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B-313 Antibiotic Usage in Poultry: Assessing the Effects on Antibiotic Resistance and Human Health
Randall Singer, University of Minnesota, St. Paul, Minnesota, USA
Bacterial infections in humans that are resistant to antibiotics pose a significant and growing public health challenge globally. Agricultural antibiotic use 
(AAU) can influence resistance in specific bacterial populations, and it is now well-documented that non-antibiotic compounds such as disinfectants 
and metals can also significantly impact the prevalence of resistant bacteria. Within the poultry production system, there is a complex web of possible 
pressures affecting resistance in bacteria of importance to human and animal health. The real challenge is determining which practices are making the 
greatest contribution to the emergence, amplification, persistence and dissemination of antimicrobial resistance (AMR) and then accurately predicting 
the net benefit to human health that modification or elimination of these practices would have.

Poultry production globally is experiencing dramatic changes in the ways in which antibiotics are being used.  In the U.S., medically-important growth 
promoters are being phased out, and many companies have eliminated the use of other antibiotic administrations, including the use of antibiotics in the 
hatchery.  While some of this decision is based on consumer demands, there has also been a widespread acknowledgement that antibiotics need to be 
used responsibly and that reduced usage should translate into reduced antibiotic resistance in human and animal pathogens.  There are multiple pathways 
by which AAU can cause resistance to increase above background levels and then lead to a negative outcome (human health harm).  These pathways 
include: 1) AAU leads to an increase in resistant pathogens which are then transmitted to humans via the food chain or the environment, 2) AAU selects 
for resistance in non-pathogens, such as commensals or environmental microbes, which then transfer resistance genes to pathogens leading to more 
resistant infections in humans, and 3) following AAU there is a release of active antimicrobial compounds into the environment where selection occurs 
predominantly in non-pathogens, such as soil microbes, and resistance is transferred to pathogens. 

The broiler chicken and turkey systems have been linked to many antibiotic resistant infections in humans and are therefore critically important systems 
in which to develop and implement strategic programs for mitigating antibiotic resistance.  For example, Salmonella enterica is prevalent in poultry 
production and between 25 and 50% of human salmonellosis illnesses in the U.S. have been attributed to chicken. Many of these Salmonella strains are 
multidrug resistant (MDR), and consequently, the Centers for Disease Control and Prevention (CDC) has a stated goal of reducing by 25% multidrug-
resistant non-typhoidal Salmonella infections compared to estimates from 2010—2012.  There is the assumption that reductions in MDR Salmonella 
should be expected as antibiotic usage is reduced in poultry production.  Unfortunately, there are many challenges to reducing antimicrobial resistance 
in bacteria such as Salmonella, and it is unclear if simple reductions in antibiotic usage will translate into reductions in MDR Salmonella.

In summary, antibiotic resistance is a critically important issue affecting the health of human and animal populations. Although the role of poultry pro-
duction practices in augmenting levels of antimicrobial resistance in key bacteria is uncertain, there are many practices in poultry production that have 
the potential to exacerbate the problem and aid in the selection, persistence and dissemination of resistance.  This presentation will address some of these 
practices and the challenges affecting attempts to mitigate antibiotic resistance in the poultry production system.
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2 ABSTRACTS OF PAPERS

Physiology 
M1 Correcting bone morphometry values for body weight 
differences Cristian Uculmana1, Diego Martínez*2, Jorge Tay1, Carlos 
Vílchez1 1Universidad Nacional Agraria La Molina; 2LIAN Development 
& Service
Data from three experiments (E1, E2, E3) with male Cobb 500 broilers 
were used to test if a correction of bone morphometry values is needed 
when analyzing the results of experiments where differences in body 
weight (BW) exist among treatments. E1 and E2 had 108 day-old chicks 
placed in cages until 21 d each, assigned to three treatments on Ca and P 
nutrition with four replicates, and weekly evaluated; whereas E3 had 128 
day-old chicks placed in cages for 14 d, assigned to two treatments on in-
testinal health. In each experiment, bones were obtained (femur, FE; tibio-
tarsus, TI; tarsometatarsus, TS), boiled for 15 minutes to remove flesh and 
cartilages and air dried for 24 hours. Bone weight, length and diaphysis 
width were measured. The absolute variable (AV) and the one corrected 
for differences in BW (corrected variable, CV) were determined. CV were 
obtained applying the formula: CVi = AVi x BWp / BWi ; where “i” refers to 
the average value of one single experimental unit and “p” refers to the av-
erage value of all experimental units. The data from each experiment and 
age were analyzed using a CRD, the GLM procedure of SAS and Dun-
can’s test. The trends on statistical significances in each pair of variables 
(AV, CV) were compared. Results showed that AV that initially presented 
significant differences among treatments lost it when presented as CV, 
particularly when there were differences in body weight. This was veri-
fied in the weight of TS (AV, P=0.0017; CV, P=0.0936), length of FE (AV, 
P=0.0229; CV, P=0.6581), TI (AV, P=0.0133; CV, P=0.7709) and TS (AV, 
P=0038; CV, P=0.6052), and FE width (AV, P=0.0015; CV, P=0.8012) 
after correcting the AV for BW differences. In conclusion, if differences in 
bone morphometry are associated to differences in BW, the correction of 
bone morphometry for differences in BW can help a better understanding 
of the results seen in that specific variable and establish if the difference is 
a consequence of the difference in body weight or not.

Key Words: bone morphometry, tibia, mineralization, skeletal integrity, 
lameness

M2 The comparative efficacy of various feed additives on the 
resistance of broiler to experimentally induced cecal coccidiosis Atta 
Subhani1, Kamran Ashraf2, Muhammad Umar Sohail*3 1UVAS; 2University 
of Veterinary and Animal Sciences, Lahore; 3Government college 
University Faisalabad
Coccidiosis is the lethal parasitic disease of the poultry with high rates 
of morbidity and mortality. The disease is caused by the apicomplexan 
parasites of the genus Eimeria. Drugs and live vaccines are the two main 
control measures for the disease; however, due to an increasing concern 
for prophylactic drug use and the high cost of vaccines, urges researchers 
to explore alternative control methods the disease. Recent evidences sug-
gest that various dietary and live microbial supplements can boost host im-
munity against enteric diseases and therefore, gaining huge importance as 
nutraceutics. In the present study, we tested prebiotic, probiotic and neem 
fruit (Azadirachta indica) against coccidiosis infection in broiler chick-
ens. For this purpose a total of 300 day old chickens free from coccidial 
infection were randomly divided into six groups. On d 14 of the study, 
the birds were challenged oesophageally with 10,000 viable sporulated 
E. tenella oocysts, whereas, the birds in control group were remain un-

challenged and serve as negative control. The treatment groups were fed 
basal diet (Negative control group and coccidiosis control group), basal 
diet + 0.5% Diclazuril® (Diclazuril group), basal diet + Lactobacillus pro-
biotic (Probiotic group), basal diet + Mannan-oligosaccharides (Prebiotic 
group), and basal diet + neem fruit (Neem group). The oocyst per gram 
(OPG), clinical signs/severity of diarrhea, lesion score, weight gain, feed 
conversion ratio (FCR) and mortality rates were determined at the end 
of the study. The prebiotic group had the highest (P < 0.05) body weight 
gain compared with the control and the other treatment groups. Oocyte 
shedding (9650 oocytes/gram of stool), morbidity (lesion score = 3.6/5), 
mortality (38%), and FCR (2.4) were higher (P < 0.05) in the coccidiosis 
control group compared with the other treatment groups. Among the coc-
cidiosis groups, prebiotic and probiotic supplementations increased body 
weight gain (2044g, 2092g), whereas, lowered FCR (1.7, 1.65), mortality 
(18%, 14%), lesion score (1.2/5, 1.4/5), and oocytes shedding rate (400, 
650). In conclusion, coccidiosis is a lethal disease which can lower pro-
duction performance of the broilers and the supplementation of prebiotic 
and the probiotic can significantly overcomes the severe consequences of 
the disease.

Key Words: Broilers, Probiotic, Prebiotic, Azadirachta indica, Coccidia

M3 Comparison of hen comb and wing vein blood glucose via 
compact glucometer. Brendan Gould*GS, Suzanne Oates, Wallace Berry 
Auburn University
The objective of the present study was to verify that use of a glucometer 
to analyze blood glucose from comb or wing vein blood would yield com-
parable results. Studies of changes in blood glucose in birds have been 
hampered by difficulty in obtaining serial blood samples over short sam-
pling intervals. Longitudinal sampling of blood borne substances at short 
sampling intervals is complicated in birds by the difficulty in obtaining 
serial blood samples in a way that is safe for the bird and expeditious. 
Drawing blood via the wing (Alar) vein with a needle and syringe makes 
further sampling from that vein difficult. Glucometers of the type used for 
routine monitoring of human blood glucose require as little as 0.3 ul blood 
for analysis. This small volume allows for sampling by pricking the skin 
to obtain capillary blood rather than using a hypodermic needle to collect 
venous blood. The comb of most chickens is both conveniently bare of 
feathers and highly vascularized, making it an attractive site for obtain-
ing serial blood samples for measuring changes in blood glucose with a 
common glucometer. In the present experiment, a commonly available 
glucometer of the type used for diabetic monitoring was used to compare 
blood glucose measurements of blood from the wing vein and from the 
comb in hens. 10 commerical strain Leghorn laying hens were sampled 
from the wing vein and the comb capillaries. Blood was collected from the 
comb using an 18 gauge needle to lightly prick the skin of the comb. Wing 
vein blood was collected using a 25 gauge needle and syringe. All blood 
samples were assayed in triplicate via glucometer as blood was obtained. 
Data was analyzed by T-test. There was a difference in means of 3.2 mg/
dL between wing vein blood and comb capillary blood, a t-value of 0.72, 
and a p-value of 0.4789. This result is taken as evidence that glucometer 
analysis yields similar results regardless of whether blood is sampled from 
comb or wing vein. 

