 and 2825 kcal/kg AME in phase 
2. All other nutrients met or exceeded the 1994 NRC requirements for 
laying hens. In Exp 2, a total of 96 25 week–old laying hens (48 birds/
trt, 6 replicates of 8 hens each) were used to measure dietary nutrient 
digestibilities and dietary AMEn of the same diets used in Exp 1. In 
Exp 1, for the entire study, hens fed Natugrain TS had reduced feed 
intake (P ≤ 0.05), improved FCR (g feed/g egg) (P ≤ 0.05) and fewer 
dirty eggs (P ≤ 0.05) when compared with the hens fed Trt 1. There 
were no differences between treatments for egg production (g/day), egg 
weight (g/egg), egg shell quality, Haugh units and yolk color. In Exp 2, 
Natugrain TS supplementation increased (P ≤ 0.05) the digestibility of 
organic matter, protein and carbohydrates and increased dietary AME 
by 83 kcal/kg DM (P = 0.023). Based on the parameters measured in 
these experiments the supplementation of Natugrain TS to a wheat/rye 
based layer diet improved feed conversion, increased AME, reduced 
the number of dirty eggs and increased the digestibility coefficients of 
organic matter, protein and carbohydrates.

Table 1. Exp 2: Dietary nutrient digestibilities and energy content in wheat/
rye diet with and without Natugrain TS

Criteria
Enzyme,  
no

Enzyme,  
yes LSD P

Organic matter, % 73.4b 74.9a 1.24 0.022
Fat, % 69.6 74.4 5.21 0.064
Protein, % 79.4b 80.4a 0.84 0.030
Carbohydrate, % 71.9b 73.2a 1.10 0.026
AMEn, Kcal/kg DM 2868a 2951b 66.4 0.023

a,bMean values with a different letter differ significantly (P ≤ 0.05).
Key Words: layers, NSP enzyme, digestibility, eggs, Natugrain

    198P   Physico-chemical characteristics and fatty acid 
composition of oil from Thevetia peruviana seed. J. A. Olupona*1, 
O. O. Adejinmi1, and J. O. Atteh2, 1Federal College of Animal health 
and production technology, Ibadan, Oyo,Nigeria, 2University of Ilorin, 
Ilorin, Kwara, Nigeria.

The World demand for healthy edible oils and specialty products is at 
unprecedented levels. Therefore, there is need to look into unconven-
tional sources of oil such as Thevetia seed (63% oil) to meet this need. 
The physico-chemical characteristics and fatty acid profile of oil from 
Thevetia seed were determined using both thin layer chromatography 
and gas- liquid chromatography. The physical characteristics of the 
oil revealed acid value of 0.78, iodine number,107.67, saponification 
number, 196.67, peroxide value, 6.34m meq/kg, specific gravity, 0.931. 
The lipid separation showed Triglycerides as the predominant lipids. 
Free fatty acid, diglycerides were also detected. The major fatty acids 
identified in the oil and their percentage compositions are oleic (48.90), 
palmitic (20.39), linoleic (19.27) and stearic (7.56). The physico-chem-
ical characteristics of the oil compared favorably with other vegetable 
oils, indicating that the oil is as pure and edible as other oils.It is also 
believe that Thevetia oil is rich in anti-oxidants with some specific 
components of vitamin E groups. Although, relatively little research has 
been published regarding the potential benefits of including Thevetia 
oil in animal diets, it seems plausible that Thevetia oil can be used to 
improve animal nutrition and health.

Key Words: Thevetia oil, chromatography, fatty acid, triglycerides, 
anti-oxidants

    199P   Strategic use of dietary electrolyte balance and ratio for 
broiler chickens. M. Garcia-Neto,* J. P. Gamba, M. M. Rodrigues, M. 
J. A. Faria-Junior, and M. F. Pinto, UNESP - Univ Estadual Paulista, 
Araçatuba, SP, Brazil.

The literature reports dealing with the dietary electrolyte ratio (K+Cl)/
Na are rare, although the concept has been proposed by Mongin in 1981. 
Thus, its application appears to be limited as a nutritional strategy in 
feed formulation, which usually meets only the minimum nutritional 
recommendations in Na, K and Cl. The objective of this study was 
to evaluate the performance of broilers submitted to different dietary 
electrolyte balances (DEB) Na+K-Cl and dietary electrolyte ratio (DER) 
from 1 to 21 d of age. A total of 1575 male 1-d old broiler chicks were 
randomly assigned to 5 treatments with 9 replicates of 35 chicks each. 
The treatments consisted of diets with 5 relation of electrolytes, arising 
from combinations DEB/DER 150/3, 250/2, 250/3, 250/4 and 350/3, 
with use of NaCl, NaHCO3, KCl, K2SO4 and CaCl2. All diets were 
corn-soybean meal based and formulated to meet or exceed the NRC 
(1994) requirements. Chicks had ad libitum access to feed and water 
in floor pens with wood shavings as litter. Body weight, feed intake 
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and feed conversion ratio were measured at 21 d of age. It was found 
that only the feed conversion was significantly affected (P = 0.0142) 
by the combinations of relation of electrolytes (DEB and DER). The 
supplementation levels in DEB and DER were made to fit the data into 
a surface analysis to allow increasing levels of DEB (150–350 mEq/kg) 
and narrow and broad ratio of DER (2–4). For the canonical analysis 
of response surface was obtained the stationary point for body weight 
(DEB = 255.77 mEq/kg, and DER = 2.73:1) the value was 942.02 g; for 
feed intake (DEB = 251.69 mEq / kg and DER = 3.51:1), the value was 
1200.02 g; and for feed conversion (DEB = 254.62 mEq/kg and DER 
= 3.06:1) the value was 1.35. The results of this experiment indicated 
that the best performance was obtained with combinations of relation of 
electrolytes for DEB between 251 and 255 mEq/kg and DER between 
2.73:1 and 3.5:1.

Key Words: broilers, growth, electrolytes, performance, require-
ments

    200P   Strategic feed formulation for relation of electrolytes 
to promote performance and prevent heat stress in broilers. M. 
Garcia-Neto,* J. P. Gamba, M. M. Rodrigues, M. J. A. Faria Junior, 
and M. F. Pinto, UNESP - Univ Estadual Paulista, Araçatuba, SP, 
Brazil.

An experiment was conducted to evaluate the impact in relation of 
dietary electrolytes, based on changes in the balance Na+K-Cl (DEB) and 
the ratio (K+Cl)/Na (DER) on the performance and survival of broilers 
subjected to acute heat stress. A total of 1575 male broiler chicks from 
1 to 46 d of age were allocated in a 5x3 factorial arrangement in a com-
pletely randomized design, totaling of 15 treatments with 3 replicates 
of 35 birds each. The treatments consisted of 5 diets with electrolyte 
balances, arising from combinations DEB/DER (150/3, 250/2, 250/3, 
250/4 and 350/3), associated with different times of application or not 
of the acute heat stress on birds at 25 and 36 d old. All diets were corn-
soybean meal based and formulated to meet or exceed NRC require-
ments. Chicks had ad libitum access to feed and water in floor pens 
with wood shavings as litter. It was possible to verify that a DEB of 250 
mEq/kg and a DER very close to the 3:1 providing a more nutritionally 
adequate diet. There was, however, the impossibility of obtaining a more 
suitable electrolyte ratio for a very low DEB (150 mEq/kg) or very high 
(350 mEq/kg) and also, to a very narrow DER (2:1) or very wide (4:1), 
due to an unfavorable performance and survival rate of birds in these 
conditions electrolytes adjustments of K, Na and Cl. There was clear 
indication, with significant difference (P < 0.05), that the DER has the 
potential to improve the performance of broilers, since simultaneous 
adjustment made in DEB, even in conditions of acute stress. The results 
of performance and survival rate of this study also indicate clearly that 
DER could not replace the DEB, and vice versa, in practical diets for 
broilers. Therefore, it can be affirmed that the strategic formulation of 
the correct electrolyte balance for DEB and DER enhances the perfor-
mance and is able to prevent the effect of heat stress in broiler chickens, 
leading to better performance and survival.

Key Words: acute stress, growth, electrolytes, performance, require-
ments

    201P   Effect of BioPro on broiler chickens performance. B. 
F. Iglesias*1, J. O. Azcona1, M. V. Charriere1, and C. Lago2, 1INTA, 
Pergamino, Buenos Aires, Argentina, 2Porfenc SRL, Ciudad Autónoma 
de Buenos Aires, Argentina.

The use of antimicrobials as growth promoters (GP) is forbidden in the 
European Union from 2006, so it is necessary to evaluate alternatives to 

these products. Four studies on broiler’s performance were conducted 
to evaluate a probiotic based on Streptococcus faecium (BioPro) as feed 
additive. Three studies were carried out generating a challenge based 
on reused litter plus 11mL/m2 of an Escherichia coli solution (109 cfu/
mL) sprinkled at 7, 14 and 21 d of age. Also, coccidian oocysts (Eimeria 
sp.) were administered via ingluvial tube at d 3 of age (20.000 oocysts/
bird). A fourth study was performed without challenge. In all cases mash 
corn-soy diets were formulated according to Cobb’s recommendations 
and 2 treatments were compared: Control diets (without antibiotics) 
and BioPro diets (1.0 kg/tn in starter diet and 0.5 kg/tn in growing and 
finishing diets). For each study, a total of 252 d-old male Cobb-500 were 
distributed in a randomized block design (7 reps of 18 birds each). Tap 
water and feed were supplied ad libitum. Daily body weight gain (BWG) 
and daily feed intake (DFI) were recorded at 21 and 42 o 49 d (according 
to slaughtering age) and feed conversion ratio (FCR) was calculated. 
In the 3 studies with challenge, BioPro treatment had lower FCR (P ≤ 
0.05) at the slaughtering age (up to 3.3%). No differences in DFI and 
BWG were observed. In the study without challenge, BioPro treatment 
had higher DFI (3.1 and 2.2% at 21 and 49 d of age, respectively) and 
BWG (3.1 and 2.0% at 21 and 49 d of age, respectively) with similar 
FCR. In conclusion, the addition of BioPro at 1.0 kg/tn in starter diet 
and 0.5 kg/tn in the following diets improves FCR or DFI and BWG in 
trials with or without challenge, respectively.

Key Words: probiotics, growth promoters, challenge, coccidian oocysts, 
Escherichia coli

    202P   The evaluation of Topmax (ractopamine hydrochloride) 
administered at 4.6 g/ton to 11.8 g/ton to finishing hen turkeys 
for the last 14 days prior to slaughter for improved gain and 
feed efficiency. S. L. Noll*1, J. Trites2, R. Cox1, J. Brannon1, and W. 
Weber1, 1University of Minnesota, St. Paul, 2Elanco Animal Health, 
Greenfield, IN.

A study was conducted to determine the clinical effects of Topmax 
(2% ractopamine hydrochloride) (RAC) on growth performance in 
light hen finishing turkeys (1248, Hybrid Converter). After a 2 week 
acclimation period, turkey hens were fed one of 4 treatments with RAC 
supplemented at 4.6, 8.2, and 11.8 g/ton or a non-supplemented control 
(C) for the last 14 d before slaughter. The pen of turkeys (26 hens/pen) 
was the experimental unit with 12 replicates per treatment. Hens were 
weighed at 9 wks-6 d at the start and at 11 wks-6 d of age at the end of 
the treatment phase. Feed intake was measured. Six hens per pen were 
selected for the determination of carcass yield/parts weight and breast 
meat (pectoralis major) quality (color, terminal pH). Weights of the parts 
taken included breast meat (boneless, no skin) while the weight of the 
thighs and drums included bone and attached skin. Data were analyzed 
using mixed model procedures (SAS). Polynomial contrast tests were 
used to determine linear, cubic, and quadratic relationships with RAC 
level. RAC supplementation significantly affected average daily gain 
(ADG), feed efficiency (FE), drum and thigh weight, and breast meat 
color. Linear contrasts were significant for the above variables; in addi-
tion, cubic and quadratic contrasts were significant for breast meat color. 
Feed intake and breast meat pH were not affected. Significant improve-
ment in responses as compared with C were dependent on RAC level 
with FE improved by 6.1% at 4.6 RAC, ADG by 3.6% at 11.8 RAC, 
thigh weight by 3.6% at 8.2 RAC, and drum weight by 2.9% at 4.6 RAC. 
Meat quality of the breast major muscle was not affected negatively by 
RAC. Supplementation for 2 weeks with RAC before market improved 
light hen performance, especially feed efficiency and yield of drum and 
thigh parts for hens marketed at 11 wks-6 da of age.

Key Words: hen turkeys, ractopamine, performance, yield
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    203P   Effect of vitamin D deficiency in a diet low in calcium on 
the immune responses of broilers. A. Sheikhlar,* University Putra 
Malaysia, Serdang, Selangor.

A study was undertaken to assay the influence of vitamin D deficiency 
in a diet low in calcium on immune system of broiler chickens. The 
positive control diet included cholecalciferol (vitamin D3) and calcium 
based on NRC recommendation level. The deficient diet was similar to 
the positive one except without additional vitamin D3 and only 85% of 
calcium which is suggested for starter period. A-day old broiler chicks 
were used for this trail. Experimental period lasted 21 d. To meet the 
objectives, the following parameters were measured: performance, 
antibody and CBH response. Daily feed intake and weekly body weights 
were recorded throughout the experiment and then feed gain ratios were 
calculated. Mortality was recorded on a daily basis. CBH and antibody 
responses were determined using PHAP (Aslam et al., 1998) and sheep 
erythrocytes, a T cell-dependent antigen (Becker and Rudback, 1979; 
Tsiagbe et al., 1987) respectively. The experimental data were subjected 
to ANOVA by the GLM procedure of SAS (SAS Institute, 1990). 
Duncan’s multiple range test was used to determine significance of 
differences among means at P < 0.05. Growth performance negatively 
affected in the birds fed the diet deficient in calcium and Vitamin D3. 
Broilers fed deficient diet had significantly lower feed intake and growth 
rate compare with the positive control. The lowest CBH belonged to 
the birds fed the deficient diet (CBH response was measured at 20, 24 
and 28h after PHAP injection). The total antibody titer to SRBC was 
significantly different between deficient and positive control diet during 
the primary or secondary Anti body response. It could be concluded that 
vitamin D and calcium deficiency decreased the growth performance 
and the anti body production of the young birds.

Key Words: calcium and vitamin D deficiency, immune parameter, 
broiler chicken

    204P   Digestible Lysine requirement of broilers based on 
practical diet. F. Alemi*1, M. Shivazad2, M. Zaghari2, H. Moravej2, 
and A. Mahdavi3, 1Institute of Research Organization and Science 
Technology, Tehran, Iran, 2Poultry Science, University of Tehran, 
Karaj, Tehran, Iran, 3Faculty of Veterinary and Animal Science 
Semnan University, Semnan, Iran.

This study was conducted to estimate the requirement of digestible 
lysine for broiler from 35 to 49 d of age. 240 male and female Hybro 
chicks were used in a completely randomized design, consisted of 2 sex 
and digestible lysine levels (0.77, 0.84, 0.91, 0.98, 1.05 and 1.12%). 
Experimental diets were formulated to be isoenergetic, isonitrogenous, 
equal in electrolyte balance and adequate in digestible amino acid 
(AA) concentrations with the exception of lysine. All data were fitted 
to linear and quadratic curves. The result showed that BW, feed con-
version ratio were better than female. Fitted broken lines on different 
responses indicated break points at 0.93, 0.93 for body weight, 0.98, 
0.92 for FCR, 1.05, 1.05 for antibody titer against SRBC, 1.11, 1.03 for 
H/L, 1.08, 0.96 for immunoglobulin, for male and female, respectively. 
The results showed that digestible lysine requirement of male broilers 
for maximum breast yield percentage, plasma free lysine and antibody 
titer against Newcastle disease virus was exceeded the range of lysine 
levels tested. Also for female, digestible lysine requirement based on 
maximum breast yield percentage, plasma free lysine and antibody 
titer against Newcastle disease virus was 1.10, 0.93, 1.06 and 1.04% 
respectively. In conclusion, lysine requirements of broilers for perfor-
mance were lower than breast yield percentage and immune responses. 
Broken-line analysis showed that the concentrations of plasma free 
lysine were useful physiological indicator for determining digestible 

lysine requirement of male and female broilers. The results suggested 
that the estimated requirements based on exponential response curves 
were higher than estimated requirements by using broken-line model. 
High-yield male broilers should be fed a minimum of digestible lysine 
3.18 g/day in finisher. Lack of response on female broilers suggests that 
less dietary lysine may be needed for adequate response. In conclusion, 
supplementing L-lysine to meet the NRC recommended requirement for 
growth selectively decreased serum antibody, Ig levels and this effect 
increased probably mortality.

Key Words: digestible lysine, requirement, immune response, broiler, 
blood

    205P   Influence of a three Bacillus subtilis strain combination 
on the performance and jejunal morphology of broilers fed a 
mixed grain diet. A. M. Amerah*1 and M. I. Gracia2, 1Danisco Animal 
Nutrition, Marlborough, United Kingdom, 2Imasde Agroalimentaria, 
Madrid, Spain.

The aim of the present experiment was to examine the influence of a 
probiotic (Enviva Pro 202 GT) supplementation based on 3 Bacillus 
subtilis strains (BS8, 15AP4 and 2084) on the performance and jejunal 
morphology of broilers. Three treatments were employed: Control diet 
(C); Control diet supplemented with the probiotic at 7.5 × 104 cfu/g 
diet (T1); and Control diet supplemented with the probiotic at 1.5 × 105 
cfu/g diet (T2). Each diet was fed to 13 pens of 22 birds, half male and 
half female, each from d 0 to 42. Data were analyzed as a completely 
randomized design using GLM of SAS. Growth and final body weight 
were not influenced (P > 0.05) by dietary treatments. However, T1 
improved (−2.8%; P < 0.05) and T2 tended to improve (−1.7%; P = 
0.09) feed conversion, over the entire period, compared with control 
(1.72, 1.74 vs. 1.77g feed/g gain, for T1, T2 and C, respectively). Villus 
height in the jejunum was increased in birds fed T1 and T2 (P < 0.05) 
compared with those fed the C diet with no effect (P > 0.05) on crypt 
depth or villus height: crypt depth ratio. In conclusion, the addition of 
the 3 Bacillus subtilis strains improved feed conversion ratio which 
may be explained, in part, by increasing the surface area available for 
absorption in the jejunum.

Key Words: Bacillus subtilis, broilers, performance, probiotic, mor-
phology

    206P   The phytate phosphorus content of poultry feed 
ingredients. G. M. Pesti*1, C. J. Smith1, M. Y. Shim1, M. Tahir1,2, 
and N. E. Ward3, 1University of Georgia, Athens, GA, 2Agricultural 
University, Peshawar, Khyber Pakhtunkhwa, Pakistan, 3DSM 
Nutritional Products Inc., Parsippany, NJ.