Key Words: glucometer, glucose, blood, comb, vein

*Author presenting paper

GS Denotes Graduate Student Competition
UG Denotes Undergraduate Presentation
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M4 Influence of acute maternal lead exposure on F1 pigeon 
hatchlings Robert Williams*GS1, Susan Williams1, Steven Holladay1, 
Lawrence Tannenbaum2, Robert Gogal1 1University of Georgia; 2U.S. 
Army Center for Health Promotion and Preventive Medicine
It is well documented in avian species that forage, that lead (Pb) in the 
form of spent pellets or bullet fragments, can be mistakenly ingested as a 
source of food or grit. We previously investigated the impact of oral pellet 
retention time and toxicity in two adult avian species. We observed that 
as little as one #9 Pb pellet is sufficient to induce significant hematologic 
toxicity in both the Northern Bobwhite and Roller Pigeons. Still, there is 
a critical gap in knowledge regarding the impact of maternal Pb exposure 
on reproduction success and F1 generation outcome. In the present study, 
36 hens (n=12/ treatment) were orally dosed with either PBS vehicle, a #9 
(45-50mg) or #7.5 (90-95mg) Pb pellet just prior to mating. Hen repro-
duction and F1 hatchling growth parameters were measured across two 
successive hatches. In addition, blood Pb levels, d-ALAD activity, blood 
hematology and histopathology of the spleen, liver, kidney, sciatic nerve, 
thymus, and brain was performed. Preliminary data from the 1st F1 hatch 
showed that egg production and hatchability declined in both Pb-treatment 
groups. Further, hatchlings from the #7.5 Pb pellet hens had thymic at-
rophy as well as numerous inclusions throughout a number of the other 
organs. In the 2nd F1 hatch, reproductive parameters were not different and 
gross organ weights were comparable to controls however, the maternal 
Pb-treated hatchlings had a higher number of lesions per group. Based on 
these preliminary results, acute maternal Pb exposure in the form of one 
spent pellet prior to mating, can adversely affect hen reproduction success 
as well as impact hatchling health. 

Key Words: Pigeon, Pb toxicity, hatchling, reproduction, thymic atrophy

M5 Expression of the mRNA for zona pellucida protein A in the 
developing follicles of the broiler breeder hen Joshua Steed*GS, Andrew 
Benson, Mia Malloy, Martha Freeman, Adam Davis University of Georgia
The freshly ovulated ovum in avian species is surrounded by a protein 
layer called the inner perivitelline layer (IPVL), which is equivalent to 
the zona pellucida in mammals. For successful fertilization, sperm must 
attach to and penetrate the IPVL. In the domestic chicken six distinct zona 
pellucida genes have been identified (ZPA, ZPB1, ZPB2, ZPC, ZPD and 
ZPX1). ZPB1 is synthesized in the liver and transported to the develop-
ing follicles while the other ZP proteins are produced by follicular tis-
sue. In the present research, the expression of the mRNA for ZPA was 
investigated in theca and granulosa cells of the developing preovulatory 
follicles of 8 broiler breeder hens. Individual theca and granulosa layers 
were separated from the F1-F4 follicles. Theca and granulosa cells were 
enzymatically separated from one another in the nonhierarchical follicles 
which were pooled by size in the following categories less than 2 mm, 2-5 
mm, 5-8 mm and 8-12 mm in diameter. The isolated theca and granulosa 
cells from each follicle size from two birds were combined to create 4 
replicate samples for each follicle size. Total RNA was extracted from the 
samples and DNase treated for two step real-time PCR analyses of ZPA. 
Taqman minor groove binding probes and primers for detecting ZPA and 
GAPDH (endogenous control) were designed using Primer Express (Ver-
sion 2.0, Applied Biosystems) based on published nucleotide sequences 
of these genes. Granulosa cell expression of ZPA was highest in the less 
than 2 mm sized follicles. Interestingly, the expression of ZPB2 mRNA 
is the highest in theca cells from the follicles of this size category. In the 
hierarchical follicles granulosa cell expression of ZPA was very low. ZPA 
mRNA was not detected in theca samples from the 3 largest follicles, but 
was detected in theca cells isolated from the F4 follicle and the non hier-
archical follicles. The results suggest that unlike ZPC and ZPD which are 
known components of the IPVL and which have high mRNA expression 
only in granulosa cells from the largest hierarchical follicles, that ZPA, 
like ZPB2 may have a role in early follicle development.

Key Words: Zona pellucida, Chicken

M6 The mRNA expression of preprodynorphin, gonadotrophin 
inhibitory hormone, and gonadotrophin inhibitory hormone receptor 
in the ovary of broiler breeder hens. Ashley Stephens*GS, Martha 
Freeman, Adam Davis University of Georgia
In mammalian species, the neuropeptide kisspeptin (Kiss) is the key regu-
lator of gonadotropin releasing hormone (GnRH) release. Furthermore, 
there is increasing evidence that Kiss and its receptor are produced by the 
ovary and function in follicular development. Recent evidence indicates 
that Kiss has been evolutionarily deleted from the chicken genome. The 
objective of the current research was to investigate other hormones that 
could be fulfilling the biological roles of Kiss in the chicken ovary. The 
opioid neuropeptide, dynorphin (Dyn), is translated as preprodynorphin 
(Pdyn) and undergoes post-translational modification to its mature form, 
and evidence in mammalian species suggests that it negatively impacts 
GnRH release. Similarly, gonadotropin inhibitory hormone (GnIH) may 
negatively impact GnRH release. The expression of the mRNA for Pdyn, 
GnIH, and GnIH receptor was investigated in theca and granulosa cells 
of the developing preovulatory follicles and in the pituitary of 6 broiler 
breeder hens. Individual theca and granulosa layers were separated from 
the F1-F4 follicles. Theca and granulosa cells were enzymatically separat-
ed from one another in the nonhierarchical follicles, which were pooled by 
size in the following categories: less than 5 mm and 5-12 mm in diameter. 
The isolated theca and granulosa cells from each follicle size from two 
birds were combined to create 3 replicate samples for each follicle size. 
Total RNA was extracted from the samples and DNase treated for two step 
real-time PCR analyses of Pdyn, GnIH, GnIH-R, and GAPDH (control) 
mRNA expression. Taqman minor groove binding probes and primers for 
each gene were designed using Primer Express (Version 2.0, Applied Bio-
systems) based on published nucleotide sequences of these genes. Pdyn, 
GnIH, GnIH-R mRNA were all detected in pituitary tissue. GnIH mRNA 
was not detected in any follicular tissue sample. However, GnIH recep-
tor mRNA was detected in all of the theca and granulosa tissue samples 
from all follicle sizes except for the F1 granulosa samples. Overall, GnIH 
receptor mRNA expression decreased with follicular development. Pdyn 
mRNA was not detected in the theca samples from the three largest fol-
licles, but was consistently detected in the granulosa samples from all fol-
licle sizes. The results indicate that locally produced Pdyn could influence 
follicular development, while brain produced GnIH could effect follicular 
development by differential expression of its receptor.

Key Words: granulosa, theca, pituitary

M7 Effect of chelated copper on gut health in broilers Karen 
Wedekind, Terra Wineman, Mercedes Vazquez-Anon, Jeffery Escobar, 
Juxing Chen* Novus International Inc.
Copper (Cu) has been widely used at pharmacological levels (e.g., 125 
ppm) as growth promoter in poultry. However, the mechanism by which 
high levels of Cu promote growth remains to be determined. It is com-
monly recognized that Cu exerts anti-microbial effect in the gut but there 
is not much direct and consistent data showing that Cu alters the popula-
tion of bacterial species in birds. The objective of this study was to under-
stand the mechanism by which methionine hydroxy-analogue chelate of 
Cu (MINTREX® Cu) improves gut health in broilers. Wheat-barley-SBM 
based diets were formulated to meet or exceed nutrient needs except for 
trace minerals. MINTREX® Cu was added to provide 0 ppm (NEG), 30 
ppm (Mtx30), or 75 ppm (Mtx75) in final diets. Supplemental levels of 
Zn and Mn from MINTREX® (32 ppm), Fe (40 ppm), I (1.25 ppm), and 
Se (0.3 ppm) were similar among treatments. Day of hatch Ross 308 male 
broilers were randomly assigned to one of the 3 treatments with 9 pens per 
treatment and raised to 40 d of age. Both Mtx30 and Mtx75 reduced (P < 
0.05) FCR during grower phase (d 15-27). Mtx75 reduced (P<0.05) foot-
pad lesion scores in birds of 33 and 40 d of age. Compared to Neg, Mtx30 
reduced (P=0.047) villus width, and Mtx75 reduced (P=0.034) muscular 
width in the duodenum of birds of 21 d of age. Both Mtx30 and Mtx75 
increased jejunal villus height (P<0.0001), villus height/width ratio (P< 
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0.017), reduced crypt depth (P<0.018), and crypt depth/villus height ratio 
(P<0.0001) in birds of 40 d of age. These results indicate that MINTREX® 

Cu improved gut morphology and likely reduced energy needs to main-
tain gut barrier function. Mtx30 increased (P<0.04) the relative level of 
Lactobacillus in cecum. Taken together, MINTREX® Cu improved gut 
health of broilers by maintaining better gut structural integrity and shift-
ing the gastrointestinal microbiota to more beneficial microflora, which 
probably improved litter quality thereby resulting in better growth per-
formance and healthier footpads. MINTREX® is a trademark of Novus 
International, Inc.

Key Words: Chelated copper, gut health, microbiota, footpad lesion

M8 Genes involved in muscle development, muscle differentiation, 
and insulin signaling may play a role in the phenotypic expression 
of feed efficiency seen in a single genetic line of male broilers. Kentu 
Lassiter*GS, Byung-Whi Kong, Sami Dridi, Walter Bottje University of 
Arkansas
Recent global expression studies investigating differences between high 
and low feed efficient (FE) male broilers predicted that the differential 
expression of several genes involved in muscle development and insulin 
signaling may contribute to variations in broiler growth. Thus, the objec-
tive of this study was to determine mRNA expression of genes involved 
in muscle hypertrophy, the formation of muscle and muscle cells, and the 
insulin receptor signaling pathway. Breast muscle samples were obtained 
from broiler breeder males (~8 wk old) that had been individually pheno-
typed for FE between 6 and 7 wk of age. The high FE group had greater 
body weight gain but consumed the same amount of feed resulting in 
higher FE of 0.65 + 0.01 compared to 0.46 + 0.01 for the low FE group. 
Total RNA was extracted from breast muscle (n = 5 per group) and mRNA 
expression determined by quantitative PCR. The results indicate that sev-
eral genes known to enhance muscle metabolism (AMPKα1, AMPKα2, 
creatine kinase) and myogenesis (HSP70, myogenin, NCF2, MAP2K6, 
MAP3K7) were upregulated (P < 0.05) in the high FE broilers, whereas 
genes known to inhibit muscle hypertrophy, differentiation, and fiber size 
(myostatin, caveolin-3, activin receptor II B, Smad 2, Smad 3, IGFBP-3) 
were expressed at higher levels in low FE broilers (P ≤ 0.05). In the insulin 
signaling pathway, IRS-1 and RAPTOR (P < 0.05) were higher in the high 
FE broilers, whereas expression of SHC-1 and GLUT-8 (P < 0.05), mTOR 
(P = 0.07), p70S6K (P < 0.08), and PKA (P < 0.08) was higher in the low 
FE broilers. These results provide further information regarding underly-
ing cellular mechanisms associated with the phenotypic expression of feed 
efficiency. Funded by USDA-NIFA (#2013-01953), Arkansas Biosciences 
Institute (Little Rock, AR) and the Arkansas Agricultural Experiment Sta-
tion (Univ. of Arkansas, Fayetteville).