Feed ingredient samples (533) were collected throughout the United 
States in 2009. They were analyzed for phytate P content using the 
method of Latta and Erskin (J. Agric. Food Chem. 28: 1313–1315, 
1980). The results are presented on an as-is basis. The most important 
ingredients on a volume basis, corn and soybean meal, were found to 
have moderate amounts of sample to sample variation (coefficients of 
variation, CVs = 14.0 and 7.7%, respectively). The ingredients with the 
most variation were either: 1) associated with corn and fermentation 
(Corn germ meal, 38.4%; Distillers Dried Grains, 42.1%;and Distillers 
Dried Grains with Solubles (DDGS, 23.8%), or 2) products that are mix-
tures of raw materials (Bakery Meal, 24.8%; Cookie Meal, 32.6%). Of 
the 9 ingredients analyzed here and in the NRC (Nutrient requirements 
of poultry, 1994) ingredient composition tables, there was fair agreement 
between results (R2= 0.74). Without wheat middlings comparison, values 
determined here were about 24% higher (R2=0.92) than those reported 
by the NRC (Nutrient Requirements of Poultry, 1994).
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Table 1. Phytate phosphorus content of poultry feed ingredients

 Mean Std Dev n Min Max
Bakery Meal 0.176 0.044 68 0.069 0.276
Barley 0.199 0.011 3 0.191 0.211
Canola Meal 0.637 0.027 21 0.571 0.685
Corn Gluten Meal 0.377 0.029 5 0.353 0.420
Cookie Meal 0.216 0.070 21 0.125 0.456
Corn 0.164 0.023 133 0.107 0.213
Corn Germ Meal 0.427 0.164 3 0.250 0.574
Distillers Dried Grains 0.196 0.082 23 0.015 0.380
DDGS 0.237 0.056 73 0.082 0.302
Wheat Middlings 0.712 0.055 31 0.538 0.781
PeanutMeal 0.379 0.015 3 0.367 0.396
Soybean Meal (47% CP) 0.355 0.003 4 0.352 0.358
Soybean Meal (48% CP) 0.357 0.027 108 0.228 0.489
Wheat 0.224 0.031 22 0.167 0.281

Key Words: Phytate, Phosphorus, Feedstuffs, Ingredients, Cereals

    207P   Effect of enzymatically hydrolyzed yeast on performance, 
immune function, and health of broilers challenged with E. coli 
O78. S. A. Adaiel1, A. A. El-Shafei1, and S. Jalukar*2, 1Animal Health 
Research Institute, Giza, Dokki, Egypt, 2Varied Industries Corporation, 
Mason City, IA.

Effect of a novel liquid form of enzymatically hydrolyzed yeast (EHY) 
sold under the brand name Celmanax liquid on performance, immune 
function, and health of broilers challenged with E. coli O78 was evalu-
ated. Three hundred, one day old native chicks were assigned to 3 rep-
lications with 4 treatments and 25 birds/pen/replicate. The treatments 
were 1) control, 2) EHY liquid 0.5 mL/L+ vaccination, 3) EHY liquid 
0.5 mL/L + vaccination + E. coli, and 4) control + Vaccination+ E. 
coli. Birds were vaccinated with NDV vaccine on d 20 and infected 
with E. coli O78 on d21. Birds were given EHY liquid 3 d pre and 
post vaccination. The trial period was d 1–49. Blood was collected to 
measure heterophil function, differential leukocyte counts, and NDV 
antibody titer. Weight gain, feed conversion, morbidity and mortality 
was recorded and 10 birds per treatment were sacrificed and infection 
in internal organs was determined. The data was analyzed statistically 
using F test. Weight gain and feed conversion (F/G) at 7 weeks of age 
was 1250 g and 1.83 respectively in EHY birds verses 997 g and 2.1 
in control birds (P < 0.05). The phagocytic activity of heterophils from 
chickens receiving EHY was 76.3% versus 47.6% in control birds (P 
< 0.05) on d23. The percentage of lymphocytes was higher in birds 
receiving EHY (P < 0.05). The NDV antibody titer was higher (P < 
0.05) in vaccinated chickens receiving EHY compared with control 
vaccinated chickens. Morbidity and mortality caused by E. coli was 
20% and 0% respectively in chickens receiving EHY versus 80% and 
30% in control. In challenged birds, E. coli was isolated from only 10% 
of birds receiving EHY versus 90% isolation in control birds. In con-
clusion, supplementation with Celmanax liquid significantly improved 
performance, cellular and humoral immunity and reduced morbidity 
and mortality in birds infected with E. coli O78.

Key Words: immunity, broilers, MOS, beta-glucan, E. coli

    208P   A protease-base feed enzyme increases intestinal villus 
length and improves the apparent digestibility of amino acids in 
young broiler chickens fed a corn-soybean diet. M. J. Wingate*1, 
H. Wang1, B .L. Black1, J. C. H. Shih1, and J. J. Wang2, 1North 
Carolina State University, Raleigh, 2BioResource International, Inc., 
Morrisville, NC.

A heat stable protease enzyme (Cibenza DP100) supplementation 
has been shown to increase growth performance and feed conversion 
ratio in broiler chicks (Odetallah et al., 2003, 2005). The present study 
investigates the effects of protease-base feed enzyme supplementation 
on intestinal morphology and amino acid availabilities during 3–12 d 
post-hatch. Male broiler chicks were randomized to 2 treatments (with 
or without enzyme) with 6 replicates each. Birds were weighed on d 1, 
12 and 21. Feed conversion ratios (FCR) were calculated for the 1–12 
d, 13–21 d, and 1–21 d periods. On d 3 through 7 and on d 12, chicks 
were sacrificed and segments of proximal and distal jejunum were pro-
cessed for histology and subsequent image analysis. On d 21, 5 healthy 
chicks were randomly selected from each replicate for analysis of ileal 
contents and calculation of amino acid digestibility. Protease-base feed 
enzyme supplementation increased weight gain of chicks on d 12 and 
21 and improved FCR during all periods studied. The length of villi in 
both regions of the jejunum was increased on d 4 through d 7 (P < 0.05). 
There was no effect of enzyme on crypt depth. Of the essential amino 
acids for broilers fed corn-soybean diets, the percentages of Met, Thr 
and Trp were increased by 3.2, 4.5 and 4.3%, respectively (P < 0.05). Of 
the nonessential amino acids, the availability of Gly, Hyd, Pro, Ser and 
Tyr were improved by 2.8 – 6.1%. In conclusion, the supplementation 
of a corn-soybean diet with Cibenza DP100 significantly increased the 
availabilities of 8 amino acids and enhanced the growth of villi during 
the first week post-hatch. These effects may explain why Cibenza DP100 
enhances growth performance in young chickens.

Key Words: protease, Cibenza DP100, broiler chickens, growth per-
formance, intestinal morphology

    209P   Comparison of the high pressure liquid chromatography 
and precipitation methods for measurement of phytate phosphorus 
in common United States feedstuffs from harvest year 2008. J. C. 
Remus*1, M. Hruby1, and C. E. Gilbert2, 1Danisco Animal Nutrition, 
St. Louis, MO, 2Danisco Animal Nutrition, Marlborough, Wilts, United 
Kingdom.

Phytate phosphorus (PP) level and variance in feedstuffs is a concern 
as phytic acid has not been a routine QC measurement in ingredient 
screening. In addition, different methods are available for analyses of 
phytic acid (PA), so questions arise as to how different values for PP 
are between the HPLC and precipitation methods and if much of the PP 
measured is there as intact inositol-6-phosphate (IP6). To answer these 
questions, 9 corn, 5 corn germ meal, 8 corn DDGS and 8 soybean meal 
samples from US harvest year 2008 were analyzed under both methods. 
Phytic acid was analyzed via the precipitation method of Ellis et al., 
1977 as well as the HPLC (IP6 only) method of Leytem et al., 2008. 
The PP level in each ingredient was calculated from the analyzed PA 
value by using the molecular weight percentage of P in PA. Phospho-
rus was analyzed by ICP (AOAC 965.17/985.01 modified). Of the 4 
ingredients surveyed, only corn germ meal and corn DDGs showed 
significant differences in analyzed PP between the methods (P < 0.01). 
These results indicate that the HPLC method provides a more accurate 
indicator of PP as IP6 for corn coproducts whereas either method can 
be used for corn or soybean meal as the PP present is IP6 rather than 
lower esters. More accurate knowledge of IP6 present in feed allows for 
more accurate phytase inclusion to meet goals of use for this enzyme. 
Lastly, the range in measured P for corn germ meal may merit special 
quality control consideration.
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Table 1. 

Ingredient Parameter P, % HPLC 
PP, %

Precipitation  
PP, %

Corn Mean 0.21 0.20 0.16
 Range 0.15-0.25 0.16-0.30 0.12-0.20
 CV 13.8 20.1 18.9
Corn Germ Meal Mean 0.61 0.22a 0.41b

 Range 0.49-0.76 0.17-0.30 0.30-0.57
 CV 18.1 23.0 26.3
Corn DDGS Mean 0.77 0.13a 0.25b

 Range 0.68-0.80 0.06-0.17 0.05-0.35
 CV 9.7 23.7 35.7
Soybean meal Mean 0.65 0.43 0.46
 Range 0.61-0.71 0.40-0.45 0.44-0.50
 CV 3.8 4.4 4.2

Key Words: phytic acid, phytate phosphorus, phosphorus, IP6, feed-
stuff

    210P   Effect of encapsulated calcium butyrate on growth 
performance, biochemical and histomorphometric studies of 
broilers. P. Kumar, R. Mani, P. Ramaya, S. Chinnadurai, and C. 
Raju,* Kemin Industries South Asia Pvt Ltd, Chennai,TamilNadu, 
India.

Short chain fatty acids are known as good bioregulators and gut stimu-
lants. When pure non coated butyric acid is supplemented to poultry it is 
not available to distal part of the gastro intestinal tract. It is metabolized 
in the upper part. The purpose of the study was to evaluate the effect 
of an encapsulated product containing 50% calcium butyrate and a 
non coated 98% sodium butyrate on the growth performance, serum 
metabolites, humoral immunity, and intestine morphology of broiler. 
The in vivo study consisted of a control group without test additives 
and 2 treatment groups. Treatment 1 was encapsulated calcium butyrate 
(100 g/ton feed) and treatment 2 was non-coated sodium butyrate (250 
g/ton feed). The trial was conducted in Cobb broilers for a period of 42 
d on floor pens and fed mash feed. Parameters such as individual bird 
weight, feed consumption, and mortality were measured on a weekly 
basis. The feed:gain was calculated. Blood serum metabolites and the 
intestinal histomorphometry for small intestinal sections were analyzed 
on d 21 and 42 of the study. Birds supplemented with encapsulated 
calcium butyrate at 100 g/ton dosage had the highest body weight, 
1919 g on d 42 with a FCR of 1.69. There was no significant change in 
blood serum glucose, cholesterol, protein, calcium, or phosphorus on 
d 21 or 42 in either treatment groups. A significant (P < 0.05) decrease 
was observed in serum uric acid levels in all treatment groups on the 
d 42. A significant increase (P < 0.05) in the HI titer was observed in 
all the treatment groups as compared with the control. The addition of 
encapsulated calcium butyrate also significantly increased (P < 0.05) 
the height of the intestinal villi in the duodenum, jejunum, and ileum. 
A numerical increase in the villi density was observed in all the treat-
ment groups. From the results it could be concluded that encapsulated 
calcium butyrate at 100 g/ton increased the height of villi and increased 
the surface area for absorption of nutrients. This had a beneficial effect 
on the overall performance of the broiler chicken.

Key Words: encapsulation, calcium butyrate, growth performance, 
intestinal histomorphometry, broiler

    211P   Effect of a three Bacillus subtilis strain combination 
on the performance, carcass quality and acute phase proteins 
of broilers fed a mixed grain-based diet. A. M. Amerah*1 and 

M. I. Gracia2, 1Danisco Animal Nutrition, Marlborough, United 
Kingdom, 2Imasde Agroalimentaria, Madrid, Spain.

The aim of the present experiment was to examine the influence of 
a probiotic (Enviva Pro 202 GT) based on 3 Bacillus subtilis strains 
(BS8, 15AP4 and 2084) on the performance, carcass quality and blood 
levels of acute phase proteins (haptoglobin and ceruloplasmin) of 
broilers. Three treatments were employed: Control diet (C); Control 
diet supplemented with the probiotic at 7.5 × 104 cfu/g diet (T1); and 
Control diet supplemented with the probiotic at 1.5 × 105 cfu/g diet 
(T2). Each treatment was applied in the starter (0–21d) and in the fin-
isher (22–35d) phase and trial lasted for 35d. There were 13 pens of 22 
birds, half male and half female, per treatment. Data were analyzed as a 
completely randomized design using the GLM procedure. Average daily 
gain was not influenced (P > 0.05) by the dietary treatments during any 
period. Probiotic supplementation tended (P = 0.09) to improve feed 
conversion both in the starter (1.66 and 1.67 vs. 1.73 g/g; T1 and T2 vs. 
C, respectively) and in the finisher phases (1.76 and 1.78 vs. 1.82 g/g; 
T1 and T2 vs. C, respectively). However, over the entire period (0–35 
d), birds fed diets supplemented with probiotic at the 2 levels had a 
better (P < 0.05) feed conversion compared with those fed the control 
diet (1.72 and 1.73 vs. 1.78 g/g; T1, T2 vs. C, respectively). Carcass 
recovery, fat pad, breast meat yield, serum cholesterol, haptoglobin and 
ceruloplasmin were not influenced (P > 0.05) by dietary treatments. In 
conclusion, the addition of the 3 Bacillus subtilis strains to broiler diets 
had beneficial effects on broiler performance and caused no change in 
blood levels of haptoglobin and ceruloplasmin, which can be indicative 
of detrimental inflammation.

Key Words: broilers, Bacillus subtilis, acute phase proteins, carcass 
quality, probiotic

    212P   Scientific assessment on the use of coccidiostats and 
histomonostats as feed additives in poultry diets in the European 
Union. M. V. Vettori,* M. Anguita, J. Galobart, and C. Roncancio 
Peña, European Food Safety Authority (EFSA), Parma, Italy.

In the European Union (EU), feed additives need to undergo an authori-
sation procedure as established in the Regulation (EC) No 1831/2003 to 
be placed on the market. The European Food Safety Authority (EFSA) 
is responsible of assessing the safety and efficacy of feed additives. One 
of the effects that an additive may have is to have a coccidiostatic or 
histomonostatic effect, that means substances that are intended to kill 
or inhibit protozoa, coccidiostats and histomonostats. The assessment 
of a feed additive is based on the technical dossier prepared by appli-
cants and focuses on 3 main parts: (A) Identity and characterization of 
the additive The additive and its active substance need to be properly 
identified and characterized; (B) Safety The additive should be safe 
for the target animals (including the microbiota), the consumers of 
food derived from animals fed with the additive, the users and for the 
environment; (C) Efficacy The claim on the coccidiostatic effect and/or 
histomonostatic effect should be demonstrated on in vivo trials in each 
target species/category. The assessment finishes with the adoption of a 
scientific opinion which will be the basis for the European Commission 
to grant or deny the authorisation of the product for its use in the EU 
market. Currently in the European market there are a total of 11 active 
substances (including one combination of 2 active substances) that are 
authorised for its use in feed (depending on the product) for chickens, 
turkeys and rabbits and/or for different categories: fattening animals, 
poultry reared for laying and rabbits for breeding purposes.

Key Words: poultry, coccidiostats, Europe, safety, efficacy
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    213P   Effects of an enzymatic complex supplementation on the 
performance of laying hens of white eggs. M. Ramalho Lima, F. G. 
P. Costa,* S. A. N. Morais, R. B. Sousa, and S. G. Pinheiro, Federal 
University of Paraiba, Areia, Paraiba, Brazil.

The aim of this work was to evaluate the effect of the enzymatic supple-
mentation in the diet of white layers on the productive performance. 
Four hundred- 40 8 with layers with 30 weeks of age of the Dekalb 
White kind had been used. The birds had been distributed in a delinea-
tion entirely randomized in triple factorial 2 × 2 x 2 (2 values of protein 
reduction, 0 and 0.4%; 2 kinds of diet formularization, if reformulated 
or not; and the presence and not presence of the enzymatic complex), 
totalizing in 8 treatments of 7 repetitions of 8 birds each. The feed intake 
was evaluated (g/bird/day), egg production (%/bird/day), egg weight 
(g/egg), egg mass (g/bird/day), feed egg mass conversion (kg/kg) and 
dozen of eggs (kg/12). After analysis of the data, was verified that the 
reformulated diet of improve one better daily egg production (95.5A) in 
comparison to the normal diet (94.4B), however, this exactly behavior did 
not happen again in the eggs weights, having contrary effect, with 64.0B 
versus 65.0A for the reformulated diets and normal diets, respectively. 
Thus, we can conclude that the enzymatic supplementation improve 
one better performance of the white layers when they are fed with diets 
with nutritional reductions

Key Words: productive efficiency, egg production, enzymatic supple-
mentations

    214P   Live perfomance and amino acid utilization of turkey 
starter diets supplemented with a novel mono component protease. 
A. Favero*1SC, S. L. Vieira1, A. A. Klein1, J. O. B. Sorbara2, and N. 
C. Mascarello1, 1Universidade Federal do Rio Grande do Sul, Porto 
Alegre, RS, Brazil, 2DSM Nutritional Products, Sao Paulo, SP, Brazil.

Protein and AA exert great cost pressure when linear feed formulating 
turkey diets. A study was conducted to evaluate the supplementation 
of a serine protease (Nocardiopsis prasina) provided to male Nicholas 
turkey poults from 1 to 26 d of age. A Control (T1) corn-soybean meal 
diet was formulated following Brazilian commercial usual standards 
(2,900 kcal ME/kg; 27.94% CP; 1.69%; 1.48% Ca; 0.76% AvP; dig. 
AA = Lys; 1.02% SAA; 1.03% Thr). A flat reduction of 14% in protein 
and AA requirements was applied to the Control to formulate T2 and 
T3 diets (24.21% CP; 1.46% Lys; 0.88% SAA; 0.89% Thr). A further 
protein and AA reduction was applied using digestibility improvements 
previously obtained with broiler chickens of 1.014% CP, 0.024% Lys, 
0.055% SAA, 0.077% Thr (Matrix) to formulate T4 and T5 (23.19% 
CP; 1.44% Lys; 0.84% SAA; 0.81% Thr). Treatments T3 and T5 were 
supplemented with 200 ppm of protease (15,000 PROT units from 
RONOZYME ProAct). Each treatment was represented by 8 replicate 
pens of 15 poults each. Body weight was lower with the first step reduc-
tion in protein/AA, but without further impairment when the Matrix 
reduction was applied. This response showed no benefit of the enzyme 
supplementation, regardless of the dietary protein level (P > 0.05). Feed 
conversion showed 2 levels of impairment with the 2 step protein reduc-
tion (P < 0.05) with the protease supplementation providing benefit when 
the Matrix reduction was used (P > 0.05). There were no differences in 
carcass yields between the treatments. When comparisons were made 
within the same protein level the protease increased ME values as well 
as the digestibility of CP and Asp, Glu, Ser, His, Thr, Tir, Cis, Ile, Phe, 
and Lys (P < 0.10).

Key Words: turkey, protease, amino acid

    215P   Short-term supplementation of vitamin D3 on plasma 
calcium concentration of broiler chickens. C. M. Komiyama*1, A. 
A. Mendes1, C. Sanfelice1, T. M. Nascimento1, A. P. Araujo1, P. M. 
Padilha2, and R. C. F. Neves2, 1Faculdade de Medicina Veterinaria 
e Zootecnia/ UNESP, Botucatu, Sao Paulo, Brazil, 2Instituto de 
Biociencias/ UNESP, Botucatu, Sao Paulo, Brazil.

Due to the increased demand for quality carcass parts, it became clear 
that a 6 to 8 h postmortem aging before cutting up is necessary to prevent 
meat toughening. However, the aging of carcasses or breast halves are 
costly because of the space required to store the carcasses, energy cost, 
and logistics of moving products. As a result of this, many processors 
decided to debone the carcass before rigor mortis resolution. Thus, the 
present study aimed at evaluating if the short-term supplementation of 
vitamin D3 to broilers would increase blood calcium and how long it 
remained high because the increased blood calcium would cause greater 
calpain activity during postmortem aging of breast, while would improve 
muscle contraction. For this, 60 Cobb strain (n = 15) were assigned 
to one of 4 experimental finishing diets containing 2,500 (control), 
3,500, 4,500 and 6,000 UI of supplemental vitamin D3 (as-fed basis). 
These birds were allotted randomly in experimental cages at one day 
of age, with 5 replicates of 3 birds per cage. These experimental diets 
were supplied during one week before slaughter, 35 up to 42 d of age. 
Blood samples were collected from 3 birds per treatment in each day, 
2 d before treatment and at 24-h interval for 7 d during treatment, and 
then at 48-h interval for the remaining 7 d of the experiment. Calcium 
plasma measured before vitamin D3 supplementation did not differ 
between treatments. However, after the first day of supplementation 
significant difference was observed, in which 6,000UI supplementation 
had high concentration of plasma calcium. After this day, there was no 
influence of treatment on plasma calcium. These results indicated that 
the higher supplementation level used in this study caused change on 
plasma calcium only one day after supplementation and possibly it could 
be used to improve meat tenderness.

Key Words: calcium, pH, rigor mortis, supplementation, tenderness

    216P   Effects of the addition of a yeast culture and enzymatically 
hydrolyzed yeast to low-energy diets based on different type 
of cereals fed to broiler chickens. M. L. Angeles*1, S. Gómez1,2, 
E. Ramírez1,2, and S. Jalukar3, 1INIFAP, Ajuchitlán, Querétaro, 
México, 2FESC-UNAM, Ajuchitlán, Querétaro, México, 3Varied 
Industries Corporation, Mason City, Iowa, USA.

An experiment was carried out to evaluate the growth performance, 
nutrient retention and the apparent metabolizable energy corrected to 
zero nitrogen retention (AMEn) in broiler chickens fed low-energy diets 
based on 3 different cereals added with a yeast culture and enzymatically 
hydrolyzed yeast (YC-EHY). One hundred and 8 Ross B308 male broiler 
chickens of 22 d of age were used. Broilers were allocated in individual 
crates and assigned to 6 dietary treatments in a factorial arrangement 
of 3 cereals (Sorghum, S; Corn, C; and Wheat, W) and 2 formulations 
(Normal energy, NE; and Low energy, LE, plus 1 kg of Celmanax/ton of 
feed as a source of YC-EHY). The growth performance variables were 
registered from 22 to 42 d of age and from 43 to 46 d total excreta was 
collected to estimate the nutrient retention and the AMEn. The weight 
gain was higher and the feed conversion was lower for W (P < 0.01) 
than for S and C. Also, the intake and excretion of dry matter, nitrogen 
and energy were greater (P < 0.01) for W compared with S and C. The 
dry matter, nitrogen and energy retention were greater (P < 0.01) for C 
related to S and W. But, the AMEn was greater (P < 0.05) in W than in 
S or C. The ME intake was lower (P < 0.01) for LE+YC-EHY, but the 
growth response variables between NE and LE+YC-EHY were simi-
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lar. The dry matter, nitrogen and energy excretion was lower and the 
retention was higher for LE+YC-EHY than for NE; no differences were 
seen on the AMEn. In summary, broilers fed W had enhanced growth 
performance due to greater nutrient intake and AMEn value of the diet 
compared with broilers fed S or C. Regardless of the cereal, broilers fed 
NE and LE+YC-EHY showed similar growth performance and AMEn 
value of the diets, mainly because LE+YC-EHY fed broilers showed 
greater dry matter, nitrogen and energy retention.

Key Words: yeast culture, enzymatically hydrolyzed yeast, low-energy 
diets, AMEn, broiler chickens

    217P   The potential role of valine in commercial poultry diets. S. 
D. Goodgame*1SC, C. Coto1, F. Mussini1, C. Lu1, A. Karimi2, J. Yuan1, 
and P. Waldroup1, 1University of Arkansas, Fayetteville, 2University of 
Kurdistan, Sanandaj, Kurdistan, Iran.

A study was conducted to determine the potential role of supplemental 
valine in formulating practical broiler diets based on recommended 
levels of digestible amino acids. Six-hundred Cobb 500 d-old male 
chicks were placed in battery cages (5 chicks/cage). Birds were fed a 
series of starter dietary treatments from d 1 to 21, and grower dietary 
treatments from 21 to 35 d. Treatments consisted of diets formulated 
from recommendations by Rostagno et al. (2005) to provide 90, 95, 
100, 105, and 110% of the digestible amino acid requirements with and 
without supplemental valine for a total of 10 experimental diets. For d 
1 to 35, overall performance as noted by average body weight (BW), 
feed conversion ratio (FCR), and average daily feed intake (ADFI), was 
significantly higher in the 105 and 110% diets. Individually, the supple-
mental valine diets showed no significant difference in performance 
from the non-supplemented valine diets at all levels. The estimated 
amino acid requirement for male broiler chick performance for BW 
for 1–21 d was 102.3% of the Rostagno recommendations while the 
estimated amino acid requirement for BW for 21 to 35 d was 101.1% 
of the recommendations. The results of this study indicate that broiler 
diets with supplemental valine performed as well as higher crude protein 
diets formulated without valine.

Key Words: valine, amino acids, broiler diets

    218P   Cowpeas (Vigna unguiculata) and pigeon peas (Cajanus 
cajun) as poultry feed ingredients in Mozambique: Effects on 
growth and gut health. F. D. Anjos1, M. Vazquez-Anon2, F. Yan2, J. 
Dibner2, and E. Dierenfeld*2, 1Eduardo Mondlane University, Maputo, 
Mozambique, 2Novus International, St. Louis, MO.

Studies were conducted to evaluate production responses of chickens 
fed varying levels of native legumes known to contain anti-nutritional 
factors (ANF). Study 1: 20% raw or heat-treated Mozambique (MZ)-
sourced cowpeas was incorporated to a typical corn-SBM starter diet 
(control) and fed ad libitum from d 1–9, 48 Ross male broilers housed 
in battery cages (3 treatments, 8 birds/cage). Study 2: 516 Ross male 
broilers assigned to 72 battery cages (6–8 birds/ pen) were fed starter 
mash ad libitum from 1 to 14 d, with 12 dietary treatments: control vs. 
heat-treated (extruded or oven-dried) or raw black-eyed peas, cowpeas, 
or pigeon peas, with or without digestive enzymes, with alternative 
legumes included at 40%. Feed consumption and growth were measured, 
and feed conversion (FC), and performance indices (PI) calculated. 
Gut health, assessed histologically and microbiologically, and digesta 
viscosity, were evaluated. In Study 1, no effect of diet was noted at d 
5 (P > 0.05), but PFG differed (P < 0.05) by d 9, due entirely to heat 
treatment. Early gut morphology (d 5) differed between chicks fed 
roasted vs. raw cowpea; chicks fed raw cowpea displayed inflammation; 

treatment differences disappeared by d9. For Study 2, by d 7, BW gain 
was not different among groups consuming control or extruded diets, 
with or without enzymes; other treatments resulted in smaller birds. 
By d 14, all birds consuming MZ legumes, regardless of treatment, 
were smaller (P < 0.05) than controls; FC followed similar patterns. 
Heat treatment improved bird performance and gut morphology, but 
had no consistent effect on digesta viscosity or Clostridia measures. 
Inclusion of MZ legumes at 20% resulted in no loss of performance, 
but suggested ANF effects in the gut that were compensated. Heat and 
enzyme treatments improved feed utilization and gut health, even at 
higher inclusions, providing evidence for efficacy of native legumes 
in poultry diets in MZ.

Key Words: African legumes, gut inflammation, heat processing

    219P   Effect of CTCzyme β-Mannanase on broiler performance 
and dry matter output using corn-soybean meal based diets. F. J. 
Mussini*1SC, C. A. Coto1, S. Goodgame1, C. Lu1, A. J. Karimi2, J. Lee3, 
and P. W. Waldroup1, 1University of Arkansas, Fayetteville, 2University 
of Kurdistan, Sanandaj, Kurdistan, Iran, 3CTC Bio Inc., Seoul, Korea.

The effect of a CTCzyme enzyme on broiler performance and dry matter 
output in corn-soybean meal diets was investigated.120 One-day-old 
male chicks received the same basal diet based on corn-soybean meal 
for 19 d. At that day birds were randomly allocated to 4 treatments, 
each of which had 6 replicates of 5 birds. The birds were weighted 
by pen. Aliquots of the basal diet were supplemented with 4 levels of 
the CTCzyme: 0%, 0.025%, 0.05% (recommended level) and 0.1%. 
Chromic oxide was used as tracer. After 8 d of acclimation excreta 
was collected daily, weighted and dried at 130°C for 24 h to obtain 
the dried matter output. After 7 d of excreta collection the birds were 
weighted and the experiment was terminated. There were no signifi-
cant differences for body weight gain, feed conversion or feed intake. 
The addition of CTCZyme at the inclusion level of 0.05%, and 0.1% 
significantly reduced (P < 0.002) the daily dry matter excreta output 
per bird. Analysis of the excreta showed a reduction of the nitrogen 
level as the level of CTCZyme increased indicating an increment of 
nitrogen utilization by the bird. Gross energy of the excreta decreased 
as the inclusion level of the enzyme increased. Calcium and phosphorus 
levels increased with increasing levels of the enzyme, possibly due to 
a concentration effect. Higher levels of chromium in the excreta were 
observed with the increment of the enzyme suggesting an improve-
ment on the feed digestibility product of the effect of the β-mannanase. 
These data indicate that nutrient digestibility is enhanced by the effect 
of CTCZyme. The reason for the increasing digestibility not showing 
on broiler performance may be due to the short time the enzyme was 
included in the diet. Also, it has to be taken into account that the diet 
protein levels covered by large the birds growing needs and it is pos-
sible that birds were just not able to assimilate the now more available 
amino acids due to the effect of CTZyme.

Key Words: β-mannanase, broilers, dry matter, excreta

    220P   The Effects of Different Levels of Aloe Vera Gel on 
Serum Lipid and Abdominal Fat: A Comparison to Antibiotic 
Effects in Broilers. B. Darabi Ghane*1SC, A. Zarei1, and A. 
Zare Shahneh2, 1Islamic Azad University-Karaj Branch, Karaj, 
Iran, 2University of Tehran, Karaj, Iran.

Using growth stimulus like antibiotic and the increased level of lipids 
in carcass has been an issue in poultry industry during the recent years 
and many customers have shown their dislike to such substances. Also, 
concerns over the antibiotics remaining in the body and bacteria resis-
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tance to antibiotics have created a trend toward finding replacements 
for antibiotics in poultry feeds. An important replacement for growth 
stimulating antibiotics in poultry is herbal treatment. The present study 
attempts to investigate the effects of different levels of aloe vera gel on 
serum lipid and abdominal fat compared with antibiotic in 300 male 
broilers from Ross 308 strain in a completely randomized design with 
5 groups each with 4 replicates consisting of 15 chickens. The groups 
included the control group (basal diet), 3 groups with basal diet and dif-
ferent levels of aloe vera gel (1.5, 2, 2.5 percent mixed with feed), and 
finally a group with 15 ppm the antibiotic virginiamycin. Two birds were 
taken among 42-d-old broilers in each replicate on a random basis and 
their blood sample and abdominal fat were taken. The lowest level of 
triglyceride and LDL was observed in the group treated with 2 percent 
aloe vera gel showing a significant reduction compared with the control 
group and the antibiotic treatment (P < 0.05). Further, the highest level 
of HDL was observed in the group treated with 2 percent aloe vera gel 
showing a significant increase compared with the control group and 
the antibiotic treatment (P < 0.05). Increase in aloe vera gel in broilers 
feed resulted in significant reduction in cholesterol level of aloe vera gel 
treatments as compared with the control and antibiotic treatments. The 
relative weight of abdominal fat decreased as aloe vera gel content was 
raised in broilers feed. This led to a significant reduction of abdominal 
fat in 2.5 percent aloe vera gel treatment compared with the control and 
antibiotic treatments. In summary, aloe vera gel can in general result 
in reduction in the amount of serum lipid as well as abdominal fat and 
therefore in the carcass fat content.

Key Words: aloe vera gel, antibiotic, serum lipid, abdominal fat, 
broiler

    221P   Effect of 25-hydroxy-cholecalciferol (25-OHD3) vitamin 
supplementation of broiler chickens finishing diet on meat quality. 
C. Sanfelice,* A. A. Mendes, C. M. Komiyama, T. M. Nascimento, A. 
P. Araújo, B. B. Martins, I. Arruda, and B. C. S. Fernandes, Faculdade 
de Medicina Veterinária e Zootecnia, UNESP, Botucatu, SP, Brazil.

Studies using vitamin D3 supplementation of finishing animals diet 
show increased meat tenderness because vitamin D (D3 and 25-OHD3) 
increases levels of calcium on plasma and tissue. Thus, the objective of 
this study was to determine the effect of vitamin 25-OHD3 supplementa-
tion of broilers on final diet to improve the meat quality. Forty 5 male 
broiler chickens, of Cobb strain were allotted randomly in experimental 
cages at 28 d of age, with 5 replicates of 3 birds per cage. At 35 d of 
age, birds were fed with final diet, control or supplemented with vitamin 
25-OHD3, characterizing each treatment. All diets contained 2,500 IU 
of vitamin D3, recommended amount in the final diet of broilers. Thus, 
the Treatment 1 (control diet) only contains this vitamin (2,500 IU of 
vitamin D3/kg ration); Treatment 2, was supplemented with 1,000 IU 
of 25-OHD3 vitamin totaling 3,500 IU vitamin D/kg diet; Treatment 3 
was supplemented with 2,500 IU of 25-OHD3 vitamin totaling 5,000 
IU of vitamin D/kg diet. All diets were provided for 7 consecutive 
days. At 42 d of age, 45 birds were slaughtered at the bird experimental 
processing of FMVZ/UNESP. After the slaughter proceeded with the 
cutting of carcasses, boneless breasts were collected, and the remaining 
was packed at 2°C. At 24 h postmortem there were realized analysis 
of pH, color, cooking loss and shear force. Data were analyzed using 
the GLM procedure of SAS. There were no differences (P < 0.05) in 
any of the quality parameters. Therefore, it is concluded that 25-OHD3 
vitamin supplementation in final ration was not enough to cause changes 
in tenderness and other parameters of meat quality, being necessary 
to combine other methods such as different times of maturation and 
deboning to cause a possible effect on these parameters.

Key Words: calcium, pectoralis major, color, chicken, tenderness

    222P   Meat characteristics of broiler chickens fed graded 
levels of dried poultry droppings meal with or without methionine 
and lysine supplementation. E. S Apata*SC and D. B Oke, Olabisi 
Onabanjo University, Yewa, Abeokuta, Nigeria.

The objective of this study was to determine the influence of feeding 
broilers finisher diet with dried layers dropping meal (DLDM) with or 
without methionine and lysine supplementation on the physical and 
organoleptic characteristics of broiler meat. The DLDM was included 
at 0% (control diet no DLDM as well as methionine and lysine supple-
mentation), 25%, 50%, 75%, and 100% with methionine and lysine 
supplementation (diets 2–5) as well as at 25%, 50%, 75%, and 100% 
without methionine and lysine supplementation(diets 6–9). The diets 
were designated as 1, 2, 3, 4, 5, 6, 7, 8, and 9, respectively. One hundred 
and 80 Marshall Day old broiler chicks that were previously reared on 
a standard broiler starter diet for 4 weeks were used for this study. The 
birds were randomly assigned to 9 treatment groups with each having 
4 replicates and 5 birds in each replicate per diet. Results showed that 
birds fed diets having DLDM inclusion with methionine and lysine 
supplementation had significantly (P < 0.05) higher meat water holding 
capacity, lower (P < 0.05) cooking and drip losses, thermal shortening, 
shear force values as well as higher (P < 0.05) containing DLDM without 
methionine and lysine, but was poorly accepted. This study therefore, 
showed that feeding diet containing cooking yield, flavor and overall 
acceptability scores. The color of the meat from birds fed diets containing 
DLDM with methionine and lysine supplementation was relatively high, 
it was higher (P < 0.05) in meat from birds DLDM with methionine and 
lysine supplementation was beneficial to finisher broilers as it enhanced 
the physical and organoleptic quality of the birds’ meat.

Key Words: broiler chicken, meat, poultry droppings, methionine, 
lysine

    223P   Mineral composition of distillers dried grains with 
solubles. A. B. Batal* and N. M. Dale, University of Georgia, Athens.