Key Words: feed efficiency, broilers, gene expression, muscle

M9 Histological analysis of the pectoralis major muscle in broiler 
lines divergently selected for Percentage 4-day breast yield Sara 
Orlowski*GS1, Cindy Coy2, Sandra Velleman2, Nicholas Anthony1 
1University of Arkansas; 2The Ohio State University
Muscle development during embryonic and early post hatch growth is pri-
marily through hyperplastic growth and accumulation of nuclei through 
satellite cell contribution. Post hatch, muscle development transitions 
from hyperplasia to hypertrophic growth of muscle fibers. Commercial se-
lection for breast yield traditionally occurs at ages targeting hypertrophic 
rather than hyperplastic growth. This has resulted in the production of gi-
ant fibers and concomitant challenges with regard to muscle myopathies. 
The current study investigates the impact of selection during the period of 
hyperplastic growth. It is hypothesized that selection for percentage breast 
yield during hyperplasia will result in increased number of muscle cells 
at hatch and potentially impact muscle fiber characteristics at processing. 
This study characterizes the breast muscle histology of three broiler lines 
at various ages in the growth period. The lines include a random bred con-
trol (RAN) as well as lines which have been selected for high (HBY4) and 

low (LBY4) Percentage 4-day breast yield. Post-rigor pectoralis major 
samples from 6 males and 6 females of each age were collected and stored 
in formalin. The sample ages included embryonic d18, post hatch d4, and 
d56. The samples were processed using a Leica tissue processor, embed-
ded in paraffin wax, sectioned, and placed on slides. Slides were stained 
using hematoxylin and eosin. Embryo D18 and D4 post-hatch analysis 
showed advanced muscle fiber formation for HBY4 and immature muscle 
development for LBY4 as compared to RAN. D56 samples were ana-
lyzed for fiber number, fiber diameter, epimysium and perimysium. Line 
HBY4 had the largest muscle fiber diameter (54.2±0.96) when compared 
to LBY4 (45.4±0.96). There were no line difference in epimysium spac-
ing while perimysium spacing was higher for HBY4 males. Selection for 
Percentage 4-day breast yield has impacted the rate and extent of muscle 
fiber formation in both the LBY4 and HBY4 lines with no negative impact 
on fiber spacing. The shift in processing age to later ages has exposed 
issues associated with muscle fiber viability. Selection during the period 
of muscle hyperplasia may result in additional nuclei per fiber and thus a 
decrease muscle myopathies.

Key Words: broiler, hyperplasia, hypertrophy, muscle fiber, breast muscle

M10 Characteristics of woody breast and the effect of chelated trace 
minerals on woody breast in broilers Karen Wedekind, Terra Wineman, 
Cindy Atwell, Mercedes Vazquez-Anon, Jeffery Escobar, Juxing Chen* 
Novus International Inc.
Woody breast is an emerging issue of meat quality with palpably hard 
or tough breast muscle. The objective of this study was to understand 
the characteristics of woody breast and to explore the potential preven-
tion and/or intervention strategy to alleviate the issue. Normal and woody 
breast samples were examined for histology and total collagen protein, 
TBARS, marinade uptake, penetration force, and gene expression were 
measured. Woody breast fillets were heavier (P < 0.03) and thicker (P < 
0.0001) than normal fillets. Histological examination showed extensive 
necrotic/dying and splitting muscle fibers, intense inflammation, and mas-
sive accumulation of connective tissue/collagen in the muscle of woody 
breast. Total collagen protein, TBARS, and penetration force were higher 
(P < 0.03) and marinade uptake was lower (P < 0.02) in woody breast 
fillets than normal fillets. The mRNA levels of tissue inhibitor of metal-
loproteinase 2 and vascular endothelial growth factor were reduced (P < 
0.05), and the mRNA levels of interleukin-8 were increased (P = 0.07) in 
woody breast compared to normal breast in broilers at 40 d of age. The 
mRNA levels of tenascin C were increased (P < 0.04) in woody breast 
compared to normal breast in broilers at 23 and 28 d of age. These results 
suggest that inflammation, fibrosis, matrix degradation, and wound heal-
ing were occurring in woody breast muscle and oxidative stress is asso-
ciated with woody breast. Methionine hydroxyl-analogue chelate of Cu 
(MINTREX®) supplemented at 30 or 75 ppm reduced (P = 0.08) woody 
breast score in broilers at 33 d of age compared to unsupplemented Cu 
controls indicating an important role of MINTREX® Cu in woody breast. 
Therefore, MINTREX® Cu had potential to alleviate woody breast sever-
ity in broilers. MINTREX® is a trademark of Novus International, Inc.

Key Words: woody breast, chelated trace minerals, gene expression, 
inflammation, oxidative stress
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M11 Evaluation of objective methods to detect woody breast and 
white striping myopathy Bradley Schrader*GS, Elle Chadwick, Yilin Li, 
Ken Macklin, Amit Morey Auburn University
White striping (WS) and woody breast (WB) myopathies are major issues 
in the broiler industry attributed to faster growth rate in chicken. Currently, 
these myopathies are scored by subjective methods such as visual assess-
ment and touch. Subjective methods for quality assessment are dependent 
upon the evaluator, are unreliable and lack repeatability. Alternatively, in-
formation on objective methods to detect WS and WB is lacking. The aim 
of this experiment was to evaluate objective techniques such as color and 
texture in conjunction with subjective methods to evaluate WS and WB.

Broiler chickens (Hubbard x Cobb; n=166) were processed at 50 days 
of age. Carcasses were deboned approximately 24 h post-rigor. The left 
breast filet was used for color measurements (L* a* b*) and scored visu-
ally for WS (Normal, Moderate, Severe) while palpitation method was 
used to score WB (0 = No woody breast, 1 = <50% and 2 = > 50% woody 
breast). The right filet was weighed, cooked in a convection oven to 74ºC 
(internal temperature), cooled down and weighed again to determine cook 
loss. A 5g sample of the cooked filets was then used to determine shear 
force using a 10 blade Allo-Kramer Shear Cell. Accumulated data was 
analyzed using Pearson Correlation (a=0.05) and Logistic Regression 
(a=0.05).

Out of the 166 filets, 29% had severe WS while 34% samples had a WB 
score of 2. Shear force and cook loss ranged from 11.29 kgf to 54.31 kgf 
and 18.18% to 50.13%, respectively. Pearson correlation showed that 
cook loss and shear stress had a significant relation WS and WB but the 
r value was low. However, there was a significant relation between cook 
loss and shear stress (r=0.38). Color was not a significant predictor of WS 
and WB. Logistic regression revealed shear force and cook loss can pre-
dict WB score, and shear force can predict WS score.

Results indicate shear force and cook loss can be used to predict WB and 
WS scores, but additional studies should be conducted to reinforce these 
results.

Key Words: Woody breast, White striping, Texture analysis, Myopahies, 
Broiler

M12 Occurrence of white striping and wooden breast in broilers 
fed diets with increasing levels of lysine in grower and finisher phases 
Henrique Cemin*, Rafael Cruz, Sergio Vieira, Patrícia Carvalho, Silvana 
Rauber, Heitor Rios, Liris Kindlein UFRGS
White striping (WS) and wooden breast (WB) are two important my-
opathies in poultry industry that affect breast meat quality and consumer 
acceptance. The objective of this trial was to evaluate the occurrence of 
WS and WB and the severity of these myopathies in broilers fed with 
increasing levels of lysine (Lys) in grower (12 to 28 d) and finisher phases 
(28 to 42 d). Two experiments were conducted using a total of 1,200 1-d-
old Cobb 500 male broilers with 6 treatments and 8 replicates. Two corn-
soy basal diets were formulated with 0.77% dig. Lys (experiment 1) and 
0.68% dig. Lys (experiment 2). Increasing levels of L-lysine HCl were 
supplemented to the basal diets, in experiment 1 (12 to 28 d), 0.85, 0.93, 
1.01, 1.09, and 1.17% dig. Lys and in experiment 2 (28 to 42 d), 0.76, 
0.84, 0.92, 1.00, and 1.08% dig. Lys. A standard corn-soy broiler diet was 
provided before and after the experimental periods. Growth performance 
was evaluated during the experimental period. Four birds per pen were 
processed to evaluate carcass and breast weight and occurrence (% of to-
tal) of WS and WB and severity degrees of myopathies in breast meat of 
broilers. These evaluations were done with 35 d (experiment 1) and with 
42 d (experiment 2). Severity degrees of myopathies were classified in 
three scores for WS and four scores for WB. In both experiments, birds 
fed with progressive increments of dig. Lys had higher body weight, breast 

and carcass weight when compared to the basal diet. Occurrence of WS 
and WB in grower phase was 31.25 and 85.94%, respectively. From 28 
to 42 d, the occurrence of WS and WB was 89.01 and 89.24%, respec-
tively. Lower occurrence and severity of WS were observed in the basal 
diet with 0.77% of dig. Lys compared to the diet with 1.01% of dig. Lys 
in experiment 1. The same result was observed in experiment 2 where 
lower occurrence and severity of WS were observed in the basal diet with 
0.68% of dig. Lys when compared to the diet with 0.92% of dig. Lys. 
Wooden breast had higher occurrence in broilers breast with increasing 
levels of Lys (93.75% of occurrence with 1.01% of dig. Lys, experiment 
1 and 100% of occurrence with 0.92% of dig. Lys, experiment 2) when 
compared to the basal (65.62 and 51.61% of occurrence for experiment 1 
and 2, respectively). A strong correlation was observed for WB and breast 
weight (0.618 and 0.702 for experiment 1 and 2, respectively). In conclu-
sion, the myopathies could be associated with increasing levels of dig. Lys 
and with breast weight of broiler chickens.

Key Words: broiler, breast meat, myopathies, lysine

M13 Effects of qualitative nutrient allocation on myopathies of the 
Pectoralis major muscles in broiler chickens at 48 d of age Kathryn 
Meloche*GS1, Bryan Fancher2, Sarge Bilgili1, Derek Emmerson2, William 
Dozier, Iii1 1Auburn University; 2Aviagen, Inc.
Quantitative control of nutrient intake may decrease the incidence of 
common breast muscle myopathies [white striping (WS), wooden breast 
(WB), and idiopathic necrosis (N)] with some impairment in live perfor-
mance at a given age. An experiment was conducted to determine if a 
similar reduction in myopathies may be obtained by modulating dietary 
nutrient density. Male broiler chicks of a high-yielding commercial strain 
were placed into 63 pens (25 birds/pen). All birds received an identical 
prestarter diet until 7 d of age. Thereafter, each pen was randomly assigned 
to 1 of the following 7 dietary treatments (TRT) for the starter (8 to 15 
d), grower (11 to 25 d), finisher (26 to 42 d), and withdrawal (43 to 50 d) 
phases: 1) 100% of primary breeder nutrition specifications for amino acid 
and metabolizable energy density throughout experiment; 2) 95% of TRT 
1 until 10 d of age, then as TRT 1; 3) 95% of TRT 1 until 24 d of age, then 
as TRT 1; 4) 95% of TRT 1 throughout experiment; 5) 90% of TRT 1 until 
10 d of age, then as TRT 1; 6) 90% of TRT 1 until 24 d of age, then as TRT 
1; 7) 90% of TRT 1 throughout experiment. Feed intake and mortality 
were recorded daily. Individual bodyweight (BW) was recorded at 14, 25, 
34, 42, and 47 d of age. Blood samples were collected from 4 birds per pen 
at 18, 25, 35, and 43 d of age and were subsequently analyzed for plasma 
creatine kinase and lactate dehydrogenase. At 48 d of age, 18 birds per pen 
were randomly selected for processing and the right breast fillet of each 
bird was visually scored for WS, WB, and N. Within the range of nutri-
ent density tested, chicks adjusted their feed intake sufficiently to achieve 
similar final cumulative caloric intake and BW. Broilers consuming TRT 
7 had increased (P ≤ 0.01) actual feed conversion ratios compared with 
TRT 1 and 5. No differences were observed for WB, WS, or N (P > 0.05). 
Plasma creatine kinase and lactate dehydrogenase increased (P ≤ 0.05) 
with increasing scores for WB, WS, and N. Further research is warranted 
to identify a qualitative feeding strategy that supports broiler growth tra-
jectories which reduce the incidence and severity of breast myopathies, 
while minimizing the impact on live and processing performance.

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

M14 The effect of pasture vs indoor rearing on the breast filet shelf-
life of commercial-meat chickens and alternative breeds Mckenzie 
Bear*UG, Gregg Rentfrow, Jacqueline Jacob, Anthony Pescatore, Tatijana 
Fisher, Marquisha Paul, Michael Ford University of Kentucky
This study looked at the effect of pasture-rearing on breast filet shelf-life of 
commercial-type meat chickens (BR) and three alternative breeds, Rhode 
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Island Red (RIR), Barred Plymouth Rock (BPR) and Black Australorp 
(BA). All chickens received the same diets (2866 kcal/kg and 19.2% CP) 
throughout the study. All the alternative breeds started on the floor at the 
same time and half placed on pasture at 4 weeks of age. To adjust for 
the expected faster growth rate, the BR were started on the floor 7 weeks 
later and half placed on pasture at 3 weeks of age. The study was a 4 x 2 
factorial design with 4 breeds raised with or without pasture. There were 
3 replications of 24 chicks per treatment. All chicks were placed straight 
run and weights adjusted for differences in sex ratios at the end of the 14 
week trial. As expected, the BR were ready to harvest at 7 weeks of age 
while the other breeds required 14 weeks and still weighed significantly 
less. At the end of the trial 1 male and 1 female from each replication for 
each of the treatments. Whole carcasses were ice chilled then the right 
breast filets were removed. Breast filets were frozen (-20°C) until analysis 
could be performed. Breast filets were allowed to thaw (48h; 4°C) before 
the breast filet shelf-life was determined .The filets were placed of a sty-
rofoam tray, PVC overwrapped, and displayed in a retail window case 
(4°C) under constant cool white florescent lighting (1300 LUX) for 7d. To 
determine lipid peroxidation, 2-Thirobarbituric Acid Reactive Substances 
(TBARS) were measured on a 3 gm samples removed longitudinally from 
each breast filet and then rewrapped on d 0, 3, and 7. No differences were 
detected (p>0.05) between sex, breed or days of retail display within pas-
ture vs those raised without pasture. Data was pooled to compare pasture 
vs non-pasture shelf-life. Pasture-raised chickens had lower TBARS val-
ues at d 0 and 7 (p<0.001). These data suggest that pasture-raised chickens 
have lower breast lipid peroxidation during 7 days for retail display which 
may transfer into increased shelf life.

Key Words: Heritage breeds, Breast filets, Pasture-raised

M15 Assessing the impact of egg sweating on Salmonella Enteritidis 
penetration into shell eggs Janet Gradl*GS1, Pat Curtis1, Deana Jones2, Ken 
Anderson3 1Auburn University Food Systems Institute; 2USDA Agricultural 
Research Service, US National Poultry Research Center, Egg Safety and 
Quality Research Unit; 3Prestage Department of Poultry Science, North 
Carolina State University
Salmonella Enteritidis (SE) prevalence in eggs is a major concern to the 
egg industry. Some research has shown that egg sweating, which can occur 
when refrigerated eggs are moved to a warmer temperature, can increase 
Salmonella penetration into egg contents. This often occurs when eggs are 
allowed to temper before wash, to minimize thermal cracks from occur-
ring. The objective of the study was to assess the effect of egg sweating on 
SE penetration into shell eggs over a six week period stored at 4 °C. A 2x2 
factorial of SE inoculation and egg sweating was utilized. Inoculated eggs 
were exposed to 108 SE. Sweated eggs were sweat for approximately 80 
minutes in a 32° C incubator. Shell rinse, shell emulsion, and egg contents 
were enumerated and assessed for prevalence of SE throughout 6 wks of 4 
°C storage. In week 1, the shell rinse SE inoculated/non-sweated treatment 
had significantly higher Salmonella counts (0.3215 log CFU/mL) than the 
other three treatments, where no SE was detected (P<0.05). After week 1, 
no SE counts were obtained from the egg shell rinse, shell emulsion rinse, 
or egg contents. A significant week by treatment interaction was found 
(P<0.05). During weeks 1, 2, and 3 the shell rinse non-sweated and SE 
inoculated (SN) treatment had significantly higher SE prevalence (100%, 
57.6%, 38.2%) than the sweated and inoculated treatment (SS) (34.3%, 
22.2%, 11.1%) (P<0.05). During weeks 4, 5, and 6, there was no differ-
ence in SE prevalence between the SS and SN treatment. Egg sweating 
did not increase SE penetration into the shell emulsion across treatment 
or week (P<0.05). The decreasing trend of SE prevalence obtained over 
the six week period indicate that refrigeration is a very effective method to 
halt Salmonella growth. These results indicate that the current practice of 
egg sweating is not harmful to egg safety.

Key Words: shell eggs, egg sweating, egg safety, salmonella enteritidis

M16 Determination of the route of challenge and eventual 
colonization sites of Salmonella enterica serovar Enteritidis when 
chicks are inoculated on day 0  Elle V. Chadwick, Kenneth Macklin, 
James Krehling, Laci Mackay,Anthony Frazier, Bradley Schrader 
Elle Chadwick*GS, Kenneth Macklin Auburn University
Consumption of improperly prepared or handled chicken increases 
chances of exposure to Salmonella. The prevalence of Salmonella on 
raw broiler carcasses is reported as 4.8%; however there is an increase 
of this bacterium of almost 25% more in ground poultry products. Cur-
rent management practices have shown to reduce levels of Salmonella 
Enteritidis (SE) in whole carcasses, but there is still a misunderstanding 
of why SE prevalence increases with ground poultry products. A series of 
studies were performed in which chickens were inoculated at day 0 with 
104 SE via multiple routes of infection. From these results better manage-
ment practices can be elucidated. The inoculation routes of interest include 
continual exposure of SE through feed or SE exposure on day 0 via inter-
tracheal, oral, eye, cloacal or subcutaneous challenges. Each inoculation 
trial included 70-100 straight run broilers. On days 32-36, each bird was 
euthanized and necropsied for the following samples: bursa and thymus 
(BT) (pooled), breast, ceca, crop, kidney, liver and spleen (LS) (pooled), 
neck skin (NS), spinal cord (SC), thigh meat (TM), and trachea. A sterile 
swab sample was taken from the abdominal cavity (AC), bone marrow 
from the femoral head (BM), cloaca and lung. All tissue samples had at 
least one positive isolate for every inoculation route. The feed inoculation 
had the most positive samples as well as the highest percentages with the 
crop, ceca, BT and cloaca being prevalent in over 80% of the birds. The 
subcutaneous injection had the opposite effect with all but crop and NS 
having less than 10% prevalence. Positive samples of the breast, thigh and 
SC for every inoculation route occurred in less than 10% of the samples. 
Samples that were taken near an area of inoculation resulted in a higher 
percentage of SE prevalence. This series of studies have shown that if SE 
is present in the feed the chance of the animal being positive is higher then 
the other inoculation routes due to the range of positive tissue samples as 
well as the high percentages of positive tissues. The overall results of these 
studies is if SE enters the bird it will be recovered.