During the past few years an appreciation of the trace mineral (TM) 
content of the most common feed ingredients has become increasingly 
important for 3 principal reasons. First, precision nutrition of high 
producing strains demands an accurate knowledge of the entire nutrient 
content of the diet. Second, the increasing use of organic forms of trace 
minerals is understood to build upon the TM base of the major feed 
ingredients. Third, it is well recognized that excess dietary nutrients 
are voided into the excreta, possibly causing environmental issues. To 
address these concerns, this laboratory has previously examined the TM 
content of currently available yellow corn and dehulled soybean meal. 
The current study was undertaken to determine the TM composition 
of distillers dried grains with solubles (DDGS) derived from corn as 
opposed to beverage grade distillers grains. Levels of several nutrition-
ally significant minerals (P, L, Ca, Mg, Mn, Fe, Al, Cu, Z, Se and Na) 
were determined in 20 samples of corn DDGS obtained from different 
ethanol plants across the US Phosphorus content was of particular inter-
est in view of the widespread use of the enzyme phytase and the increased 
cost in organic phosphorus. Phosphorus content of DDGS averaged 0.70 
and ranged from 0.4 to 0.9%. The selenium content ranged from 0.2 to 
0.5% and averaged 0.3%. The choline content of the 20 DDGS samples 
averaged 180 mg/kg but the range was rather large (99 to 308 mg/kg). 
As it has been observed before the range in sodium values was still very 
large (529 to 4489 ppm) and the average sodium value for the the 20 
DDGS was 1850 ppm. While other individual values could be selected 
for comment, these may be of limited importance considering that most 
of these nutrients are supplied as separate ingredients in a finished feed. 
In general, values for other minerals and electrolytes determined in the 
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DDGS samples agreed reasonably well with the projected values based 
on a 3-fold increase of the levels found in yellow corn grain, suggesting 
consistency over time.

Key Words: distillers dried grains with solubles, minerals, sodium

    224P   Effect of distillers dried grains with solubles and an 
enzyme supplement on performance and egg quality of brown 
egg layers through 60 weeks of egg production. P. Rossi,* A. J. 
Pescatore, A. H. Cantor, J. L. Pierce, T. Ao, L. M. Macalintal, M. J. 
Ford, W. D. King, and H. D. Gillespie, Alltech/University of Kentucky 
Nutrition Research Alliance, Lexington, KY.

The effects of feeding diets containing 15 or 23% distillers dried grains 
with solubles (DDGS) with or without a naturally occurring enzyme 
complex (Allzyme SSF, Alltech, Inc., Nicholasville, KY,) on egg pro-
duction parameters were evaluated in brown shell hens during 60 wk of 
production. At 17 wk of age, 420 Hy-Line Brown hens were randomly 
assigned to 5 treatments with 7 replicate groups of 12 hens each. Dietary 
treatments were 1) positive control (corn-soybean meal) 2) 15% DDGS, 
3) 15% DDGS + Allzyme SSF, 4) 23% DDGS, and 5) 23% DDGS + 
Allzyme SSF. Compared with the control diet, DDGS diets had reduced 
levels of ME (2800 vs. 2877 Kcal/kg), Ca (4.1 vs. 4.2%) and available 
P (0.17% for 15% DDGS and 0.2% for 23% DDGS vs. 0.29%). Feed 
intake was significantly (P < 0.05) decreased by DDGS. Adding Allzyme 
SSF to 15% DDGS diets increased HDP. The depression in egg weight 
due to both levels of DDGS was corrected by Allzyme SSF. Haugh 
unit values were increased by DDGS. The reduction in shell weight, 
percent shell, specific gravity and shell breaking strength due to DDGS 
were partially alleviated by Allzyme SSF. Feeding 15 or 23% DDGS 
with or without enzymes decreased yolk lightness (L*), while feeding 
23% DDGS increased yolk redness (a*) and yellowness (b*) values, 
compared with the 15% DDGS and control diets. These results indicate 
that negative effects of feeding high levels of DDGS can be partially 
overcome by including Allzyme SSF in the diet.

Key Words: DDGS, yolk color, shell strength

    225P   Effects of NutriFibe Complex alone or with BMD on 
broiler performance. M. A. Mellencamp*1, R. Smith1, R. Dvorak1, 
and G. F. Mathis2, 1Ralco Nutrition, Inc., Marshall, MN, 2Southern 
Poultry Research, Inc., Athens, GA.

BMD (bacitracin methylene disalicylate) is traditionally used as an 
antibiotic growth promoter in broiler feeds to improve weight gain and 
feed efficiency. As poultry producers seek alternatives to support gut 
health, choices include products with natural nutraceutical ingredients. 
NutriFibe Complex was developed to promote gut health and immunity. 
The formulation combines prebiotic fibers, β glucans and yucca to pro-
mote a desired microflora balance, modulate the immune system and 
enhance gut integrity. This study was performed at a contract research 
facility to compare broiler performance on diets containing NutriFibe 
Complex, BMD or NutriFibe Complex + BMD. The basal diet was a 
standard corn-soy diet containing Maxiban (90 g/ton), 3-nitro (45.4 g/
ton) and the following test additives: NutriFibe Complex (0.5 lb/ton in 
starter; 0.75 lb/ton in grower and finisher), BMD (50g/ton in grower; 
25g/ton in finisher), or NutriFibe Complex + BMD (same concentration 
as individual diets). There were 8 floor pens with 45 Cobb male broil-
ers per pen for each treatment. Treatments were replicated in 8 blocks 
with the 3 treatments randomized within each block. Clean litter was 
used in all pens. Weight gain and feed disappearance were measured 
on d 19 and 35. Death loss was monitored daily. Results are in Table 
1. On d 19, birds on BMD alone had greater weight gain and improved 

feed efficiency compared with birds fed NutriFibe Complex alone or 
NutriFibe Complex + BMD. On d 35, performance of birds on NutriFibe 
Complex alone or in combination with BMD was better than BMD 
alone. Weight gain was similar in all groups, but feed efficiency was 
1.8 points higher for the NutriFibe Complex birds and 3 points higher 
for birds fed NutriFibe Complex + BMD. These results show that in this 
setting NutriFibe Complex improved overall feed conversion compared 
with BMD. When combined with BMD, NutriFibe Complex showed 
a 3 point advantage in feed conversion. These results confirm our field 
observations and demonstrate that optimizing gut health pays off in 
performance and feed efficiency.

Table 1. Effects of NutriFibe Complex (NFC), BMD 
or NFC + BMD on broiler performance

Trait BMD NFC
NFC 
+BMD BMD NFC

NFC 
+BMD

Study day 19 19 19 35 35 35
Ave. wt gain (kg.) 0.532 0.506 0.514 1.846 1.859 1.866
Pen feed  
disappearance (kg.) 36.04 35.49 35.72 127.24 125.39 124.74
F:G 1.414 1.469 1.445 1.554 1.536 1.524
Death loss (%) 1.7 2.3 2.0 5.0 7.1 6.5

Key Words: broiler performance, prebiotic fiber, gut health, antibiotic 
alternative, BMD

    226P   Improved early performance of turkey poults fed an aloe 
extract with bentonite. F. W. Edens* and D. T. Ort, North Carolina 
State University, Raleigh.

Early growth of turkey poults, fed a proprietary blend of Aloe furox 
extract and bentonite (AT-402, Novamol GmbH, Gewerbegebiet Nord 
11, 16845 Neustadt/Dosse, Germany), was evaluated over 4 weeks 
long feeding trials. Aloe extracts are known to have beneficial intestinal 
medicinal effects, and bentonite has a variety of beneficial health effects 
in poultry. North Carolina Agricultural Research Service turkey starter 
diets were supplemented with AT-402 at rates of 0% (control), 0.5%, 
1.0%, or 2.0%. All feeds were diluted with SolkaFloc to keep the feeds 
isocaloric across all treatments. In each trial, there were 3 to 4 replicate 
pens with 10 poults per pen under standard temperature and lighting 
protocols for turkey poults. The AT-402 supplemented feeds were given 
to the poults at placement and were fed for the duration of the 4 week 
trials. In Trial 1 with poults in brood/grow batteries, AT-402 given at 
1% or 2% was associated with smaller body weights than the supple-
mentation of either 0% or 0.5% AT-402, but feed conversions were not 
different among the treatments. In Trial 2, the 2.0% AT-402 treatment 
was dropped. In Trial 2, poults in floor pens on pine shavings and fed 
either 0.5% or 1.0% AT-402 had significantly heavier body weights than 
the control poults at 4 weeks of age, and FCRs for AT-402-fed poults 
was significantly improved (1.587 for 0.5% AT-402; 1.575 for 1.0% 
AT-402; 1.706 for controls). In Trial 3, 4 week body weights of poults 
(in floor pens) fed AT-402 at 0.5% and 1.0% again were significantly 
greater than those of the control poults. Xylose uptake, a measure 
of sugar absorption, was determined in Trial 2. Poults fed AT-402 at 
0.5% had significantly greater xylose uptake than either 1.0% AT-402 
or control fed poults, and these xylose uptake results were reflective 
of BW of the poults in this trial. These results suggest that the AT-402 
has beneficial effects that are expressed in improved body weights and 
feed conversions.

Key Words: turkey, poult, aloe, bentonite, performance

    227P   The use of distillers dried grains with solubles in post 
peak diets for laying hens. A. J. Pescatore,* P. Rossi, A. H. Cantor, J. 
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L. Pierce, T. Ao, L. M. Macalintal, M. J. Ford, W. D. King, and H. D. 
Gillespie, Alltech/University of Kentucky Nutrition Research Alliance, 
Lexington, KY.

Previous research in our laboratory indicated that the inclusion of distill-
ers dried grains with soluble (DDGS) in laying hen diets at levels up to 
23% negatively impacted egg size and other egg parameters when fed 
during the entire production cycle. Two experiments were conducted 
to determine the effect of feeding DDGS to laying hens during post-
peak egg production. The effects of diets containing 15 or 23% DDGS 
with and without a naturally occurring enzyme complex (Allzyme 
SSF, Alltech Inc., Nicholasville, KY) on performance and egg quality 
of laying hens was evaluated during Week 44 to 60 of the production 
cycle. In each of 2 experiments 420 hens were randomly assigned to 5 
treatments with 7 replicate groups of 12 hens each. Hy-Line W-36 hens 
were used in Experiment 1, while Hy-Line Brown hens were used in 
Experiment 2. Treatments consisted of feeding the following diets: 1) 
positive control (corn-soybean meal), 2) 15% DDGS, 3) 15% DDGS + 
enzymes, 4) 23% DDGS, and 5) 23% DDGS + enzymes. Diets contain-
ing DDGS had reduced levels of ME (2800 vs. 2877 Kcal/kg), Ca (4.1 vs. 
4.2%) and available P (0.17% for 15% DDGS or 0.2% for 23% DDGS 
vs. 0.29%), compared with the control diet. There were no significant 
effects of treatments on egg production, feed intake or feed conversion 
in either experiment. In Experiment 2, there was a significant decrease 
in percent shell and specific gravity for the brown hens fed diets with 15 
or 23% DDGS. In that experiment, the addition of Allzyme SSF to the 
DDGS diets improved shell quality to the level of the control diet. No 
other significant effects on egg quality were observed in the 2 experi-
ments. Eggs from hens fed 15 and 23% DDGS with or without enzymes 
has lower yolk lightness (L*) compared with eggs from the control treat-
ment. Eggs from hens fed 23% DDGS had higher yolk redness (a*) and 
yellowness (*) values compared with those from the 15% DDGS and 
control treatments, indicating a darker yolk color. The current studies 
suggest that DDGS can be included in the post-peak production diets 
up to 23% with minimal effects on performance or egg quality.

Key Words: post peak diets, DDGS, yolk color, brown egg layers, 
layers

    228P   Effect of distillers dried grains with solubles and an 
enzyme supplement on performance and egg quality of egg layers. 
P. Rossi, A. J. Pescatore,* A. H. Cantor, J. L. Pierce, T. Ao, L. M. 
Macalintal, M. J. Ford, W. D. King, and H. D. Gillespie, Alltech/
University of Kentucky Nutrition Research Alliance, Lexington, KY.

The effects of diets containing 15 or 23% distillers dried grains with 
solubles (DDGS) with and without a naturally occurring enzyme com-
plex (Allzyme SSF, Alltech Inc., Nicholasville, KY) on performance and 
egg quality of laying hens was evaluated during 60 weeks of production. 
At 17 weeks of age, 420 Hy-Line W-36 hens were randomly assigned to 5 
treatments with 7 replicate groups of 12 hens each. Treatments consisted 
of feeding the following diets: 1) positive control (corn-soybean meal), 
2) 15% DDGS, 3)15% DDGS + enzymes, 4) 23% DDGS, and 5) 23% 
DDGS + enzymes. Diets containing DDGS had reduced levels of ME 
(2800 vs. 2877 kcal/kg), Ca (4.1 vs. 4.2%) and available P (0.17% for 
15% DDGS or 0.2% for 23% DDGS vs. 0.29%), compared with the 
control diet. Six eggs were randomly collected from each replicate every 
4 weeks to determine egg quality. Feed intake was significantly (P < 
0.05) decreased by DDGS. Hen-day egg production was lower for DDGS 
+enzymes during the 60 wk production period. There was no effect of 
treatments on feed efficiency. Egg weight, shell weight, percent shell 
and albumen weight were decreased by 23% DDGS compared with the 
15% inclusion rate. Eggs from hens fed 15 or 23% DDGS ± enzymes, 

had lower yolk lightness (L*) vs. hens fed the control diet. Hens fed 
23% DDGS had higher yolk redness (a*) and yellowness (b*) values vs. 
hens fed 15% DDGS or the control diet, indicating a darker yolk color. 
The current study suggests that DDGS can be included in the diet up 
to 15% with minimal effects on performance and egg quality and can 
be used to improve yolk color. The addition of 23% DDGS to the diet 
negatively impacted some of the production parameters.

Key Words: DDGS, yolk color, shell strength

    229P   Production performance of Pearl Grey guinea fowl 
laying hens fed diets varying in calcium and phosphorus 
concentrations. S. N. Nahashon,* L. Glover, G. Kelley, J. Tyus, and 
T. Boatswain, Tennessee State University, Nashville.

This study was conducted to evaluate optimum dietary concentra-
tions of calcium and available phosphorus (AP) for egg production 
performance of the Pearl Grey (PG) guinea fowl laying hens. In a 2 × 
3 factorial arrangement, 192 PG guinea fowl laying hens (34 weeks of 
age) were randomly assigned to experimental diets containing 2 levels 
of AP (0.35 and 0.4%) and 3 levels of calcium (2.75, 3.25 and 3.75%). 
Each of the diets contained 2,800 kcal of ME /kg of diet and 14% CP 
and was replicated 4 times. Feed and water were provided ad libitum. 
Experimental birds were raised in individual laying cages and they 
received 16 h light throughout the study period. The birds were observed 
for feed consumption (FC), hen-day egg production (HDEP), egg weight 
(EW), egg mass (EM), and shell thickness (ST) at the end of each 28-d 
lay period at 34–54 weeks of age (WOA). Mortality was recorded as 
it occurred. Interactions between the calcium and AP levels were not 
significant (P > 0.05) for all parameters measured, hence data were 
analyzed for effects of calcium and AP separately. Mean HDEP and EM 
were significantly higher (P < 0.05) in birds fed diets containing 0.4% 
AP than those fed the 0.35% AP diets. However, differences in FC, EW, 
ST and mortality between the 2 AP levels were not significant. Mean 
FC, HDEP, EW, EM, and ST were not different among the 3 dietary 
calcium levels. Overall, diets comprising either 2.75, 3.25 or 3.75% 
calcium in combination with 0.4% AP were utilized more efficiently 
by the PG guinea fowl laying hens at 34–54 WOA.

Key Words: Pearl Grey guinea fowl hens, calcium, available phos-
phorus

    230P   Metabolizable energy content of high protein distillers 
dried grains with or without solubles for laying hens, turkey 
poults and broiler chicks. P. M. Banks*SC, T. J. Applegate, and O. 
Adeola, Purdue University, West Lafayette, IN.

Three studies were conducted to determine the ME and MEn of co-
products from ethanol plants for diets of laying hens, turkey poults 
and broiler chicks using the regression method. The investigated test 
ingredients were high protein distillers dried grains (HP-DDG), high 
protein distillers dried grains with solubles (HP-DDGS) and a freeze-
dried blend (FDB) of HP-DDG and condensed distillers solubles (CDS). 
The test ingredients contained 59, 48, 53% CP, 1.9, 2.7, 3.6% Fat, 42, 
28, 32% NDF and 26, 16, 23% ADF for HP-DDG, HP-DDGS and FDB, 
respectively. Test ingredients were added to a corn-soybean meal diet 
at 10 and 20% and fed to 12 replicate cages of 2 birds in the laying 
hen study or 6 replicate cages of 6 and 8 birds for the turkey poult and 
broiler chick studies, respectively. All studies utilized the index method 
following a 5-d feeding of test diets with excreta collection on d 3 to 5. 
In the laying hen study ME were 2499, 3271 and 2848 kcal/kg and MEn 
were 2358, 3122 and 2798 kcal/kg for HP-DDG, HP-DDGS and FDB, 
respectively. ME and MEn of HP-DDG was lower (P < 0.05) than HP-
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DDGS, but there was no difference in ME and MEn between FDB and 
HP-DDG or HP-DDGS. In the turkey poult study the ME were 2449, 
2754 and 3203 kcal/kg and MEn were 1968, 2485 and 2799 kcal/kg for 
HP-DDG, HP-DDGS and FDB, respectively. In the broiler chick study 
the ME were 2332, 3426 and 2433 kcal/kg and MEn were 2281, 3237 
and 2569 kcal/kg for HP-DDG, HP-DDGS and FDB, respectively. In 
the drying process effect (HP-DDGS vs. FDB) FDB had decreased ME 
and MEn in the laying hen (13 and 10%) and broiler chick (29 and 21%) 
studies while the turkey poult study increased (16 and 13%). Inclusion 
of CDS (HP-DDG vs. HP-DDGS) resulted in increased ME and MEn 
by 31 and 32% in laying hens respectively, and 12 and 26% in turkey 
poults respectively and 47 and 42% in broiler chicks respectively. These 
studies support a theory that nascent co-products of ethanol plants may 
be used as viable energy sources in poultry diets.