Key Words: Salmonella, Salmonella Enteritidis, ground chicken

M17 Using RNA-Seq Next Generation Sequencing to understand 
the variability in gene expression in Salmonella Heidelberg (SH) after 
exposure to disinfectants Myrna Cadena*1, Rodrigo Gallardo1, Huaijun 
Zhou2, Maurice Pitesky1 1UC Davis, School of Veterinary Medicine; 
2University of California Davis
Next generation sequencing (NGS) such as RNA-seq technology allows 
for the rapid comparison of transcribed sequences (e.g. the ‘transcrip-
tome’) from one or multiple genomes. This relatively novel technology 
allows for the development of a ‘transcriptional map’ of the chromosomal 
and plasmid RNA. Therefore, using this technique for the same bacte-
rium in different environments would allow investigators to better under-
stand the relationship between a bacterial pathogen and the environmental 
trigger(s) that induce virulence and resistance. In our study, we evaluated 
the transcriptomes of three strains of Salmonella Heidelberg (SH) after 
challenging them with cetylpyridinium chloride, acidified calcium hypo-
chlorite and peroxyacetic acid for 90 minutes at 4⁰C. Then the different 
transcriptomes of SH were compared in order to determine transcriptional 
differences of genes linked to virulence and survivability. From a HACCP 
perspective, this approach could be used to determine critical food safety 
parameters in a way never previously investigated in a food system envi-
ronment. Ultimately, our goal is to identify conditions in a poultry process-
ing plant that mitigate transcription of genes associated with virulence and 
survivability. The work is a novel approach toward post-harvest control of 
pathogenic bacteria. It reflects the potential synergy between DNA based 
detection technologies and RNA based approaches, which allow for a 
greater understanding of how bacteria responds to its environment (e.g. 
the chiller in these experiments). In order to isolate quality RNA from 
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SH exposed to the disinfectants, a modified procedure based upon a Qia-
gen RNA extraction kit and RNAclean XP beads was used. RNA quality 
was assessed using an Agilent Bioanalyzer, which uses the electropho-
retic trace of the sample to determine the integrity of the RNA. Using this 
method, an RNA integrity number average of 5.4 was obtained.

Key Words: salmonella Heidelberg, disinfectants, next-generation 
sequencing, rna isolation

M18 Proteomic analysis on broiler breast myopathies Vivek 
Kuttappan*1, Ranjith Ramnathan2, Jeffery Escobar3, Steven Hartson2, 
Casey Owens1, Craig Coon1, Byung-Whi Kong1, Mercedes Vazquez-
Añon3, Walter Bottje1, Billy Hargis1 1University of Arkansas; 2Oklahoma 
State University; 3Novus International Inc.
White Striping (WS) and Wooden Breast (WB) are two conditions that 
adversely affect consumer acceptance as well as quality of poultry meat 
and meat products. The incidence of these conditions have increased tre-
mendously throughout the world in the last few years. Both WS and WB 
are associated with heavier birds and characterized with degenerative 
myopathic changes in muscle. Previous studies showed that WS and WB 
in broiler fillets could result in higher ultimate pH, increased drip loss, 
and decreased marinade uptake. The main objective of the present study 
was to compare the proteomic profiles of meat samples (n=5 per group) 
with either – NORM (no or less myopathic lesions) or SEV (with severe 
myopathic changes). Proteins were extracted from these samples and ana-
lyzed using a hybrid LTQ-OrbitrapXL mass spectrometer (LC – MS/MS). 
Over 800 proteins were identified in the meat samples, among which 141 
demonstrated differential (P<0.05) expression between NORM and SEV. 
The differently (P<0.05) expressed proteins were uploaded to Ingenuity 
Pathway Analysis® (IPA) software to determine the associated biological 
networks and pathways. The IPA analysis showed that eukaryotic initia-
tion factor-2 (eIF-2) signaling, mammalian target of rapamycin (mTOR) 
signaling, as well as regulation of eIF4 and p70S6K signaling were the 
major canonical pathways upregulated (P<0.05) in SEV birds compared 
to NORM. The upregulation of these pathways indicate an increase in 
protein synthesis. This could be part of the cellular stress associated with 
ongoing muscle degeneration and the attempt to repair tissue damage in 
SEV birds. Furthermore, IPA analysis revealed that glycolysis and gluco-
neogenesis were the major downregulated (P<0.05) canonical pathways 
in SEV with respect to NORM birds. Downregulation of these pathways 
could be the reason for higher ultimate pH seen in SEV meat samples 
indicating reduced glycolytic potential. In conclusion, the comparison of 
proteomic profiles of NORM and SEV meat samples showed differences 
in protein profile which explains some of the observed differences in meat 
quality parameters. Future studies based on these differences could pro-
vide valuable insights into various cellular changes and identification of 
biomarkers related to WS and WB.

Key Words: Proteomics, white striping, wooden breast, myopathy, 
broiler breast meat

M19 Texture analyses of cooked wooden broiler breast fillets 
after fresh and frozen storage Gabriela Sanchez Brambila*1, Debolina 
Chatterjee1, Brian Bowker1, Hong Zhuang2 1ARS-USDA; 2USDA-ARS
The objective of this study was to evaluate the effects of the wooden 
breast condition on the texture of cooked broiler breast fillets (Pectora-
lis major) after fresh and frozen storage. Samples of broiler fillets with 
either wooden breast (WB) and normal (NORM) condition, were studied 
by sensory descriptive analyses and Warner-Bratzler shear force. Broiler 
breast samples deboned at 3 h postmortem were collected from a com-
mercial deboning line over three separate trial days (replicates). After 
each collection samples were transported to USDA pilot plant for weight, 
pH, color (CIE L*a*b*), fillet trimming, label and classification for nor-
mal, or wooden breast condition. From each replicate (collection day), 
16 normal (NORM) and 16 severe wooden breasts (WB) were selected, 
vacuum packed and divided into 4 groups (8 fillets each), which were 

stored at either 4°C or -20°C until texture analyses. Fillets stored at -20°C 
were thawed overnight at 4°C before cooking and all fillets were cooked 
to an endpoint temperature of 78oC, 5 days after they were collected. The 
sensory evaluation was conducted by an 8-member sensory panel trained 
for springiness, cohesiveness, hardness, juiciness, cohesiveness of mass, 
bolus size, wetness of mass, fibrous, rate of breakdown, and chewiness. 
Warner-Bratzler shear force was measured using a TA-XTPlus analyzer. 
Data of weight loss showed that WB fillets had significantly (P<0.05) 
higher (31.8-32.3%) cook loss than NORM fillets (21-24.3%) regardless 
of storage condition. Significant differences (P< 0.05) in shear force were 
found between NORM and WB samples for fresh samples, while no dif-
ferences were found for frozen-thawed samples. Significant differences in 
the sensory analyses were found (P <0.05) in springiness between NORM 
and WB fillets stored at -20 °C though there was no differences between 
these two conditions in fresh samples. These data suggest that the WB 
condition could influence the texture properties of cooked broiler breast 
fillets and that storage condition can affect texture results.

Key Words: Wooden Breast, Texture, Sensory analyses, Shear force, 
cooked fillets

M20 Wooden breast condition results in reduced thaw loss in frozen-
thawed broiler breast fillets Hong Zhuang*, Brian Bowker U.S. National 
Poultry Research Center
Wooden breast condition (WBC) is an emerging quality issue with broiler 
breast meat that significantly affects both raw and cooked meat proper-
ties. The objective of this study was to investigate the effects of WBC 
on meat water-holding capacity (WHC) estimated with different methods. 
Broiler breast fillets deboned at 3 h postmortem were collected from a 
commercial plant and categorized as normal, moderate, or severe WBC 
based on the incidence and severity of diffuse hardened areas through-
out fillets and the degree of palpable rigidity. At 24 h postmortem, fillets 
were either cooked or frozen in a -20oC freezer. Thaw loss was determined 
based on the differences in fillet weights pre-freezing and post-thawing 
after the frozen samples were placed in a 4oC cooler for 24 h. Both fresh 
and frozen-thawed fillets were cooked to an endpoint temperature of 78oC 
and cook loss was measured based on fillet weight differences pre- and 
post-cooking. The entire experiment was repeated three times on three 
separate days. Results showed that the average thaw loss of normal fillets 
(5.2%) was significantly greater (P < 0.05) than that of the fillets catego-
rized as either moderate (3.3%) or severe (3.9%) WBC, which did not 
differ from each other (P > 0.05). Regardless of meat freshness, cook loss 
of fillets with either moderate or severe WBC was significantly greater (P 
< 0.05) than that of normal samples. These results demonstrate that the 
effects of wooden breast condition on WHC vary with the methods used 
to measure meat WHC. Wooden breast condition increases cook loss of 
chicken breast fillets; however, it results in reduced thaw loss in frozen-
thawed broiler breast fillets. 

Key Words: Broiler breast meat, wooden breast condition, water-holding 
capacity, thaw loss, cook loss

M21 Comparison of objective texture measurements in raw and 
cooked wooden breast meat Brian Bowker*, Hong Zhuang, Debolina 
Chatterjee, Jordan Wiener USDA-ARS
Broiler breast meat exhibiting the wooden breast condition is character-
ized as having an abnormally hard or rigid texture. The efficacy of using 
objective texture measurements to characterize the texture attributes of 
breast meat exhibiting this condition before and after cooking are not well 
understood. The objective of this study was to determine the effects of 
the wooden breast condition on texture measurements of broiler breast 
fillets both before and after cooking. Broiler breast fillets deboned at 3 
h postmortem were collected from a commercial processing plant and 
categorized based on the degree of the wooden breast condition (normal, 
moderate, or severe). The texture attributes of each fillet were measured 
using either the blunt blade (BMORS) or sharpened blade (MORS) ver-
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sions of the Meullenet-Owens razor shear test. Both peak shear force (N) 
and total shear energy (N × mm) were measured. Each fillet was sheared 
in 7-8 locations both before and after cooking to an endpoint temperature 
of 78°C. In raw fillets, both BMORS and MORS values increased with the 
severity of the wooden breast condition (P < 0.01). After cooking, how-
ever, BMORS values were similar between wooden breast categories, but 
MORS values were greater (P < 0.001) in moderate and severe wooden 
breast samples compared to normal fillets. For all fillets, regardless of the 
wooden breast score, MORS values were greater (P < 0.0001) follow-
ing cooking compared to pre-cooked (raw) measurements. With BMORS 
measurements, however, cooking increased the shear values in normal 
samples but decreased the shear values in severe wooden breast fillets. 
For both the BMORS and MORS measurements, the peak shear force and 
total shear energy values followed similar trends with regards to the ef-
fects of cooking and the wooden breast condition. Results from this study 
demonstrate that the wooden breast condition adversely influences meat 
texture in the raw fillets, but suggest that the ability to objectively detect 
texture differences in cooked breast meat is strongly dependent upon the 
technique used. 

Key Words: breast meat, broiler, meat quality, texture, wooden breast

M22 Can acceptable quality angel food cakes be made using 
pasteurized shell eggs? The effects of processing factors on functional 
properties of angel food cakes. Ajaypal Singh, David Geveke* United 
States Department of Agriculture
Due to recent incidences of avian flu and Salmonella contamination, the 
market for pasteurized shell eggs is rapidly growing. One objection to us-
ing pasteurized shell eggs is the belief that they will produce unaccept-
able angel food cakes. In the present study, shell eggs were pasteurized 
using a hot water immersion process (56.7 °C for 60 min) and angel food 
cakes were made from the pasteurized egg white (PEW) as well as from 
unpasteurized raw egg white (REW) for comparison. Angel food cake me-
ringues were made using three different mixer speeds (6 - low, 9 - medium 
and 12 - high mixer speed settings) and three different durations for each 
speed. When the same processing factors for REW were used for PEW, 
a very soft meringue was formed. Increasing the mixing time for PEW 
by 33% or more at speed 12 was required for the formation of a hard 
meringue which is required for acceptable angel food cake. Functional 
qualities like egg and meringue foaming were evaluated and correlated 
to angel food cake characteristics. Angel food cakes were compared in 
terms of cake volume, cake structure, texture profile and color. Higher 
egg foam volume led to higher meringue volume and correspondingly to a 
better angel food cake. The angel food cake prepared from PEW had a 10-
15% smaller volume than the cake prepared from REW; although, REW 
made a darker colored cake than PEW. Texture profile analyses showed 
that angel food cakes made from PEW were 10% more firm and 20% less 
adhesive than those from REW. Color analyses showed that there were 
significant differences in the crust color of cake between those made from 
REW and PEW; although, there was no significant change in the crumb 
color. It can be concluded that modifying the mixing conditions for PEW 
results in angel food cakes with excellent quality, thus overcoming an ob-
jection to using safer pasteurized shell eggs.

Key Words: Angel food cake, Foaming properties, cake meringue, 
Pasteurized eggs, Mixing

M23 Recovery of consciousness in broilers following combined DC 
and AC stunning Dianna Bourassa*1, Brian Bowker2, R. Buhr1 1USDA-
ARS, U.S. National Poultry Research Center, Poultry Microbiological 
Safety and Processing Research Unit; 2USDA-ARS, U.S. National Poultry 
Research Center, Quality and Safety Assessment Research Unit
Broilers in the United States are typically electrically stunned using low 
voltage-high frequency (12-38V, ≥400Hz) DC or AC water bath stunners 
and in the European Union broilers are electrocuted using high voltage-
low frequency (50-150V, 50-350Hz) AC. DC stunned broilers regain con-

sciousness in the absence of exsanguination and AC stunned broilers die 
due to cardiac fibrillation. Questions regarding the status of conscious-
ness of stunned broilers during exsanguination using US DC systems have 
been raised. This work evaluated an alternative stunning method adding 
an AC stun after DC stun and recovery of consciousness was determined. 
On two processing days, 85 individual broilers (1,950 g) and 120 broilers 
in groups of 5 were divided into 4 treatment stun groups: 15V DC+100V 
AC, 25V DC+100V AC, 15V DC+120V AC, and 25V DC+120V AC. 
For each treatment, shackled broilers were stunned with DC for 10 s in a 
water bath brine stunner immediately followed by AC for 5 s on a stunning 
plate. During stunning, maximum mA for both DC and AC stuns were re-
corded. Following stunning broilers remained shackled for 2 min at which 
time the ability to recover consciousness was assessed. When broilers did 
not recover, deep breast muscle pH was measured. Individual broilers DC 
stunned at 15V or 25V averaged 19 mA or 35 mA, respectively. During 
AC stunning at 100V or 120V the currents recorded were 101 mA or 133 
mA, respectively. When broilers were stunned individually only 4 of 85 
broilers were able to recover consciousness (2 at 25V DC+100V AC, 1 
at 15V DC+120V AC, and 1 at 25V DC+120V AC). However, for 3 of 
the 4 broilers that recovered the mA recorded during the AC stun was 
only 43-51% of the average mA recorded, indicating a possible issue with 
stunning plate contact. Only one broiler stunned at 25V DC+100V AC 
with mA within the standard deviation was able to recover. When broilers 
were stunned in groups of 5, no broilers recovered in any of the treatment 
groups. No significant differences were detected in deep breast muscle pH 
(6.55 ± 0.19). These data indicate that stunning parameters combining DC 
and AC stunning may be a viable alternative to currently utilized proto-
cols. Further work assessing effects of the addition of AC stun on carcass 
and meat quality will be assessed.

Key Words: broiler, stunning, consciousness, direct current, alternating 
current

M24 Novel pod for chlorine dioxide generation and delivery to control 
aerobic bacteria on the inner surface of floor drains Mark Berrang*1, 
Mark Harrison2, Richard Meinersmann1 1USDA-Agricultural Research 
Service; 2University of Georgia
Floor drains in poultry processing and further processing plants are a har-
borage site for bacteria both free swimming and in biofilms. This popula-
tion can include Listeria monocytogenes which has been shown to have 
potential for airborne spreading from mishandled open drains. Chlorine 
dioxide (ClO2) is a proven antimicrobial agent with activity against a wide 
variety of bacteria. Recently, simple and cost effective onsite chlorine di-
oxide generation products in the form of a compact plastic pod containing 
chemical precursors for gaseous ClO2 have entered the market for clean-
ing and deodorization applications. The objective of this study was to test 
commercially available ClO2 pods as a means to sanitize floor drains. The 
inner surface of floor drains were sampled in two equal halves each half 
being 180o of the cross section along the entire vertical length. On each 
of two replicate sample days, half of the inner surface 5 floor drains were 
sampled prior to treatment with a sponge pre-moistened with DE neu-
tralizing broth. Each drain was treated by placing an activated pod face 
down into the drain and allowing 4 hours for ClO2 gas to settle through 
the pipe. Then, the second half of the inner surface of the pipe was sam-
pled. Fifty additional mL DE broth was added to each sponge which were 
stomached; serial dilutions were plated on plate count agar, incubated at 
35oC for 24 hours and resulting colonies counted. Colony numbers were 
log10 transformed and counts before and after treatment were compared by 
Student’s T-test. A mean of 6.5 log CFU/mL DE broth were detected per 
drain sample prior to application of the treatment, 0.5 log CFU/mL was 
detected after treatment (P < 0.01). No difference (P = 0.35) was noted 
between half pipe samples taken before and after the same time period in 
untreated control pipes. Pre-mixed ClO2 pods show potential as a means 
to sanitize floor drains. 

Key Words: Chlorine dioxide, floor drains, aerobic bacteria



Poult. Sci. 95(E-Suppl. 1)202

 ABSTRACTS OF PAPERS 9

M25 On-line pollution load control to lower chemical and energy 
costs of i-DAF as pre-treatment for slaughterhouse wastewater Hendrik 
Menkveld*1, Scott Christian2, Eddie Broeders1 1Nijhuis Water Technology 
BV; 2Nijhuis Water Technology Inc.
The TSS and COD concentration in wastewater during production hours 
at slaughterhouses varies throughout the day. In most cases, the chemical 
dosage for coagulation/flocculation and the amount of aeration for dis-
solved air floatation (DAF) is based on treatment of the maximum peak 
load of pollution during the day, which results in a higher chemical dos-
age and energy consumption than necessary. Using on-line pollution load 
control with i-DOSE based on flow, TOC and pH measurement the overall 
chemical usage and energy consumption can be reduced by 15-30% and 
15-25%, respectively. These reductions, considered to be significant, are 
provided by combining the new i-DOSE process control in combination 
with i-DAF as an optimized economic pre-treatment control that reduces 
the operational costs for wastewater treatment.

At two different meat processing plants, a fully automatic i-DOSE system 
was installed based on on-line flow measurement in combination with a 
new type of on-line TOC measurement. Based on these measurements the 
pollution load can be analysed and monitored continuously which allows 
real-time control over the chemicals required for optimal coagulation, 
neutralising and flocculation before the DAF unit.Additionally by deter-
mining the pollution load, the dry matter concentration of the produced 
sludge after DAF can be optimised and the amount of energy for aeration 
can be reduced.

Both installations have shown that with on-line pollution load control a 
reduction of FeCl3 (20%) and NaOH (40%) can be achieved. The energy 
consumption can also be reduced by 15-25 % depending on size of i-DAF 
system and the dry matter content can be increased depending on type 
of installed DAF system. The i-DOSE system provides improved DAF 
stability and also better effluent quality, because over dosage of chemicals 
is avoided. A side effect of on-line pollution load control is that it has 
been proven to be a very successful tool for good housekeeping within the 
production itself.

In the full paper and presentation an overview of the new I-DOSE concept 
will be provided and highlight the reduction in operation costs for slaugh-
terhouse wastewater (lower chemicals and energy consumption per m3 of 
wastewater and higher dry matter content). This will be done based on 
several pilot and full-scale installations were on-line pollution load mea-
surement has been tested and implemented successfully.

Key Words: on-line pollution load control, i-DAF, chemical reduction, 
energy reduction, wastewater

M26 Fat recovery from dissolved air flotation sludge for energy 
production Hendrik Menkveld*1, Nadine Boelee1, Scott Christian2 1Nijhuis 
Water Technology BV; 2Nijhuis Industries Inc.
Industrial wastewaters with high concentrations of oil and grease in the 
food and meat processing industry are often treated by dissolved air flota-
tion allowing for suitable discharge effluent quality and greatly reducing 
the pollutant load to municipal wastewater treatment plants. Typical waste-
waters containing high concentrations of oil and grease include slaughter-
house wastewater from poultry and cattle slaughterhouses and processing 
plants. Treatment with dissolved air floatation results in a waste sludge 
product that contains a high fat content. While currently often disposed, 
this fat can also be recovered as a valuable product. 

This proposed presentation will provide the audience with an overview of 
laboratory and full-scale applied research that investigates a novel treat-
ment technique for fat recovery of dissolved air flotation sludge. During 
laboratory-scale investigation, 71 percent of the fat was recovered from 
slaughterhouse dissolved air floatation sludge, meanwhile further optimi-
zation of the process should result in excess of 90 percent recovery. The 

separation of fat and solids was found to be an important step in the fat 
recovery process. 

A full-scale, a fat recovery system implemented at a bacon factory con-
firmed the potential of this novel treatment technique. The full-scale sys-
tem recovered 6 m3 fat per day on average. Moreover, by utilizing 3 m3/d 
of this fat for energy production, the factory was fully self-sufficient in 
energy. The return on investment was less than 1.5 year. These proposed 
presentation will provide the audience with an overview of fat recovery 
techniques and how best to utilize is recovered value stream.