Key Words: laying hen, turkey poult, broiler, high-protein DDG(s), 
metabolizable energy

    231P   A comparison of two xylanase, amylase and protease 
enzyme combinations on the performance of broilers fed corn/soy 
diets with/without DDGS. P. W. Plumstead,* L. F. Romero, and C. 
Gilbert, Danisco Animal Nutrition, Marlborough, United Kingdom.
Exogenous xylanase, amylase, and protease (XAP) enzymes have been 
developed for inclusion in commercial broiler diets to improve nutrient 
utilization and performance. To assess the comparative efficacy of a new 
XAP enzyme combination versus an existing commercially available 
XAP enzyme preparation (AZ1502, Danisco Animal Nutrition), a meta 
analysis of 4 broiler trials (T1-T4) was conducted. All trials utilized male 
broiler chicks with BW, feed intake, mortality, and FCR corrected for 
mortality (AdjFCR) determined at 21d and 42d of age. A 3-phase feeding 
program of starter, grower, and finisher feed was applied in T1-T3, while 
T4 used a 4-phase feeding program that included a withdrawal feed. The 
4 dietary treatments were a control diet with 500 FTU/kg phytase (NC); 
NC with 1/2 dose XAP (T1-T3); full dose XAP (T1-T4); or AZ1502 
(500g/tonne) in T1-T4. The NC diet was formulated to contain adequate 
levels of all nutrients except metabolizeable energy that was ~100 kcal/
kg lower than typical Industry diets. Diet composition was based on 
corn and soybean meal with 10–12% DDGS included in T2-T4. Data 
from all trials was combined and analyzed using Proc Mixed (SAS 
Institute 2002) with treatment included as a fixed effect, and trial and 
block within each trial as random effects in the model. Treatment means 
were compared using protected LS means at a significance level of P 
< 0.05. Enzyme addition had no effect on 21-d broiler performance. 
Both AZ1502 and the full dose XAP significantly increased respective 
42-d BW gain by 58.6g and 100.8g vs. the control (2,520g). Enzyme 
treatment had no effect on cumulative feed intake, but 42-d AdjFCR, 
was reduced from 1.78 for the control to 1.75 for both 1/2 dose XAP 
and AZ1502 and was reduced further to 1.72 with the full dose XAP (P 
< 0.05). In summary, XAP enzymes had a greater effect after 21 d of 
age and were shown to be an effective strategy to improve 42-d broiler 
performance over a range of diets and trial conditions.

Key Words: broiler, carbohydrase, protease, enzyme

    232P   Digestible arginine requirements for Japanese quails 
from 22 to 42 days of age. F. G. P. Costa*1, M. H. M. Santana1, 
J. P. Figueiredo Junior1, P. E. N. Givisiez1, M. R. Lima1, and D. F. 
Figueiredo Lima2, 1Federal University of Paraiba, Areia, Paraiba, 
Brazil, 2Federal University Agrarian of Pernambuco, Garanhuns, 
Pernambuco, Brazil.

This study estimated the dietary requirement of digestible arginine for 
Japanese quails in the rearing phase. It was used 2 hundred Japanese 

quails from 22 to 42 d of age, distributed according to a completely 
randomized design with 5 treatments and 5 repetitions, with 8 birds per 
repetition. The treatments consisted of a basal diet formulated to fulfill 
the nutritional requirements of the birds, except for arginine. l-arginine 
and starch were added to result in 5 levels of arginine in the diet (1.06; 
1.14; 1.22; 1.30 and 1.38%) and the diets presented 3,000 kcal ME/kg; 
19.35% CP; 1.29% Lys and 0.77% Met+Cys. It was evaluated final 
body weight (g), weight gain (g), feed intake (g) and feed:gain ratio 
(g/g). Data were submitted to linear and quadratic regression at 1 and 
5% of probability. There were no differences (P > 0.05) in feed intake; 
on the other hand, digestible arginine levels and, consequently, the ratio 
digestible arginine:lysine affected final body weight (Ŷ = −0.0472x2 + 
9.2902x – 290.97; R2 = 0.8567), weight gain (Ŷ = −0.0136x2 + 2.9402x 
– 65.703, R2 = 0.9374) and feed:gain ratio (Ŷ = 0.0014x2 - 0.2755x + 
17.957; R2 = 0.8729). The estimated level of digestible arginine:lysine 
ratio was 98.4 for feed:gain ratio, resulting in a digestible arginine 
requirement of 1.201%. The digestible arginine:lysine ratios for final 
body weight and weight gain were 98.4 and 108.1, respectively, with 
digestible arginine requirements of 1.189% and 1.315%, respectively. 
It is concluded that 1.201% of digestible arginine and a digestible 
arginine:lysine ratio of 98.4 should be used in the diets of Japanese 
quails in the rearing phase.

Key Words: amino acids, Coturnix coturnix japonica, nutrition

    233P   Digestible threonine for laying hens remaining it digestible 
threonine: Digestible lysine ratio constant. M. Ramalho Lima1, F. G. 
P. Costa*1, S. A. N. Morais1, E. T. Nogueira2, L. Sá2, R. B. Sousa1, 
and S. G. Pinheiro1, 1Federal University of Paraiba, Areia, Paraiba, 
Brazil, 2Ajinomoto Animal Nutrition, Sao Paulo, Sao Paulo, Brazil.

The aim of this work was objective esteem the requirements of digest-
ible threonine for fed laying hens of white eggs with diets with constant 
amino acid ratios. Two hundred and 10 laying hens with 29 weeks of 
age had been used, distributed in an experimental delineation entirely 
randomized, with 5 treatments, with 7 replicates, with 6 birds each. 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 91; Trp:Lys 23; Iso:Lys 83; Val:Lys 90), 
except for digestible threonine: digestible lysine that was fixed in 75%, 
were this level was esteem in a previous experiment, with increasing 
digestible threonine: digestible lysine ratios. On evaluation period, 
the feed intake was evaluated (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). 
After analysis of the data, was verified that only the feed intake was not 
influenced by the treatments and perceived that optimum performance 
of the white laying hens was verified when the level of amino acids 
increased, having a quadratic behavior. Thus, it was esteem in 0.622% 
of digestible threonine, keeping a constant ratio of 75% of digestible 
threonine: digestible lysine for white laying hens in production.

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

    234P   Digestible tryptophan: digestible lysine ratio on the 
performance of laying hens of. M. Ramalho Lima1, F. G. P. 
Costa*1, S. A. N. Morais1, E. T. Nogueira2, L. Sá2, R. B. Sousa1, 
and S. G. Pinheiro1, 1Federal University of Paraiba, Areia, Paraiba, 
Brazil, 2Ajinomoto Animal Nutrition, Sao Paulo, Sao Paulo, Brazil.
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The aim of this work was objective to evaluate the best digestible tryp-
tophan: digestible lysine ratio for fed laying hens of white eggs with 
different digestible tryptophan: digestible lysine ratio. Two hundred 
10 white laying hens with 29 weeks of age had been used, distributed 
in an experimental delineation entirely randomized, with 5 treatments, 
with 7 replicates, being 6 birds for experimental unit. The diets, equal 
protein and equal energy, had consisted of a basal diet, formulated to 
the base of corn and soybean meal, supplemented with the crystalline 
amino acids L-Lysine, DL-Methionine, l-tryptophan, L-Isoleucine and 
L-Valine of form to take care of the requirements nutritionals for light 
hens, except for digestible tryptophan, where the evaluated levels had 
been 0.151, 0.167, 0.183, 0.199 and 0.215%. The crude protein was 
reduced to provoke the deficiency of digestible tryptophan and the amino 
acid ratios: digestible lysine had taken care of to the recommendation, 
except for digestible tryptophan that had been in 19, 21, 23, 25 and 27. 
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 only the feed intake was not influenced 
(P > 0,05) by the ratios, of form that the egg production, egg weight, 
egg mass, egg mass conversion and egg dozen conversion had been a 
quadratic behavior, esteeming in 23.98, 24.07, 24.11, 24.58 and 25.25, 
respectively. The dates show an increment of layers performance in 
tryptophan addition in the diet. In conclusion, it was esteem in 24,4% 
of the digestible tryptophan: digestible lysine ratio for laying hens in 
beginning of production.

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

    235P   Effects of an enzymatic complex supplementation on the 
egg quality of laying hens of white eggs. M. Ramalho Lima, F. G. 
P. Costa,* S. A. N. Morais, R. B. Sousa, and S. G. Pinheiro, Federal 
University of Paraiba, Areia, Paraiba, Brazil.

The aim of this research was to evaluate the effect of the enzymatic 
supplementation in the diet of white layers on the egg quality produced. 
Four hundred – 40 8 layers with 30 weeks of age of the line of Dekalb 
White had been used. The birds had been distributed in a delineation 
entirely randomized in triple factorial 2 × 2 x 2 (2 values of protein 
reduction, 0 and 0.4%; 2 kinds of diet formularization, if reformulated 
or not; and the presence and not presence of the enzymatic complex), 
totalizing in 8 treatments of 7 repetitions of 8 birds each. The specific 
gravity was evaluated (EG, g/cm3), Haugh unit (UH), percentages of 
albumen (AL), egg shell (SP), and egg yolk (YP), beyond total solids of 
albumen (AS) and egg yolk (YS) of eggs. After analysis of the data, was 
verified that no effect of interaction was not observed enters the studied 
effect in these variable, corroborating with some scientific researches 
that had dealt with similar evaluations, except for total solids of the 
egg yolk of eggs. Thus, one concluded that the enzymatic complex 
supplementation in the diets with nutritional reduction improves the 
quality of eggs of white layers in production.

Key Words: productive efficiency, egg quality, enzymatic supplemen-
tations

    236P   Vitamin D3 supplementation on meat quality of 
broiler chickens. C. M. Komiyama*1, A. A. Mendes1, C. Sanfelice1, 
T. M. Nascimento1, A. P. Araujo1, R. O. RoÇa2, and L. B. D. 
Ribeiro1, 1Faculdade de Medicina Veterinaria e Zootecnia/ UNESP, 
Botucatu, Sao Paulo, Brazil, 2Faculdade de Ciencias Agronomicas\ 
UNESP, Botucatu, Sao Paulo, Brazil.

Toughness of cooked broiler breast meat continues to be a problem for 
processors, and postchill deboning time is the most significant factor. 

In this sense, the use of vitamin D3 has been shown to raise the meat 
quality, causing an increase in intestinal calcium absorption, which 
results in higher amount of calcium in different tissues. Furthermore, 
the high calcium can increase the muscle twitch in the postmortem, 
which could lead to rapid drop in the concentration of energy reserves 
and consequently the rapid resolution of rigor mortis, eliminating the 
problems partly caused by the texture early deboning. Therefore, the 
present study aimed at evaluating if the short-term supplementation of 
vitamin D3 to broilers would cause increased breast tenderness. For 
this, 480 Cobb strain were assigned to one of 4 experimental finishing 
diets containing 2,500 (control), 3,500 (treatment 2), 4,500 (treatment 
3) and 6,000 UI/ kg of feed (treatment 4) of supplemental vitamin 
D3. These birds were allotted randomly in experimental house at one 
day of age, with 4 replicates of 30 birds per pen. These experimental 
diets were supplied during one week before slaughter, 35 up to 42 d 
of age. With 42 d of age, 80 birds were slaughtered at experimental 
processing at FMVZ/UNESP. The breasts were harvested at 1.45 h 
postmortem (after chiller). At 24 h postmortem, the ultimate pH, color, 
water holding capacity (drip loss), cooking loss and shear force were 
evaluated. There was no significant effect for all parameters evaluated 
among treatments. It occurred maybe because the dosage and/or time of 
administration were not enough to provide high level of muscle calcium 
to improve meat quality. These results indicated that it is necessary to 
carry out studies with higher doses of vitamin D3 as well as to evaluate 
the best period for administration to improve meat quality parameters, 
especially shear force.

Key Words: calcium, pH, rigor mortis, supplementation, tenderness

    237P   Xerophtalmia in 7 months old ostriches (Struthio camelus). 
O. Urquiza-Bravo,* T. Jinez-Méndez, E. Posadas-Hernández, I. 
Monroy-Becerra, and E. Sánchez-Ramírez, Universidad Nacional 
Autónoma de México, Mexico City, Mexico.

The objective of this work was to establish the cause of eye disorders in a 
7 mo old ostrich. A 7 mo old ostrich was separated from its group because 
we observed that it was significantly small compared with the rest of its 
group, in spite of they were fed with sorghum, soybean and lucerne, with 
2200 kcal ME/kg and 17% of protein for all birds. External inspection 
was carried out. The bird was 32 kg, with blepharoconjunctivitis and 
alteration on the surface of the upper valve peak. Eyes swab samples 
were carried out for general bacteriological studies. Enterobacter sp and 
Staphylococcus aureus were obtained from samples of eye. This may 
be indicative of a secondary infection caused by the natural practices of 
coprophagy, which offers advantages in the development and resistance 
of birds to infections, but also compromise their health during its rising. 
However, the rest of the group did not present blepharoconjunctivitis, 
peak alteration neither underweight. Ocular disorders in ostriches are 
common particularly when they are from the upper respiratory tract 
infections, sometimes due to obstruction of nasal lachrymal duct, 
however, in the clinical history group, we did not detect any respira-
tory infection, so this diagnosis was discarded. Alteration in the surface 
of the upper valve peak can cause incorrect occlusion of the peak and 
therefore there is not a good digestion and good absorption of nutrients 
and finally there is malnutrition. Clinical diagnosis was xerophthalmia 
due to vitamin A deficiency and was confirmed by the administration 
of vitamin A oral route with 50 IU/g/day for 4 weeks.

Key Words: xerophtalmia, ostriches, blepharoconjunctivitis, A hypo-
vitaminosis

    238P   Effect of 25-hydroxi-cholecalciferol (25-OHD3) vitamin 
supplementation in finishing diet on blood calcium concentration 
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of broiler chickens. C. Sanfelice*1, A. A. Mendes1, C. M. Komiyama1, 
T. M. Nascimento1, B. C. S. Fernandes1, A .P. Araújo1, and P. M. 
Padilha2, 1Faculdade de Medicina Veterinária e Zootecnia, UNESP, 
Botucatu, SP, Brazil, 2Instituto de Biociências, Botucatu, SP, Brazil.

The use of vitamin D3 and its metabolite 25-OHD3 feed diets has a great 
potential to increase meat tenderness because these vitamins increased 
levels of calcium in plasma and tissue. Thus, the aim of this study was 
to determine the effect of vitamin supplementation in final diet of broiler 
chickens on blood plasma calcium concentration. Forty 5 male broiler 
chickens, of Cobb strain were allotted randomly in experimental cages 
at 28 d of age, with 5 replicates of 3 birds per cage. At 35 d of age, birds 
were fed with final diet, control or supplemented with 25-OHD3 vitamin, 
characterizing each treatment. All diets contained 2,500 IU of vitamin 
D3/kg ration, recommended amount in the final diet of broilers. Thus, the 
Treatment 1 (control diet), only contains this vitamin (2,500 IU). Treat-
ment 2, was supplemented with 1,000 IU of 25-OHD3 totaling 3,500 
IU; Treatment 3 was supplemented with 2,500 IU of 25-OHD3 totaling 
5,000 IU vitamin D/kg diet. All diets were provided for 7 consecutive 
days. From d 42, all birds were given the control diet until 48 d of age, 
to observe the fall of calcium blood content. Blood samples were col-
lected daily, starting 2 d before the first administration of vitamin D up 
to 14 d to determine the level of plasma calcium during the days that 
the birds received a diet end. The mean plasma calcium obtained for 
treatment 1, treatment 2 and treatment were 5.47, 5.66, 5.96 mg/100 mL, 
respectively. The effect of calcium levels has been tested continuously 
for regression analysis. There were significant differences among all 
treatments throughout the day of blood collection, in which the higher 
levels of vitamin D supplementation had the higher plasma calcium 
concentration. It was conclude that the higher concentration of blood 
calcium was obtained for birds supplemented with 5,000 IU

Key Words: calcium, feed, vitamin, chicken, dosage

    239P   The use of nonlinear programming as a tool for maximum 
profit feed formulation of broilers. M. J. A. Faria Jr.,* M. Garcia 
Neto, and M. F. Pinto, Unesp – Univ Estadual Paulista, Araçatuba, 
São Paulo, Brazil.

The purpose of this study was to compare linear and nonlinear program-
ming models for feed formulation, for maximum profit, considering the 
real variation in the prices of the corn, soybean meal and broilers during 
the period from January of 2008 to October of 2009, in the São Paulo 
State, Brazil. For the nonlinear formulation model, it was considered 
the following scenarios of prices: a) the minimum broiler price and the 
maximum prices of the corn and soybean meal during the period, b) 
the mean prices of the broiler, corn and soybean meal in the period and 
c) the maximum broiler price and the minimum prices of the corn and 
soybean meal, in the considered period; while for the linear formulation 
model, it was considered just the prices of the corn and the soybean. 
It was used the Practical Program for Feed Formulation 2.0 for the 
diets establishment. A total of 300 Cobb male chicks were randomly 
assigned to the 4 dietary treatments with 5 replicate pens of 15 chicks 
each. The birds were fed with a starter diet until 21 d and a grower 
diet from 22 to 42 d of age, and they had ad libitum access to feed and 
water, on floor with wood shavings as litter. The broilers were raised in 
an environmentally-controlled house. Body weight, body weight gain, 
feed intake, feed conversion ratio and profitability (related to the prices 
variation of the broilers and ingredients) were obtained at 42 d of age. It 
was found that the broilers fed with the diet formulated with the linear 
model presented the lowest feed intake and feed conversion ratio as 
compared with the broilers fed with diets from nonlinear formulation 
models. There were no significant differences in body weight and body 

weight gain among the treatments. Nevertheless, the profitabilities of 
the diets from the nonlinear model were significantly higher than that 
one from the linear formulation model, when the corn and soybean meal 
prices were near or below their average values for the studied period, 
for any broiler chicken price.

Key Words: broiler, feed formulation, nonlinear programming, profit

    240P   Effect of dietary nucleotide supplementation and 
Coccivac-B challenge on broiler performance and nitrogen 
corrected apparent metabolizable energy. B. Jung* and A. B. 
Batal, University of Georgia, Athens.

An experiment was conducted to determine the effects of 2 dietary 
nucleotide, Torula yeast and Nupro, a nucleotide precursor (glutamine) 
and Coccivac-B challenge on broiler performance and nutrient utilization 
(metabolizable energy; AMEn) from 4 to 18 d of age. Five hundred and 
70 6 1-d-old Cobb 500 male broiler chicks were placed in starter bat-
teries in 9 replicate pens containing 8 chicks each and were randomly 
assigned to the 8 experimental treatments. The experiment was a 4 × 
2 factorial design (4 dietary treatments x 2 challenges). The 4 dietary 
treatments were 1) a corn-soybean meal based control diet without 
nucleotide addition, 2) As 1 supplemented with 0.25% Torula yeast, 
3) As1 supplemented with 2% Nupro, and 4) As 1 supplemented with 
1% glutamine. All the treatments were challenged with Coccivac-B 
challenge at 4 d of age or not challenged. Overall (4 to 18 d of age), 
the addition of nucleotides (0.25% Torula yeast, 2% Nupro, and 1% 
glutamine) to diet increased BW gain and feed intake as compared with 
birds fed the control diet. Moreover, the birds fed the diet containing 
0.25% Torula yeastwere heavier than the birds fed the diet containing 1% 
glutamine. The Coccivac-B challenge decreased performance of birds at 
all periods measured. From 4 to 8 d and 9 to 12 d of age, birds fed diets 
supplemented with 0.25% Torula yeast or 2% Nupro had improved feed 
conversion ratios as compared with birds fed the control diet. The 0.25% 
Torula yeast supplementation increased the determined AMEn value of 
the diet while 1% glutamine supplementation decreased the determined 
AMEn value of the diet measured at 12 d of age. The determined AMEn 
values of the diets fed to the birds challenged with Coccivac-B were 
lower than that determined from the birds not challenged. In conclusion, 
dietary nucleotide (Torula yeast, Nupro, and glutamine) supplementation 
to a corn-soybean meal based diet improved performance in broilers 
and challenging birds with Coccivac-B decreased the AMEn value of 
all the experimental diets at 12 d (7 d post-challenge).