Key Words: DAF Sludge, Slaughterhouse wastewater, Fat recovery, 
Energy production, Biodiesel

M27 Poultry System Simulation Model to evaluate water 
consumption and wastewater contamination levels Olga Kemenova*, 
Alexander Samoylov, Doug Britten Georgia Tech Research Institute
A poultry processing plant requires high quantities of potable water for its 
operation. It is estimated that a typical commercial broiler processing plant 
uses about 6.9 gallons of water per bird processed (GPB) on average, and 
for the most plants the water usage falls in the 5-10 GPB range. Further-
more, wastewater produced by Meat and Poultry Products (MPP) facilities 
contains sufficiently high concentrations of nutrients and contaminants 
that are harmful to human health and environment. The concentrations 
of nitrates and ammonia discharged by MPP industries have been shown 
to be toxic to aquatic life which contributes to the impairment of streams, 
rivers and lakes. The main objective of the present work is to deliver a 
modeling tool that would benefit researchers and managers in evaluating 
water usage at poultry processing plants. 

The developed Poultry System Simulation Model centers on evaluation 
of water consumption and wastewater contamination levels (before and 
after water treatment) by simulating the water use and subsequent water 
treatment processes. The model components that simulate the water us-
age at poultry processing plant represent generic processes that describe 
poultry processing work and water flow. Because in practice each poultry 
processing plant is unique, the developed model has been designed to be 
easily adjustable to represent a particular production layout. Using month-
ly chicken production as an input the present model calculates contami-
nants concentrations in wastewater flow such as total suspended solids 
(TSS), biochemical oxygen demand (BOD), fats, oil and grease (FOG), 
total kjeldahl nitrogen (TKN) and phosphorus. The implemented waste-
water module allows for all possible wastewater treatment components 
and mimics a general wastewater treatment facility. Depending on the 
needs of a particular facility and local requirements, the elements of the 
wastewater treatment system can be easily included to or excluded from 
the simulation process. The wastewater module accounts for all major pol-
lutants regulated by the U.S. EPA including BOD, TSS, TKN, FOG and 
phosphorus. The high level of customization allows users to evaluate de-
sign modifications in the production and water treatment processes before 
committing to actual building contracts and expenditures. 

The preliminary results obtained have demonstrated good predictive ca-
pabilities of the present Poultry System Simulation Model, however, more 
research is needed to evaluate and validate the model further. 

Key Words: modeling, water consumption, wastewater treatment
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M28 Performance and anticoccidial effects of Magni-Phi in coccidia-
vaccinated broilers Kenneth Bafundo*1, Greg Mathis2 1Phibro Animal 
Health Corp.; 2Southern Poultry Research, Inc.
Magni-Phi (Phibro Animal Health) is a triterpenoid saponin feed additive 
that has been shown to exert anticoccidial effects in broilers. A series of 
four floor pen studies was carried out to evaluate the efficacy and perfor-
mance responses of Magni-Phi (MP) when used in combination with a 
standard coccidiosis vaccination program. Trials 1 and 2 were designed to 
assess the effects of MP (0 and 250 ppm) in birds receiving CocciVac at 
hatching. Trial 3 was designed to determine the ideal period of use for MP 
in feeding programs with coccidia-vaccinated broilers: vaccinated birds 
without MP were compared to coccidial vaccinates receiving MP (250 
ppm) from either 0 to 18, 0 to 42 or 18 to 42 days of age. In Trial 4, MP 
(250 ppm) was compared to salinomycin (40 ppm) for its ability to affect 
performance and limit oocyst production in vaccinated birds during the 
18 to 35 day time period. In each trial, male Cobb chicks were spray vac-
cinated with CocciVac upon receipt from the hatchery, allowed to preen 
and then placed in floor pens containing used litter; 45 birds per pen were 
used. Treatments in every test were replicated eight times using random-
ized complete block designs; bird performance was measured at 18, 28 
and 42 days of age. In each study, fecal oocyst production (oocysts/gram 
of feces, OPG) was determined at days 18 and 28. In all trials significance 
was determined at P<0.05. Pooled results of trials 1 and 2 demonstrated 
that MP significantly improved adjusted FCR responses of birds vacci-
nated for coccidiosis at both 28 and 42 days. In addition, significant reduc-
tions in OPG were recorded in MP treatments. In Trial 3, administration of 
MP significantly improved feed conversion values at day 42 compared to 
vaccinated controls, and birds receiving MP throughout their lives showed 
better feed conversions than all other treatments. MP significantly reduced 
oocyst production at day 28. Data from Trial 4 indicated that MP was 
statistically equivalent to salinomycin in performance variables at days 
35 and 42, but provided significant reductions in OPG compared to the 
vaccine with salinomycin. Overall, these tests demonstrated that MP can 
complement the use of a live coccidiosis vaccine by providing significant 
improvements in feed conversion and significant reductions in number of 
oocysts shed during critical periods of the growth cycle. 

Key Words: Magni-Phi, Triterpenoid Saponin, Coccidiosis vaccine, 
Coccidiosis control

M29 Evaluation of dietary EnteroBac™ in broilers challenged with 
Eimeria maxima and Clostridium perfringens John Schleifer*1, T. 
Lohrmann1, G. Mathis2, B. Lumpkins2 1Quality Technology International, 
Inc.; 2Southern Poultry Research, Inc.
Necrotic enteritis (NE) in commercial broilers most often occurs between 
the ages of 14 to 30 days-of-age and is caused by Clostridium perfringens. 
An Eimeria maxima infection is commonly cited as a predisposing factor 
for NE as it results in primary damage to the intestinal mucosa. Poultry 
producers are increasingly limiting or eliminating the use of antibiotics in 
the control of NE. Alternative products to control NE infections are being 
investigated. The objective of this study is to examine the effectiveness of 
EnteroBacTM, a proprietary blend of GRAS products against an NE chal-
lenge. A constituent component of EnteroBacTM is Calsporin® (Bacillus 
subtilis C-3102) direct fed microbial. The effectiveness of EnteroBacTM 
was compared to a non-treated control group and one that received thera-
peutic levels of Stafac®. Significant (P<0.05) reductions in mortality and 
lesion scores were attained with EnteroBacTM against an NE challenge 
compared to the non-treated/infected group. A significant (P<0.05) reduc-
tion in lesion score was also attained for the treatment group receiving 
EnteroBacTM compared to the group fed the Stafac® diets. The results 
indicate that the EnteroBacTM treatment was statistically similar to thera-
peutic levels of Stafac® in regard to reducing mortality and production 
influences. The NE challenge model in this trial resulted in disease repro-

duction that compares with field reports. In this trial, the EnteroBacTM 
and Stafac® treatments reduced the disease severity of NE and its adverse 
effect on production parameters.

Key Words: Necrotic enteritis, EnteroBac, DFM, Bacillus, Calsporin

M30 Necrotic enteritis: Important role of intestinal immunity to 
Clostridium perfringens in pathogenesis and antibiotic alternative 
strategies to reduce the gut damage. Hyun S Lillehoj*, Sungtaek Oh 
USDA-ARS
The human population is projected to grow to 9-10 billion by the year 
2050. As a consequence of the population explosion, food animal produc-
tion must confront a new array of challenges including global food secu-
rity, regulatory ban of antimicrobials, climate change, emerging infectious 
diseases, high-density production conditions and waste management. 
Necrotic enteritis (NE) is an economically important intestinal infectious 
disease caused by Clostridium perfringens bacterium under conditions 
favoring in vivo bacterial proliferation. The true global economic impact 
for NE is now estimated to be US$ 6 billion per year in 2015 according 
to a latest poultry industry source. Several exotoxins that C. perfringens 
produce disrupt the intestinal epithelium causing necrotizing lesions that 
are the characteristic sign of NE. Better understanding of the potential 
impacts of immunosuppressive infections and changing poultry rearing 
practices on NE is needed to develop effective management strategies 
against NE. In this regard, better understanding of host-pathogen, as well 
as pathogen-pathogen (Clostridium-Eimeria) interactions in NE will facil-
itate the development of antibiotic alternative strategies against NE. This 
talk will review the complexity of host immunology and genetics, and the 
development of antibiotic alternative strategies to reduce NE-associated 
economic losses.

Key Words: Necrotic enteritis, Clostridium perfringens, antimicrobials

M31 Effects of dietary antibiotic growth promoters on various aspects 
of host responses to Necrotic enteritis in broiler chickens Sungtaek 
Oh*1, G Donald Ritter2, Hyun S Lillehoj1 1USDA-ARS; 2Mountaire Farms
There is an increased interest in restricting the use of antibiotic growth 
promoters (AGPs) in animal agriculture. In order to better understand the 
mechanisms of AGPs in poultry, we carried out series of in vivo stud-
ies to investigate various aspects of host responses to AGPs in normal 
and necrotic enteritis (NE)-afflicted chickens. Antibiotic growth promot-
ers used in this study were virginiamycin (VM) and bacitracin methylene 
disalicylate (BMD). Total one-hundred forty 1-d-old male broiler chicks 
were randomly divided into 4 experimental groups: (1) uninfected and 
untreated control; (2) NE infection; (3) NE infection with VM (5.51 ppm); 
(4) NE infection with BMD (5.51 ppm). At 14 days of age, birds were 
orally infected with 1 x 104 oocysts of E. maxima followed by C. per-
fringens infection (1 x 109 CFU/bird) at 18 days of age to induce NE. 
Parameters kinetically monitored included: (1) daily body weights; (2) gut 
lesions; (3) serum levels of C. perfringens α-toxin and NetB-toxin; (4) 
intestinal morphology; (5) anti-oxidant and innate immunity biomarkers. 
After C. perfringens infection, all groups showed body weight loss ac-
companied by typical NE lesions. NE-afflicted chickens fed the dietary 
AGPs showed increased body weights and reduced gut lesions compared 
with NE-infected birds on the control diet at 6 day post NE infection. Mor-
phological studies showed that the jejunum and ileum crypt depth and villi 
heights were decreased following E. maxima and C. perfringens infection. 
Anti-oxidant levels were decreased in NE-afflicted group compared with 
un-infected and AGP-alone groups. Findings on changes in innate immu-
nity and growth-related biomarkers are being assessed to obtain enhanced 
insights into the AGP mechanisms