Key Words: nucleotides, performance, AMEn

    241P   The Digestible Lysine Requirement of Cobb 500 × 
Cobb Male Broilers: Raised From 14 to 28 Days-of-Age Under 
Recommended or Elevated Environmental Temperatures. M. D. 
Dimova*1SC, R. B. Shirley2, J. L. Usry2, M. E. Freeman1, and A. J. 
Davis1, 1University of Georgia, Athens, 2Ajinomoto Heartland, LLC, 
Chicago, IL.

This trial evaluated the digestible lysine [dLys] requirement of the fast-
feathering Cobb 500 x Cobb, male broiler from 14 to 28 d-of-age under 
2 environmental temperatures. Day-of-hatch male chicks were randomly 
allotted to 84 floor pens [4 rooms, 21 pens per room, 28 chicks per pen], 
reared under commercial-like conditions on used litter and fed the same 
starter diet for 14 d [d]. On d 14, each pen was adjusted to 25 birds per 
pen, and the 84 pens were assigned to one of 7 treatments that ranged in 
dLys from 0.88 to 1.30%, in 0.07% increments. Dietary energy remained 
constant across all treatments [3,215 kcal/kg], however, crude protein 
ranged from 13.71 to 23.59% as the level of dLys increased. The 4 rooms 
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that the treatments were blocked across were divided into 2 temperature 
protocols, recommended and elevated temperature. To achieve these 
extremes, the temperature in 2 of the rooms was reduced by 0.56°C 
per d until 23.9°C was reached and maintained [i.e., recommended], 
while the temperature of the 2 remaining rooms was maintained at 30°C 
from 14 to 28 d [i.e., elevated]. There were 6 replicates per treatment 
for each of 2 temperature protocols, and 3 replicate pens per treatment 
in each room. Comparing the broiler performance of the 2 temperatures 
regimens, rearing broilers under an elevated temperature negatively 
influenced [P < 0.0001] body weight [BW], body weight gain [BWG] 
and feed conversion [FCR]. Using broken-line regression analysis, the 
estimated 14 to 28 d-of-age dLys requirement under the recommended 
environmental temperature was 16.59, 16.59, and 17.77 g/bird for BW, 
BWG and FCR, respectively [this equated to 1.09, 1.10 and 1.19% dLys 
in the diet]. Under the elevated environmental temperature, the estimated 
dLys requirement for each of the above parameters was 14.72, 14.58, 
15.36 g/bird, respectively [this equated to 1.09, 1.11 and 1.14% dLys in 
the diet]. Regressing the cost of diet consumed / gram of BWG versus 
the level of dLys in the diet, the minimum dLys requirement for the 2 
environments was ≈1.05%.

Key Words: digestible lysine, Cobb broiler, heat stress

    242P   Molecular detection of bacterial composition, metabolism 
and pathogenic behavior of intestinal communities. A. A. Pedroso 
and M. D. Lee,* University of Georgia, Athens.

It is a challenge to characterize intestinal microbial communities based 
on their composition and description of metabolism. To access the 
phylogenetic diversity and composition of the intestinal bacterial com-
munity of chickens receiving growth promoter a large scale sequence of 
16S rDNA was conducted. Metatranscriptomic analyses were also used 
to characterize metabolic activity and gene expression of the intestinal 
community. Chickens were submitted to a randomized design with 
8 replications and 3 treatments: control, 125 ppm of tribasic copper 
chloride (TBCC) or 188 ppm of TBCC in a basal diet containing zinc 
bacitracin. Jejunum and ileum of chicken 21d old were sampled and 
the intestinal content recovery. The bacterial pellet was collected and 
the DNA and RNA were extracted. 16S barcode primers were used in 
DNA-PCR reactions. cDNA was synthesized and submitted to deep 
sequencing. Pyrosequencing produced 168,337 16S rDNA reads from 
bacterial samples. 154,763 cDNA reads were produced from mRNA 
samples. 16S reads reveals that the Phyla Firmicutes was the dominate 
component of the microbiota, but the metabolic activity and expres-
sion profile analyzed by transcriptome showed a highly active Gam-
maproteobacteria community. Probably the growth promoters acted to 
decrease the activity of all bacterial intestinal community, except the 
Gammaproteobacteria group. Transcriptome of chicken fed only with 
antibiotic showed molecules related to bacterial motility, as rhamnolip-
ids a biosurfactant and sequences related to virulence as iron scavering 
mechanisms and resistance to antibiotic and toxic compounds. Elements 
related to colonization, as type IV pilus and VI secretion system were 
only observed when birds were fed with antibiotic and copper.

Key Words: antibiotic, microbiota, microflora, copper, zinc bacitra-
cin

    243P   Evaluation of the performance of broilers fed 2 dietary 
energy levels and supplemented with bacitracine and/or a mixture 
of cinnamaldehyde, carvacrol and capsicum oleorein. M. Sims1, 
C. Moynat-Oguey2, D. Bravo*2, and A. Vikari2, 1Virginia Diversified 
Research Corporation, Harrisburg, VI, 2Pancosma SA, Geneva, 
Switzerland.

The objective of this trial was to evaluate the effect of partially or 
completely replacing zinc bacitracin (BMD) by a mixture of % car-
vacrol, 3% cinnamaldehyde, 2% capsicum oleoresin (XT, Xtract 6930, 
Pancosma) on the performance of broilers fed 2 energy levels. A total 
of 1440 d old broilers were randomly allocated for 42 d to one of the 6 
following treatments (30 birds*8 pens/treatment): STD/BMD: standard 
corn based diet + 50 ppm BMD ; LOW/BMD: standard corn based diet 
−50kcal/kg MEn + 50 ppm BMD; STD/XT: standard corn based diet + 
125 ppm XT from d1 to d14 and 100 ppm XT from d15 to d42; LOW/
XT: standard corn based diet −50kcal/kg MEn+ 125 ppm XT from d1 
to d14 and 100 ppm XT from d15 to d42; STD/XT-BMD: standard corn 
based diet + 100 ppm XT + 25 ppm BMD ; LOW/XT-BMD: standard 
corn based diet −50kcal/kg MEn + 100 ppm XT + 25 ppm BMD. Per-
formance and carcass quality data were recorded and analyzed using 
a t-test. Final BW of STD/XT group (2.34 kg) was higher than in all 
other LOW treatments (mean = 2.24 kg, P < 0.05) and similar to STD/
BMD (2.31 kg). FCR of birds fed STD/XT (1.69) was better (P < 0.05) 
than for birds fed STD/BMD (1.79), LOW/BMD (1.77) and LOW/
XT (1.75). Carcass yield was similar between treatments and breast 
yield was higher (P < 0.05) in STD/BMD (33.7%) than in STD/XT 
(32.6%) and STD/XT-BMD (32.0%). However, breast moisture loss 
were lower (P < 0.05) in STD/XT group (6.9%) than in all other groups 
(mean = 9.6%), losses being highest in BMD groups. This resulted in 
a similar breast yield after moisture loss between STD/XT and STD/
BMD (30.3%). These results suggest that standard diets supplemented 
with 50 ppm BMD can be replaced by standard diets or diets reduced 
in energy supplemented with XT without any negative effect of broiler 
production performance.

Key Words: cinnamaldehyde, carvarcol, capsicum, broiler, perfor-
mance

    244P   Evaluation of performance and intestinal histology 
of broilers fed a diet reduced in energy and protein level and 
supplemented with a mixture of capsicum and turmeric oleoresins 
or a garlic botanical. D. Bravo*1, T. G. Petrolli2, L. F. T. Albino2, 
H. S. Rostagno2, and C. Moynat-Oguey1, 1Pancosma SA, Geneva, 
Switzerland, 2Federal Univeristy of Vicosa, Department of Animal 
Science, Vicosa, Brazil.

The objective of this trial was to evaluate the effect of associating a diet 
reduced in energy and protein content to a supplementation in a mixture 
of capsicum and turmeric oleoresins (XT1) or a garlic botanical (XT2) on 
performance and small intestine villus height and crypt depth of broilers. 
800 d old male chicks were randomly allocated for 40 d between 5 treat-
ments (20 birds/pen, 8 pens/treatment): T1: non-supplemented positive 
control (standard corn-soybean meal diet); T2: T1 - 75 kcal/kg Men - 2% 
amino acids; T3: T2 + 100 ppm XT1 (Xtract 6986, Pancosma); T4: T2 + 
75 ppm XT2 (garlic extract, Pancosma); T5: T2 + 150 ppm XT2. Birds 
were fed ad libitum in 2 phases (d1 to 21 and d22 to 40). BW, BWG 
and FCR were recorded for each period. At d21, one bird per pen was 
sacrificed and a portion of jejunum was collected for determination of 
villus height (VH), crypt depth (CD) and villus/crypt ratio (V:C). Data 
were analyzed using one-way ANOVA. Broilers fed T2 exhibited lower 
(P < 0.05) final BW, BWG and FCR than birds fed T1, showing the 
negative impact of reducing dietary energy and protein levels on broiler 
performance. Broilers fed T3, T4 or T5 exhibited similar performance 
than birds in T1 group (P > 0.05). This suggests that the supplementa-
tion of XT1 or XT2 cancels the performance reduction associated with 
the decrease of dietary energy and protein levels. Compared with T1, 
the groups T3, T4 and T5 exhibited higher or similar VH (respectively 
+15.6%, P < 0.05; +5.8%, P > 0.05; +1.1%, P > 0.05) and same CD 
(respectively −3.0%, −1.0% and −9.5%, P > 0.05). These results suggest 
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that XT1 and XT2 improve performance and intestinal morphology of 
broilers fed a diet reduced in energy and protein content.

Key Words: broiler, performance, plant extract, intestinal morphol-
ogy

    245P   Tropism of velogenic Newcastle disease virus for 
lymphoid, myeloid and endothelial cells of broiler chickens. R. 
Merino-Guzmán*1, H. Villegas-Castrejón2, J. A. Quintana-López1, 
and N. L. Calderón-Apodaca1, 1Universidad Nacional Autónoma de 
México, México, DF, México, 2Instituto Nacional de Rehabilitación, 
México, DF, México.

Velogenic Newcastle disease has threatened the Mexican poultry indus-
try since 1946. Several strains of velogenic newcastle disease virus were 
isolated from poultry, gamefowl, quail and pigeon from Mexico between 
1998 and 2006, and were tested by phylogenetic analysis, pathogenicity 
tests and challenge studies in commercial broiler chickens, with particu-
lar emphasis on tropism for myeloid, lymphoid and endothelial cells. The 
velogenic strains belong to 2 lineages of genetic group v. Isolates from 
1998 to 2001 are closely related to the Torreon strain, isolated in 2000, 
and are phylogenetically distinct from viruses isolated between 2004 and 
2006, which are genetically related to the Chimalhuacan strain isolated 
in 1973. Both virus lineages contained the motif “GGRRQKRF,” at the 
f protein cleavage site, revealing that evolutionary changes occurred at 
a different site. Chicken embryo mean death time value was shorter, 
P < 0.05, for the Chimalhuacan-like viruses (43.9 h), when compared 
with the 1998–2001 average (54.3 h), Torreon-like. ICPI average value 
was higher (1.92) for viruses isolated during 2004–2006 than that for 
viruses isolated before 2001 (1.74), P < 0.05. One Chimalhuacan-like 
isolate caused more severe microscopic lesions in bursa of Fabricius, 
thymus, spleen and bone marrow of 5weeks old broiler chickens. Ultra-
structural evaluation showed the tropism for lymphoid, myeloid and 
endothelial cells. Along with all our results, our findings suggest that 
different factors allowed the Chimalhuacan strain to evolve into the 
Torreon strain in the middle of 1990s. The virus tropism for lymphoid, 
myeloid and endothelial cell enhances its importance in countries like 
Mexico, where vaccinated commercial poultry is protected against the 
death, but not against the infection or the virus replication in lymphoid 
organs, which can lead to reduced productive performance and suscep-
tibility to other infections.

Key Words: Newcastle disease virus, phylogenetic analysis, virulence, 
tropism, Mexico

    246P   The effect of anti-coccididial probiotics on performance 
of chickens. H. Jiang* and J. Xu, Shanghai Chuangbo Modern Natural 
Agriculture Group, Shanghai, China.

Chicken coccidiosis is arisen by Eimeria coccidian parasite in chicken 
intestines as the most common parasite pathogen. According to Bhoa’s 
report, expenses on anti coccidial medicine are about 3.3 billion US 
dollars in the world. Average expense on anti coccidial medicine for 
each chicken was 0.12–0.13 RMB in China. Coccidiosis situations occur 
mostly in 15–50 d old young chicken with relatively high infection rate 
and death rate. Intensive chicken farms are the most likely for coccidiosis 
to occur. Their infection rate can be 50–80%, which damage farming 
industry significantly. Medicines are still mainly used for prevention. 
Preventing and treating medicines can rapidly control the coccidiosis 
situations in early stage of infection. However, long period of time using 
can create resistance to the drugs, strong toxic side effects and high drug 
residues. Applying microbial and their metabolites to produce Probiot-
ics (ACP) is considered the comprehensive application from feed and 

environmental aspects. ACP conducts as a secure, effective microbial 
source and coccidial probiotics. 3672 chickens randomly divided into 
6 groups, in which each had 3 subgroups, were tested. Group 1 was the 
control group by adding Salinomycin and Flavomycin. Group 2~5 were 
by adding Anti Coccidial Probiotics as test groups by adding Salinomy-
cin, Flavomycin and ACP at each stage separately. Group 6 used fully 
fermented feed containing ACP without Salinomycin and Flavomycin. 
The significant results were obtained. The chicken survival rate, ADG, 
and feed rewards were improved by 8% to 13% in adding ACP to feed 
group compared with Salinomycin and Flavomycin group. After adding 
ACP as replacement of growth promoter antibiotics during withdrawal 
period, their performances were improved. The survival rate, ADG, and 
feed rewards in Group 6 were improved by 11.35%, 15.68%, and 21.93% 
respectively compared with Group 1. ACP has relatively high coccidial 
prevention function, can rapidly repair damaged intestine structure, 
promote growth of organism, and improve feed rewards.

Key Words: anti-coccidial probiotics (ACP), salinomycin, Eimeria 
coccidia parasite, parasite pathogen, probiotics

    247P   Citrex efficacy on a natural challenge with Salmonella 
spp. in broiler chickens. C. G. Wilsmann*1, F. Flores1, F. L. Gazoni1, 
F. Silveira1, M. Lovato1, and D. Zaviezo2, 1Universidade Federal de 
Santa Maria, Santa Maria, RS, Brazil, 2Citrex Inc., Miami, FL.

Studies have demonstrated the benefits of Citrex in controlling S. Heidel-
berg and S. Typhimurium colonization in experimentally challenged 
birds. The aim of this study was to evaluate the efficacy of Citrex on 
a natural field challenge with Salmonella spp. in broiler. The test was 
conducted in a commercial farm in Brazil using 60 22 d-old Cobb female 
chickens from a house diagnosed with Salmonella spp. using drag swabs. 
At 32 d of age birds were distributed into 3 treatments with 4 replications 
each and fed corn-soy diets free of antibacterial drugs. Treatments were: 
1 positive control (naturally Salmonella spp.-infected birds); 2 infected 
birds + 400 ppm Citrex in drinking water from 32 to 42 d of age; and 
3 infected birds + 450 ppm Citrex in drinking water from 35 to 42 d of 
age. Cloacal swabs were collected from all chickens at 22, 32 and 42 
d of age. All birds were killed at 42 d of age and ceca and livers were 
collected for bacteriological analyses. Results of cloacal swabs at 42 d 
of age showed that 45% (9/20) of birds were positive for Salmonella 
spp. in the non-medicated positive control. The addition in the drinking 
water of 400 ppm of Citrex for 10 d before processing or 450 ppm for 
the last 7 d of life significantly (P < 0.05) reduced the Salmonella spp. 
positive birds to 3/20 and to 2/20, respectively. Bacteriology of ceca 
also showed a statistical significant reduction (P < 0.05) of Salmonella 
spp. contaminated birds from the positive control (9/20) to the Citrex 
treatments (3/20). Presence of Salmonella spp. in liver was low and 
no significant differences were observed between the control and the 
Citrex treated groups (3/20 vs. 1/20). These results indicated that Citrex 
at 400 or 450 ppm in the drinking water 10 or 7 d before slaughtering 
was effective in reducing the number of birds naturally infected with 
Salmonella spp. under the conditions of this trial.

Key Words: Citrex, Salmonella, broilers, cloacal swabs

    248P   Citrex efficacy on the control of Salmonella Enteritidis 
in broiler chickens. C. G. Wilsmann*1, F. Flores1, F. L. Gazoni1, F. 
Silveira1, M. Lovato1, and M. Contreras2, 1Universidade Federal de 
Santa Maria, Santa Maria, RS, Brasil, 2Citrex Inc., Miami, FL.

The benefits of Citrex in controlling S. Heidelberg and S. Typhimurium 
colonization have been demonstrated. The objectives of this study were 
to determine the minimum inhibitory concentration (MIC) of Citrex 
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against Salmonella Enteritidis (SE) and its efficacy to control SE on 
broilers experimentally challenged when Citrex is used via drinking 
water or in the diet. In the in vitro trial, a series of Citrex dilutions were 
prepared in a Mueller-Hinton broth, inoculated with a culture of 1x108 
UFC/ml of SE, incubated at 37°C follow by a turbidity test to detect SE 
growth. In the in vivo experiment, 80 d-old Cobb female chicks were 
isolated and distributed in 4 treatments with 2 replications each and fed 
corn-soy diets free of antibacterial drugs. Treatments were: 1 control no 
SE challenge and no Citrex; 2 challenged with SE; 3 challenged with 
SE and treated with 1000 ppm Citrex liquid in drinking water from 34 
to 35 d of age; and 4 challenged with SE and treated with 500 mg/kg of 
Citrex powder in the diet from 29 to 35 d of age. Oral SE inoculation at 
d 1 and 2 of life, with 1 mL of 1 × 108 cfu/mL. All birds were killed at 
35 d of age and ceca samples collected for bacteriological analyses. In 
vitro results indicated that Citrex MIC for SE was 200 ppm. Bacterio-
logical results of ceca at 35 d of age showed no SE-positive birds (0/20) 
in the control and 50% (10/20) of birds SE-positive in the challenged 
group. The addition of 1000 ppm Citrex liquid in the drinking water 
for the last 2 d or 500 mg/kg of Citrex powder in the diet for the last 7 
d of life significantly (P < 0.05) reduced the SE-positive birds to 5% 
(1/20). These results indicated that either 1000 ppm of Citrex liquid in 
the drinking water for the last 2 d or Citrex powder at 500 ppm in the 
diet for the last 7 d before slaughtering were effective in reducing the 
number of birds experimentally infected with SE.

Key Words: Citrex, Salmonella Enteritidis, broilers

    249P   Method development for the enumeration of Bacillus 
subtilis strain PB6 from agricultural feed matrices using qPCR. S. 
Moore*1, O. Lagatie2, D. Sun3, and L. Wonderling1, 1Kemin Industries, 
Des Moines, IA, 2Kemin Industries, Herentals, Belgium, 3Lingxin 
Biosciences, Beijing, China.

Direct-fed microbial (DFM) products containing Bacillus sp. organ-
isms are becoming increasingly popular as feed additives to support 
the intestinal balance in livestock and poultry. A collaborative effort 
between Kemin laboratories resulted in the development of a method 
to enumerate Bacillus subtilis strain PB6 in treated feed matrices using 
quantitative PCR (qPCR). PB6 is the proprietary strain in CloSTAT 
Dry Direct-Fed Microbial. Primers for the qPCR assay were designed 
to amplify a specific region of the PB6 genome and were demonstrated 
as specific for PB6 when compared with several closely related Bacillus 
species. Optimization of the original method was necessary due to low 
specificity of the assay at PB6 concentrations below 1E+5 cfu/g feed. 
The steps identified for optimization included feed:diluent ratios, germi-
nation efficiency of PB6 spores and enrichment parameters. The results 
showed that the feed:diluent ratio did not affect DNA amplification nor 
was a spore germination step required to improve the amplification of 
PB6 DNA. A 2-log increase in PB6 counts was observed with a 4 h 
enrichment at 48°C in tryptic soy broth with yeast extract. The optimized 
method was used to assay feed samples treated with CloSTAT at 1E+3, 
1E+5, 1E+7 and 1E+9 cfu PB6/g. In duplicate assays R2 values of 0.98 
and 0.99 demonstrated good linearity in the method, the ability to detect 
PB6 in feed at the 1E+3 cfu/g level and repeatability of the method in 2 
laboratories. A method validation will be conducted to establish accept-
able analytical variation within the method.

Key Words: DFM, CloSTAT, qPCR, Bacillus sp., method develop-
ment

    250P   Chitosan: An alternative adjuvant for poultry vaccines. 
M. J. Morgan,* G. Tellez, B. M. Hargis, and N. R. Pumford, University 
of Arkansas, Fayetteville.

Adjuvants are necessary components of many vaccines and are 
required for optimal immunological response. Two types of adjuvant 
systems are currently used in US poultry vaccines. They are aluminum 
hydroxide gel commonly known as “alum” and mineral oil emulsion 
based products. Each system has benefits as well as drawbacks for 
commercial poultry application. Recently, a new material, chitosan, has 
been receiving attention as a possible addition to the adjuvant toolkit. 
Chitosan, a derivative of chitin has been demonstrated to be an effective 
adjuvant in mammalian vaccines. To evaluate the efficacy of chitosan 
in poultry, chitosan (1%) was admixed with β-galactosidase (β-gal) and 
administered subcutaneously (0.25 mL) to day-of-hatch turkey poults. 
A control group was vaccinated subcutaneously with β-gal adjuvanted 
with aluminum hydroxide gel (15%). All groups were boosted with the 
same formula subcutaneously at d 14. Poults were bled on day14 and IgG 
levels were evaluated by ELISA using β-Gal as the solid phase antigen. 
Antibody levels were significantly (P ≤ 0.05) higher for the chitosan 
adjuvanted vaccine than the β-gal without adjuvant or with alum. In a 
second experiment chitosan was compared with alum as an adjuvant 
using an experimental bacterin/toxoid prepared against Clostridium 
septicum, the causative agent of turkey cellulitis. In this experiment, 
day-of-hatch turkey poults received a Clostridium septicum bacterin 
without adjuvant, or a formalized culture of Clostridium septicum 
adjuvanted with 12% aluminum hydroxide gel or a formalized culture 
of Clostridium septicum adjuvanted with 0.5% chitosan, 0.25mL per 
bird, sub-cutaneously. On d 13 and 25 birds were bled and re-vaccinated. 
Antibody levels were measured by ELISA using 96-well plates coated 
with washed Clostridium septicum cells. Antibody levels were signifi-
cantly higher in birds vaccinated with the chitosan adjuvanted product 
than in either the un-adjuvanted or alum adjuvanted vaccines. A low 
cost effective vaccine against Clostridium septicum may prove to be an 
effective tool to control turkey cellulitis.

Key Words: Clostridium septicum, adjuvant, chitosan

    251P   Evaluation of recombinant Salmonella expressing 
an immunoprotective epitope of cj0113 for protection against 
Campylobacter coli in commercial turkeys. C. J. Kremer*1, S. 
L. Layton1, M. J. Morgan1, A. D. Wolfenden1, K. M. O’Meara2, K. 
Cole2, B. M. Hargis1, and N. R. Pumford1, 1University of Arkansas, 
Fayetteville, 2The Ohio State University, Columbus.

C. jejuni and C. coli are the predominant serotypes of Campylobacter 
affecting humans, and are often associated with poultry. Presently, we 
evaluated a recombinant Salmonella enteritidis expressing a conserved 
Campylobacter epitope for ability to protect against infection in turkeys. 
A novel attenuated ΔaroA/htrA S. enteritidis (ΔSE) was developed that 
expresses an immunodominant epitope of C. jejuni with linkage to a 
10 aa sequence of CD154. This construct (ΔSE-cj0113) was evaluated 
as a live vaccine candidate for protection against C. coli in commercial 
turkeys, as this construct was previously found to be protective against 
C. jejuni in broilers. Poults (n = 100) were randomly assigned to one of 2 
treatment groups at day-of-hatch. Fifty poults were orally gavaged with 
108 cfu/poult ΔSE-cj0113 and the remaining poults were sham treated 
with saline. On d21 chicks were challenged with 1.5 × 108 cfu/chick 
of C. coli by oral gavage. At 3 (n = 10), 21, and 35d, liver/spleen and 
cecal tonsils (n = 20/d 21 and 35) were aseptically removed for detection 
of ΔSE-cj0113 recovery by enrichment. Also on 21 and 35d, ingesta 
from the ileum of cultured poults were collected to be analyzed by 
qPCR for enumeration of C. coli. From the same region, tissue samples 
were collected for RNA extraction to be used in determining cytokine 
profiles. Blood samples were also obtained for C. coli-specific IgG 
antibody response at 21 and 35d (n = 10). Vaccination with ΔSE-cj0113 
significantly reduced the recovered C. coli from 6 logs of detectable C. 
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coli in the saline control group to undetectable levels in the vaccinated 
group at d35, similar to previous studies in chickens. Therefore, the 
Salmonella-vectored vaccine candidate (ΔSE-cj0113) appears to warrant 
further evaluation as a candidate for commercialization as a method of 
reducing Campylobacter infections in commercial turkeys.

Key Words: Salmonella, recombinant, vaccine, Campylobacter, 
turkey

    252P   Effects of uninterrupted feeding of nicarbazin from 0 to 
28 days of age on liver glycogen concentration in male commercial 
broilers. E. D. Peebles*1, K. Bafundo2, S. K. Womack1, W. Zhai1, 
R. Pulikanti1, and L. W. Bennett1, 1Mississippi State University, 
Mississippi State, 2Phibro Animal Health Corporation, Ridgefield 
Park, NJ.

Sixteen 1-d-old Ross × 708 male broilers from a breeder flock at peak 
egg production were tagged and placed in each of 12 small individual 
floor pens. In 6 of the 12 pens, nicarbazin was added to Mississippi 
State University basal broiler starter and grower feed at a rate of 125 
ppm (113.4 g/ton). The other 6 pens were control pens in which birds 
received salinomycin instead of nicarbazin, at a rate of 66 ppm (60 g/
ton). Feed and water were provided ad libitum, and feed was closely 
monitored in all pens to avoid shortages. No coccidial challenge was 
imposed during the trial. On a pen basis, BW gain for d 0–7, 7–14, 
14–21, and 21–28, and cumulative BW gain, feed consumption, and 
feed conversion for d 0–7, 0–14, 0–21, and 0–28 were calculated. On 
d 7, 14, 21, and 28, 2 birds per pen were weighed and necropsied for 
determination of liver weight and for subsequent analyses of liver 
moisture and glycogen concentrations. Mortality was also recorded on 
a daily basis. As compared with the control (salinomycin) treatment, 
feeding of nicarbazin had no significant effects on 0–7 and 0–14 d feed 
conversion; 0–7, 0–14, 0–21, and 0–28 d feed intake; 0–28 d cumulative 
mortality; 0–7 and 7–14 d BW gain; 0–14 d cumulative BW gain; liver 
moisture concentration; or fresh and dry liver glycogen concentration. 
However, in response to nicarbazin, 0–21 d and 0–28 d feed conver-
sion, and percentage liver weight on d 21 and 28 were higher; whereas, 
14–21 d and 21–28 d BW gain, and 0–21 d and 0–28 d cumulative BW 
gain were lower. The un-interrupted feeding of nicarbazin at 125 ppm 
to male Ross × 708 broilers without a coccidial challenge through 28 
d post-hatch increased feed conversion and reduced BW gain after d 
14, but despite an increase in percentage liver weight on d 21 and 28 
post-hatch, liver glycogen concentration was not affected.

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

    253P   Effects of in ovo injection of 25-hydroxycholecalciferol on 
broiler hatch performance. A. Bello*SC, W. Zhai, S. K. Womack, and 
E. D. Peebles, Mississippi State University, Mississippi State.

Results of previous work in our laboratory suggested that the in ovo 
injection of 48 IU of 25-hydroxycolecalciferol [25(OH)D] may increase 
tibiotarsal calcium content of broiler embryos subjected to a suboptimal 
incubation temperature regimen. The effects of lower dosages of 25(OH)
D administered to eggs incubated under optimal conditions on broiler 
hatch performance were investigated in the current study. Approximately 
1,260 broiler hatching eggs were weighed, labeled, and set on 10 repli-
cate tray levels of a single-stage incubator. Eggs were subjected to one of 
6 treatments on d 18 of incubation using a commercial multi-egg injector. 
A non-injected control and a 100 μL diluent-injected control group were 
included. Also, 25(OH)D was dissolved in 100 μL of diluent to deliver 
either 6, 12, 24, or 48 IU of 25(OH)D to each egg. On day of hatch (d 
21 of incubation), the non-injected control group had a significantly (P 

≤ 0.004) higher hatchability (93.9%) than the diluent-injected control 
group (82.3%); whereas, all the 25(OH)D-injected treatment groups 
were intermediate, with hatchabilities of 86.9, 89.2, 88.6 and, 87.4% 
respectively. The in ovo injection of 25(OH)D at all dosages alleviated a 
depression in hatchability caused by the injection of diluent, suggesting 
that 25(OH)D stimulated embryogenesis. Of all the 25(OH)D injected 
treatments, only the 6 IU dosage of 25(OH)D significantly (P ≤ 0.05) 
increased relative hatching chick BW with and without the yolk sac. 
Contrary to the result of the previous investigation in our laboratory, in 
which 48 IU of 25(OH)D was observed to increase embryonic mortality, 
all the 25(OH)D dosages in this current study did not adversely affect 
embryo survivability. In conclusion, the in ovo injection of 6 IU of 
25(OH)D in commercial diluents may significantly increase hatching 
chick BW at hatch without negatively affecting hatchability.

Key Words: 25-hydroxycholecalciferol, broiler, embryo, hatchability, 
in ovo injection

    254P   Egg loss mass decreasing at first half of embryo 
development affect hatchability trajectory. M. A. Juarez-Estrada* 
and S. Lopez-Cordova, Facultad de Medicina Veterinaria y Zootecnia; 
UNAM, Mexico, D.F. Mexico.

This study investigated the effect of non-ventilation of the incubator 
during the first 10 d of incubation on carbon dioxide (CO2) concentra-
tions in the incubator, and decreasing egg loss mass effect on the embry-
onic development of the Leghorn chicken (Gallus gallus). Two different 
incubation conditions were created at 2,230 m above mean sea level 
(AMSL); one incubator was kept at standard conditions with adequate 
ventilation (V) and a second incubator was non ventilated (NV) during 
the first 10 d of incubation, allowing the CO2 concentration to rise, and 
avoiding water loss from eggs like it was done under standard conditions. 
After the first 10 d, both incubations were continued under standard 
conditions. The CO2 concentrations in the V incubators remained below 
400 ppm in these first 10 d, whereas, in the NV incubators the CO2 
concentrations showed higher level (8,893 ppm). The egg mass loss in 
the V incubator in these first 10 d (6.5%) was higher (P < 0.05) than in 
the NV incubators (3.0%). The egg mass loss at 18 d was 10.9% in the 
V incubators, and 7.3% in the NV incubators. The hatchability in the V 
incubators was lower (49%) than in the NV incubators (57.4%). Chicks 
incubated under NV conditions hatched 3 h earlier than V incubators; 
the spread of hatch was narrower (P < 0.05) in NV incubators (30.3 h) 
than in the V incubators (37.3 h). The NV chickens had a higher (P < 
0.05) body weight (40.1 g), and length (16.6 cm) compared with the V 
chickens (38.8g and 16.3 cm respectively). Egg incubation mass loss 
in the NV incubators was lower than it should be, however, hatching 
parameters were better than in the V incubators. From these results, it 
is clear that keeping good embryo water balance and higher levels of 
CO2 during the first 10 d of incubation have persistent effects during 
the incubation, and give incubation management alternatives when 
incubation has to make at higher AMSL.

Key Words: carbon dioxide, embryonic development, incubation, 
hatching, embryo mortality

    255P   Effect of reduced egg shell conductance during late-term 
incubation on the morphological development of lymphoid tissues 
in turkey embryos and poults. J. C. A. van Rooij1,2, P. R. Ferket1, R. 
D. Malheiros*1, K. Latour1, M. J. Wineland1, O. J. Fletcher1, and H. van 
den Brand2, 1North Carolina State University, 311 Scott Hall, Raleigh, 
NC 27695-7608, 2Wageningen University, 6709 PG, Wageningen, The 
Netherlands.
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Chronic hypoxic conditions during the plateau stage of oxygen consump-
tion of turkey embryos may adversely effect the development of critical 
lymphoid tissues and subsequent immunological competence. Turkey 
eggs were selected on the basis of weight and egg conductance ± 1 σ 
after 15 d of incubation. At day E21, half of 286 eggs were dipped in 
paraffin to cover 1/3 of the egg surface from the small end of the egg to 
obtain a low conductance (LC) group, while the other eggs served as the 
intact control (C) group. At E22, E24, E26 and d 0 (hatch), 5, 7, 13, 20, 
4 animals were sampled and weights of whole and yolk-free body mass, 
liver, and bursa were recorded. Tissue sections of the bursa of Fabricius 
and cecal tonsils collected at E24, D0, D7 and D20 were stained with 
hematoxylin-eosin subjected to histo-morphometric measurements using 
light microscope. Although hatch was delayed among the LC group, 
there were no significant treatment effects on post-hatch growth perfor-
mance. The LC group had greater yolk relative to embryo mass (36.1% 
vs 30.5%, P < 0.005) and lower yolk-free body mass (43.7 vs 47.0 g, P 
< 0.05) than the C group. Relative bursa weight was lower among the 
LC than C embryos (0.09% vs 0.13%, P < 0.05), especially at E22, and 
this difference continued in poults sampled post-hatch. Total surface area 
of the cecal tonsils was less in the LC (4.92 vs. 6.08 mm2, P < 0.01), 
and muscularis area was greater (1.96 vs 1.69 mm2, P < 0.05) than the 
C group, especially by D20. The LC group had reduced bursa follicle 
perimeter (645 vs 667 μm, P < 0.05) and cortex thickness (27 vs 29 μm, 
P < 0.05) in comparison to the C group, especially at D7. This study 
confirm that hypoxia during late-term incubation induced by poor egg 
shell conductance impairs the development of critical immune-tissues, 
which may result in compromised post-hatch immunocompetence.

Key Words: incubation, hypoxia, eggshell conductance, lymphoid 
tissue, turkey

    256P   Spermathecae histological description in 70 weeks old 
light breeder hens. I Monroy-Becerra,* E. Sánchez-Ramírez, E. 
Posadas-Hernández, T. Jinez-Méndez, J. Hernández-Espinosa, and O. 
Urquiza-Bravo, Universidad Nacional Autónoma de México, Mexico 
City, Mexico.

The specialized sperm storage tubules (spermathecae) are important in 
domestic fowl because they eliminate the need to synchronize copulation 
with ovulation. Spermathecae provide the anatomical basis for sperm 
competition. The spermathecae protect and act as a refuge of sperm 
with respect to descendants forces and the effect of the ovulatory cycle. 
There is not information about the spermathecae old breeders hens, for 
this reason the objective of this study was to describe the conformation 
of the spermathecae in 70 weeks old light breeder hens by histology 
studies. Five 70 weeks old White Bovans breeding hens were used, to 
evaluate spermathecae region by histological studies. Union vagina 
uterus and the base of the infundibulum samples were processed by 
paraffin embedding technique in 7µm sectioned tissue and stained 
with PAS (Periodic acid-Schiff reaction), to demonstrate a deep pink 
or magenta color. Under the cylindrical ciliated epithelial lining, over 
the lamina propria of the submucous of the ordinary lax areolar tissue, 
spermathecae with a morphological organization of simple tubular 
exocrine glands with columnar cells with round nuclei and basal with 
defined cell borders and cytoplasm PAS negative were observed. In a 
large number of cells, cytoplasmic structures similar to unilocular lipid 
vacuoles located above the nuclei were observed. These possible lipid 
vacuoles were observed with similar size to nuclei, which is an important 
consideration if we consider that the nuclei represents approximately 
1 / 10 of total cell volume. The location of the cytoplasmic vacuoles 
over the nuclei suggests a secretory activity decrease of cells, due to in 
this region are generally distributed the rough endoplasmic reticulum 
and Golgi apparatus. Spermathecae are glands that secrete a substance 

not well studied yet and with this staining did not appreciate it, maybe 
with other types of dyes could identify other substances that stain more 
secretions and also discover the relationship with the size of the glands 
and secretory activity or storage activity of the sperm.

Key Words: spermathecae, specialized sperm storage tubules, histo-
logical description

    257P   Carbon dioxide rising throughout first half of incubation 
affects embryo development and one-day-old chicks quality. S. 
Lopez-Cordova* and M. A. Juarez-Estrada, Facultad de Medicina 
Veterinaria y Zootecnia, UNAM, Mexico D.F. Mexico.

To evaluate carbon dioxide (CO2) concentration generated under non-
ventilation condition of the incubator during first 10 d of incubation on 
lenght and quality of one-day-old Leghorn chicks, were carried out 5 
experiments. Fertile eggs from breeder hens at different layer age (31, 
36, 40, 44 and 52 weeks) were used in each experiment. Two different 
incubation conditions were created; one incubator was kept at standard 
conditions with adequate ventilation (V) and a second incubator was 
non ventilated (NV) during the first 10 d of incubation, allowing the 
CO2 concentration to rise approximately to 22,000 ppm. After the first 
10 d, both incubations were continued under standard conditions until 
hatching eggs. At hatch, all one-day-old chicks were sized for length and 
scored with a non-invasive quality scale. 50.7% of one-day-old chicks 
from fertile eggs (31 weeks old) incubated in NV incubators were scored 
as excellent and higher (P < 0.05) to 46.2% of one-day-old chicks from 
V incubators. 56.7% of one-day-old chicks from eggs (52 weeks old) 
incubated in NV incubators were excellent, different (P < 0.05) to 55.7% 
of V incubators. The NV one-day-old chicks from fertile eggs (40 weeks 
old) had a higher (P < 0.05) length (17.0 cm) compared with the V chicks 
(16.7 cm). Higher levels of CO2 during the first 10 d of incubation let 
to increase hatching chicks one-day old with best quality and longer 
than fertile eggs incubated under standard incubation, especially, if they 
were lay by Leghorn breeder hens at prime age old.

Key Words: embryo development, hatchability, carbon dioxide, chicken 
quality, incubation

    258P   Salmonella-positive broiler carcasses contaminated by 
multiple serotypes. N. A. Cox,* P. J. Fedorka-Cray, L. J. Richardson, 
R. J. Buhr, and J. A. Cason, USDA/ARS Russell Research Center, 
Athens, GA.

Many laboratories that routinely sample broiler carcasses for Salmonella 
are primarily interested only in determining the presence or absence of 
Salmonella, so only one colony-forming unit may be selected. The objec-
tive of this study was to select several colonies from each of 4 selective 
plates to determine what percent of positive carcasses were contaminated 
with multiple Salmonella serotypes. Broiler carcasses were procured 
directly from a commercial processing plant post-chilling, individu-
ally bagged and transported on ice to the laboratory. Each carcass was 
rinsed with 100 mL of 1% buffered peptone water for 1 min and the 
rinsate collected and incubated for 24 h at 37oC. A 1 mL aliquot was 
inoculated into Gram-Negative (GN) and tetrathionate (TT) broths. After 
24 h at 37oC, 0.1 mL of GN was transferred to Rappaport-Vassiliadis 
(RV) media and after 48 h, 0.1 mL of the TT was transferred to RV. 
After incubation 2 different selective agar plates (Brilliant Green Sulfa 
and Xylose-Lysine-Tergitol4) were streaked for isolation from the RV 
tubes. From the 4 incubated plates a maximum of 3 colonies (if avail-
able) were selected from each and standard confirmational procedures 
for Salmonella were performed. From a total of 49 positive carcasses, 
7 (14.3%) had only one serotype, 17 (34.7%) had 2, 18 (36.7%) had 
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3, 6 (12.2%) had 4, and 1 (2%) had 5 different serotypes. Therefore, 
over 85% of the Salmonella positive broiler carcasses had multiple 
serotypes and more than likely many other serotypes went undetected. 
S. Kentucky was the most frequently detected serotype, accounting for 
approximately 30% of the isolates. Six serotypes (Kentucky, Berta, 
Kiambu, Mbandaka, Heidelberg, Senftenberg) accounted for 92.7% of 
the 124 isolates. On only 11/49 samples (22.4%) did both plating media 
yield the same serotypes, for the other 38 positive samples there were 
differences between the plating media. This limited study demonstrates 
the variability of detecting individual serotypes even when only 2 plat-
ing media are used.

Key Words: Salmonella, serovars, plating media, broilers

    259P   Carcass enrichment detects Salmonella from broiler 
carcasses found to be negative by other sampling methods. N. A. 
Cox,* R. J. Buhr, P. J. Fedorka-Cray, J. A. Cason, D. E. Cosby, L. 
L. Rigsby, and D. V. Bourassa, USDA/ARS Russell Research Center, 
Athens, GA USA.

The most frequently used methods to recover Salmonella from processed 
broiler chicken carcasses involve carcass rinsing or neck skin macera-
tion. These methods are nondestructive and practical, but have limited 
sensitivity. The standard carcass rinse method uses only 7.5% of the 
residual rinsate and the standard neck skin method samples approxi-
mately 4% of the skin by weight. Should it be necessary to detect the 
presence of low numbers or firmly attached Salmonella, the rinse and 
neck skin methods may result in many false negatives. The objective of 
this study was to compare the sensitivity of a carcass enrichment method 
to the most commonly used procedures in the United States (rinse) and 
the European Union (neck skin) for the detection of naturally occurring 
Salmonella on broiler carcasses. In the first experiment, 80 broilers 
grown for 6 wk on Salmonella-contaminated litter were processed and 
rinsed with 400 mL of 1% buffered peptone water. After 30 mL were 
removed and incubated separately, the remaining rinsate and carcass 
were incubated together at 37°C for 24 h. The carcass rinse method 
recovered Salmonella from 7/80 (8.8%) while the carcass enrichment 
procedure detected Salmonella on 24/80 (30%). In a second experiment 
broiler carcasses were obtained from a commercial processing plant 
and each carcass was sampled by 3 methods (carcass rinse, neck skin, 
carcass enrichment). From the 40 carcasses analyzed by 3 methods, 
Salmonella were detected on 10, 17 and 39 from the carcass rinse, 
neck skin, and carcass enrichment, respectively. Only one Salmonella 
serogroup was isolated from the carcass rinse method (C3), 2 from the 
neck skin (B, C2) and 5 from the carcass enrichment (B, C2, C3, D, 
E). Carcass enrichment finds more Salmonella-positive carcasses and 
a greater number of serotypes.

Key Words: sampling, carcasses, neck skin, Salmonella, enrichment

    260P   Meat characteristics of ducks commonly found in 
Nigerian markets. A. B. Omojola* and D. O. Oshibanjo, University 
of Ibadan, Ibadan, Oyo-State, Nigeria.

The consumption of duck meat if encouraged can be employed as a tool 
to alleviate poverty and ensure food security among the economically 
disadvantaged peasant farmers. The continued decline in duck industry 
and duck meat consumption in Nigeria is a matter of great concern. Yield 
and meat quality traits of 3 strains of duck which include Rouen, Perkins 
and Muscovy were investigated. A total of 30 6 matured male ducks 
with 12 ducks from each strain were used for the study in a completely 
randomized design. The ducks were slaughtered in batches of 3 under a 
commercial condition after they have been starved of feed for 12 h. They 
were properly bled, defeathered and dressed. The carcasses were chilled 

at 2oC for 24 h immediately after dressing before cutting up into primal 
cuts. Samples for cooking loss, shear force and organoleptic evaluations 
were taken from the breast muscle. The dressing out percent was high-
est in Muscovy with a value of 71.18% followed by Rouen (68.90%) 
and least in Perkin ducks with a value of 66.67%. Muscovy duck gave 
the highest values (P < 0.05) in the wing, breast and back with values 
of 15.27, 20.03 and 18.34% respectively, while Perkin ducks gave the 
least values of 14.65 and 13.38% for breast and back respectively. The 
water holding capacity (WHC) was highest in the Perkin ducks (71.06%) 
while Muscovy and Rouen gave 66.10 and 64.65% respectively. The 
percent chilling and cooking losses were similar (P > 0.05) in the 3 
strains. Tenderness, juiciness texture and overall acceptability (OA) were 
rated highest (P < 0.05) in meat from Rouen ducks while the panellist 
gave the least score to meat from Muscovy in juiciness and OA. The 
high proportion of lean meat in the breast and wing showed that duck 
meat can be packaged and marketed successfully as one of the meat 
alternatives especially in the rural areas.

Key Words: duck, Rouen, Perkins, Muscovy, MEAT

    261P   Canonical correlation analysis between slaughter 
and performance traits in a commercial broiler line. J. L .B. M. 
Grosso*1, J. C. C. Balieiro1, J. P. Eler1, J. B. S. Ferraz1, and T. Michelan 
Filho2, 1College of Animal Science and Food Engineering, University 
of Sao Paulo, Pirassununga, SP, Brazil, 2Aviagen do Brasil, Rio Claro, 
SP, Brazil.
In the poultry industry, market changes are very common, requiring 
continuous improvement in the scheme and tools of breeding programs. 
Consequently, it is necessary to conduct a detailed study of the needs 
of the food industry and an analysis of market trends, so that the targets 
of genetic progress are established. As a result of this entire process, 
the focus for the selection of commercial broiler lines has been much 
more intense for the carcass traits, as a consequence of a world trend 
of the largest consumption of chicken meat being in parts. Data of 
13,234 broiler pure line birds of a commercial breeding program were 
used to evaluate the association between slaughter and performance 
traits using canonical correlation analysis. The slaughter traits analyzed 
were: slaughter body weight at 43 d of age, recorded after 10 h of feed 
and water withdrawal; warm eviscerated carcass weight; boneless and 
skinless breast meat weight; leg weight, corresponding to the thigh plus 
drumstick weight with skin and bones; yields of carcass, breast meat and 
leg, calculated as the ratio between the absolute weight of each trait and 
the body weight at slaughter. The performance traits evaluated were: 
body weight at 7 and 38 d of age; visual score breast muscle and real-
time ultrasound of beast muscle thickness at 38 d of age; visual score 
for legs defect and tibial dyschondroplasia by lixiscopy. The canonical 
correlations were used to evaluate the relations among all slaughter vari-
ables and all performance traits. The estimates of canonical correlations 
were 0.85 (P < 0.0001) and 0.57 (P < 0.0001), and the retained varia-
tion proportions in the first and second eigenvalues were 76.92% and 
13.60%, respectively. The standardized canonical coefficients between 
slaughter and performance traits showed that: (i) higher leg weights and 
lower leg yields were associated to higher body weights at 38 d of age; 
(ii) lower leg weights and higher breast meat yields were associated to 
higher real-time ultrasound values of breast muscle thickness and lower 
body weights at 38 d of age.

Key Words: carcass weight, carcass yield, multivariate analysis, poultry, 
ultrasound measurement

    262P   Testing of duplicate rinse aliquots for presence of 
Salmonella. J. A. Cason*1, D. P. Smith2, R. J. Buhr1, A. Hinton, 
Jr.1, and N. A. Cox1, 1USDA/ARS, Russell Research Center, Athens, 
GA, 2North Carolina State University, Raleigh.
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Testing of chicken carcass rinses for Salmonella prevalence is often 
performed in duplicate because of the potential importance of the 
results, but anecdotal reports indicate that duplicate samples often 
disagree. This might be due to normal variation in microbiological 
methods or to the testing of aliquots where the original sample volume 
contains low numbers of Salmonella cells. To test the latter possibility, a 
spreadsheet simulation was developed to test the probability that paired 
aliquots (each 7.5% of the original sample volume) contain at least one 
cell. Probabilities were calculated for 100,000 pairs of aliquots from 
original samples containing 1 to 50 cells each, using a random number 
generator to determine whether test aliquots contain at least one cell. 
When the original volume contains one cell, for example, each aliquot 
containing 7.5% of the total volume will have a 7.5% probability of 
containing that cell. One of the paired aliquots will be positive in 15% 
of cases and the pair will disagree in all of those cases. Results of the 
calculation demonstrate that more than 50% of all paired samples will 
disagree when the original volume contains from 7 to 12 cells. More 
than 20% of paired samples disagree until the original sample contains at 
least 29 cells. The original sample volume must contain 48 cells before 
there is a 95% probability of agreement between paired aliquots. Even if 
laboratory methods are 100% effective in recovering Salmonella from 
test aliquots, there will be substantial disagreement between paired 
aliquots in cases where the original sample contains relatively low 
numbers of Salmonella cells.

Key Words: testing, prevalence, Salmonella, aliquot, carcass rinse

    263P   Stunning method in broiler chickens meat processing. M. 
F. Pinto,* D. A. Bitencourt, F. Kepczynski, E. H. G. Ponsano, and M. 
Garcia-Neto, UNESP - Universidade Estadual Paulista, Araçatuba, 
São Paulo, Brasil.

Quality is a variable concept, which involves many factors, depending 
on the consumer market. In meat production, the concern with environ-
mental aspects, animal welfare and the health and safety of workers is 
increasing. This work studied the effect of controlled atmosphere stun-
ning of broilers on meat features and biochemical parameters for stress. 
Cobb broilers were stunned by electrical stunning and by controlled 
atmosphere with 70% CO2 and 70% CO2 + 30% Argon. After stunning, 
serum levels of glucose, lactate and corticosterone were compared with 
those of broilers at rest, immediately before transportation and slaughter 
and after 12 h of feed withdrawal (control group). At slaughter, blood 
volume drained during bleeding was not different for the stunning 
methods tested, ranging from 3.3 to 3.4% birds weight. This finding was 
important to demonstrate that gas stunning was not responsible for the 
animals′ death. Final pH in breast (6.1 to 6.2) and thigh (6.3 to 6.5) also 
did not vary among the different stunning methods (P > 0.05). Light-
ness (L = 60.55) and redness (a = +8.94) values found for breasts from 
electrical stunning showed that they were darker and redder (P < 0.05), 
probably due to changes in blood pressure. Glucose and corticosterone 
levels were not different between gas stunned birds (302.45 to 315.7 
mg/dl and 55.71 to 72.49 ng/ml respectively) and birds at rest (305.95 
mg/dl and 50.65 ng/ml) (P > 0.05). These stress indicators were higher 
(337.65 mg/dl for glucose and 104.13 ng/ml for costicosterone) when 
electrical stunning was used (P < 0.05). Lactate concentrations were 
lower (5.4 mmol/l) for birds at rest (P < 0.05) but not different for all 
stunning methods tested (7.3 to 8.1 mmol/l; P > 0.05). These results 
show that serum glucose may be used as a stress indicator in birds, with 
the advantage of being a quick and cheap biochemical test. Gas stunning 
favored birds′ management during slaughter and so reduced workers′ 
effort and injury hazard and the amount of feces and dust in the room. 

To make this method available for a large scale process, adjustments in 
equipments will be necessary to avoid delays in the processing line.

Key Words: gas, controlled atmosphere, animal welfare, CO2, electri-
cal

    264P   Evaluation of bioMérieux Tempo methods in peracetic 
acid efficacy studies for the poultry market. A. Thompson* and S. 
Abraham, FMC Corporation.

In a series of several studies, traditional enumeration methods were 
compared with the TEMPO system from bioMérieux in efficacy tests of 
peracetic acid for use in the poultry market. The objective of these tests 
was to compare the use of Tempo to traditional plating methods (such as 
Petrifilm). Tests were conducted to evaluated the antimicrobial efficacy 
of peracetic acid in poultry carcasses and then compare the microbial 
results with the Tempo unit vs. traditional methods. In one of several 
tests, chicken carcasses inoculated with L. monocytogenes and E. coli 
O157:H7 were treated with 200 ppm peracetic acid from Spectrum 
(FMC Corporation) for 60 s, and subjected to the USDA FSIS bird 
rinse method. The rinsates were enumerated for total viable count and 
coliform count using traditional and Tempo TVC and CC methods. Test 
results indicated good efficacy of 200 ppm Spectrum against E. coli and 
L. monocytogenes, and greater than 3 log10 reduction in aerobic plate 
count and over 4 log10 reduction in coliforms. Comparison between the 
enumeration methods indicate similarity in the results, with a tendency 
for Tempo to over-enumerate very slightly. These studies found that in 
a variety of tests, Tempo can substitute for traditional plating, providing 
comparable results to traditional methods in most cases, allowing for 
faster through-put of poultry rinse samples increasing the efficiency of 
the microbial laboratory.

Key Words: Tempo, poultry rinse testing, peracetic acid

    265P   In vitro evaluation a maltodextrin-based feed on 
gastrointestinal tract bacteria. R. Ofori*1SC, B. M. Rathgeber2, P. 
Colpitts1, K. Budgell2, and D. Anderson2, 1Nova Scotia Agricultural 
College, Truro, N, Canada, 2Agriculture & Agri-Food Canada, 
Kentville, NS, Canada.

Normally feed is withdrawn from poultry several hours before the 
initiation of catching and shipping, allowing digesta to pass through 
and reduce the incidence of carcass contamination from gut contents. 
It has been proposed that a highly digestible feed supplement offered 
during preslaughter feed withdrawal will reduce live weight loss, 
improve carcass yield as it reduces digesta volume. The objective of this 
study was to determine if digesta collected following consumption of a 
maltodextrin-based feed would further benefit from addition of dietary 
antimicrobials. Two trials involved 35 d old broilers ready for process-
ing. Birds were randomly assigned to one of 3 groups, full fed broiler 
finisher, feed removed and provided a maltodextrin based diet. At 3, 6 
and 9 h from the start of the feed treatments birds were killed and the 
digesta was removed from the jejunum and ileum and placed on ice. 
Two samples from each time period for the full fed and starved birds 
and 8 samples of maltodextrin digesta were incubated in an anaerobic 
chamber for the same corresponding 3, 6 and 9 h. Following incubation 
the samples were serially diluted and plated on aerobic plate count, E. 
coli/coliform and enterobacteriaceae petrifilm and incubated. The results 
were transformed to log based 10 and analyzed using the Mixed-model 
of SAS. In the end the number of bacteria per gram of digesta was not 
different between treatments although the volume of digesta was sub-
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bacteria in broiler chicken digesta and whether there would be benefit 
for introduction of a dietary antimicrobial.

Key Words: maltodextrin, broiler chicken, feed withdrawal, digestive 
tract bacteria

    

             

stantially greater in the full fed birds. This indicates that the treatments 
were either ineffective for reducing the concentration of bacteria in the 
digesta or the means for measuring bacterial numbers was ineffective for 
determining a change in bacterial populations. Further work is needed to 
determine the impact of a maltodextrin-based feed on the population of 
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