Key Words: antibiotic growth promoters, necrotic enteritis
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M32 Performance and reduction of Necrotic Enteritis of broiler 
chickens fed Sangrovit® Greg Mathis*1, Charles Hofacre2, Brett 
Lumpkins1 1Southern Poultry Research, Inc.; 2The University of Georgia, 
PDRC
The objective of this study was to determine the benefit of feeding San-
grovit® G Premix to broilers by improving performance and reducing 
Necrotic Enteritis (NE) in Clostridium perfringens dosed chickens. San-
grovit is a standardized blend of plant alkaloids with active ingredients 
from the group of isoquinoline alkaloids. A randomized block design with 
8 replications of 8 birds per cage was used. The treatments were T1 non-
medicated (NM) non-challenged (NMU), T2 NM challenged (NMI), T3 
Sangrovit (SAN) 60g/t (SL), T4 120 g/t (SM), and T5 180 g/t (SH), T6 
BMD 30g/t (BMD), T7 SL + BMD, T8 Organic Acid blend (OA), T9 
SL+OA, T10 Probiotic (Pro), T11 SL + Pro. Chicks were placed at day of 
hatch (d0). Treatments were fed ad libitum (d0-28). On D14, all birds were 
challenged with E. maxima (5,000 oocysts/ bird), and on d18, 19, and 20 
all birds, except T1 were challenged with Clostridium perfringens (1 X 
10^8 cfu/bird). On d21, three birds per cage were scored for NE lesions 
(scoring 0-3). For ease of interpretation, the SAN dose treatments T1-T5 
were analyzed together. The single and combined treatments T1, T2 and 
T7-11 were analyzed together. For the dose comparisons, an improvement 
(p<0.05) in FCR and BWG was observed at d0-21, 14-21 (challenge pe-
riod), and 14-28 for all treatments compared to NMI. However, during 
d14-21 BWG in birds fed the SL treatment were not significantly differ-
ent to the NMI fed birds. The percent NE mortality for NM was 28% 
and significantly lower with all levels of Sangrovit (SL 13%, SM, 11% 
and SH 13%). For the combination comparisons, a significant improve-
ment in FCR and BWG were observed at d0-21, 14-21, and 14-28 for all 
treatments. No statistical differences were observed in FCR and BWG 
for the Probiotic treatment alone compared to the NMI birds at d14-21. 
The percent NE mortality for NM was 28% and was significantly lower 
in all combinations (SL+BMD 11%, SL+ OA 16%, an SL+ Pro 13%). 
OA alone did not significantly reduce NE mortality. The benefits of feed-
ing Sangrovit alone or in combination with other varying animal health 
products was demonstrated by the improvements in live performance and 
the reduction in NE.

Key Words: Necrotic Enteritis, Sangrovit, Coccidia, Clostridium, 
Alkaloid

M33 Salmonella Gallinarum and Gallibacterium anatis causing 
multibacterial disease in commercial laying hens Martha Pulido-
Landinez*, Alejandro Banda Mississippi State University
Salmonella Gallinarum (S. Gallinarum) is a cause of fowl typhoid (FT), 
a severe disease of poultry, observed mainly in brown egg layers. Many 
predisposing and persistence factors have been evaluated in commercial 
flocks of some Latin American countries. SG has been isolated mainly 
from organs of sick birds, such as liver, spleen, bone marrow, and ovary 
follicles, and in some cases, Gallibacterium anatis (G. anatis) has been 
co-isolated from trachea, lungs, ovary follicles, and oviduct. In the houses 
affected by both agents, the mortality and drops in egg production have 
been more severe than in those flocks with no G. anatis isolation. Addi-
tionally, to the traditional signs observed in FT, there is more presence of 
respiratory problems in flocks affected with G. Anatis. 
The sensitivity test results for both agents showed they are multiresistant, 
being S. Gallinarum resistant to quinolones, fosfomicin and florfenicol, 
and susceptible to trim/sulfa, and tetraciclines; on the other hand G. anatis 
showed susceptibility to fosfomicin and florfenicol and resistant to quino-
lones, trim/sulfa, and tetraciclines. 

The factors identified as common on affected farms include poor hous-
ing conditions with chicken houses very close each other (less than 15 
meters), young hens (19-30 weeks of age) housed in proximity to old hens 
(older than 70 weeks of age), and the presence of cattle. 

When S. Gallinarum is present on one farm, the multibacterial disease 
causes more severe clinical symptoms. G. anatis is often considered nor-
mal inhabitants of the respiratory and reproductive tracts, however, this 
bacterium may contribute to the occurrence and persistence of S. Gallina-
rum.

Key Words: Salmonella Gallinarum, Fowl typhoid, Gallibacterium 
anatis, Commercial layers

M34 The effect of oral administration of Salmonella entericia serovar 
Enteritidis on the immune response, growth, and feed utilization of 
immunoglobulin knockout chickens Kevin Bolek*GS, Kirk Klasing 
University of California, Davis
An experiment was conducted to determine the growth performance and 
immune response in immunoglobulin knockout (KO) chickens homo-
zygous for a knockout in the JH segment of the immunoglobulin heavy 
chain to oral infection with Salmonella entericia serovar Enteritidis (SE). 
A 2 x 2 factorial arrangement was utilized, with genotype (KO or hetero-
zygote) and infection status (oral gavage with SE or sham gavage with 
PBS) designated as factors. 23 KO chickens and 26 immunocompetent 
heterozygotes were placed in individual cages at 21 days of ages of age. 
At 28 days of age, 11 heterozygotes and 12 KO birds were orally gavaged 
with 1 X108 CFU of SE suspended in 1 mL of PBS; controls were gavaged 
with 1 mL of PBS. Feed intake and body weight gain was measured from 
28-43 days of age. Blood was collected at 8 and 16 days post-inoculation 
to measure immunological parameters. No significant differences in feed 
intake or growth performance were observed. Previous data has shown 
that KO chickens have a higher body weight gain from 35-43 days of age 
when vaccinated with keyhole limpet hemocyanin (Bolek and Klasing, 
unpublished data). However, in this case, the nature of the challenge or 
level of infection may have been insufficient to cause changes in growth 
performance. An interaction occurred in unchalleneged KO chickens dis-
played higher levels of circulating alpha-1-acid glycoprotein at 8 days post 
challenge compared to all other groups. This suggests that the infection 
may have been resolved within 8 days in both genotypes. However, the 
higher concentrations of alpha-1-acid glycoprotein in unchallenged KO 
chickens may have been due to a persistent inflammatory state, perhaps re-
lated to other commensal microorganisms present in the GI tract. Further 
work must be conducted to determine changes in leukocyte populations, 
circulating cytokine levels, as well as other immunological parameters to 
further elucidate the role B cells and antibodies in controlling infection 
by SE.

Key Words: knockout, immunoglobulin, Salmonella, heterozygote, 
alpha-1-acid glycoprotein

M35 Effects of replacement antibiotics with botanical extracts and 
their oils in feed on laying hens performance and Salmonella, E. coli 
and total bacterial count in feces Abdullah Tahir*GS1, Abid Hasnain1, 
Shahid Waheed1, Omer Tarar2, Zahra Yaqeen2, Tehmina Sohail2 1University 
of Karachi; 2Pakistan council of scientific and industrial research
The aim of the present study was to investigate the effect of Botanical 
Extracts and Essential oils on performance of laying hens and total bac-
terial count, E. coli and salmonella presence in feces. One hundred and 
twelve, 40 weeks old, white Novagin laying hens (1480+50) grams each 
were randomly assigned to seven groups equally (n = 16). Each treatment 
(group) was replicated four times of four birds per replicate. Experimental 
diets were prepared by adding A: positive control, antibiotic lincomysin 
4.4%, 120mg/kg of feed, antioxidant seldox ( BHA, BHT, ethoxiquine 
and citric acid) 120mg/kg of feed, acetic acid 99.5% pure 0.15ml/kg of 
feed), B: negative control (N.C) , no antibiotic, antioxidant and acetic acid, 
C: N.C + black tea polyphenolic extract 1ml/kg of feed, D: N.C + black 
cumin seed polyphenolic extract 1ml/kg of feed, E: N.C + fenugreek seed 
polyphenolic extract 1ml/kg of feed, F: N.C + black cumin seed oil 1ml/
kg of feed, and G: N.C + fenugreek seed oil 1ml/kg of feed. 
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As a result of this study, weekly egg production percentage of treatment 
A is significantly higher than B (P<0.05) but treatments A, C, D, E, F and 
G has no significant difference between each other (P>0.05). On the other 
hand Total bacterial count significantly reduced with increasing age in all 
treatments except negative control but there is no significant difference 
between treatments when compared for presence of salmonella and E. 
coli (P>0.05) in feces.

Key Words: E. coli, Egg production, Laying hen, Salmonella

M36 Predicting ascites incidence in simulated altitude-challenge 
using single nucleotide polymorphisms identified in multi-generational 
genome wide association studies Katy Tarrant*GS1, Alex Gilley1, Ashlee 
Lund2, Janet Fulton2, Nicholas Anthony1, Douglas Rhoads1 1University of 
Arkansas; 2Hy-Line International
Challenging selected lines to induce ascites in an industry setting is time 
consuming and lacks high genetic accuracy especially when sib selection 
is required. The aim of this study is to evaluate the use of SNPs to pre-
dict ascites incidence. Ascites is the end product of adverse changes in 
a broiler chicken resulting in cardiac hypertrophy and failure. Losses to 
the poultry industry have been estimated at $10 million/year world-wide. 
Researchers at the University of Arkansas have developed research lines 
divergently selected for ascites incidence (RES and SUS) from an elite 
pedigreed broiler line and maintain those lines along with an unselected 
control (REL) representing the founder population. A multi-generational 
genome wide association study in the REL line identified chromosomal 
regions associated with ascites based on ascites phenotypes using high 
altitude challenge. The area around 60Mbp on chromosome Z was found 
to be associated with male broiler ascites. Six SNPs selected from this 
region, spanning approximately 380,000 nucleotides, were used to evalu-
ate this area as a predictor for ascites incidence. Phenotype and genotype 
data were collected for 353 individuals. Using a nominal logistic regres-
sion a model was developed to classify male individuals as RES or SUS 
with a misclassification (MC) rate of 0.18 and an area under the curve 
value (AUC) of 0.86 (P<0.001). To assess the possibility of genetic drift 
contributing to SNP frequency differences between the two selected lines 
we evaluated this collection of SNPs as predictors of ascites incidence 
regardless of the line. The resulting logistic regression showed a simi-
lar ranking in predictive SNPs with a MC rate of 0.21 and AUC of 0.84 
(P<0.001). This reveals that ascites incidence is being affected by the set 
of SNPs, rather than line influencing the set of SNPs. As expected, the 
female models evaluated indicate these SNPs are less informative in line 
prediction (MC rate = 0.28) and in ascites phenotype prediction (MC rate 
= 0.29; P<0.001). Elucidating the genetic predictors to ascites requires 
further investigation for developing a prognostic method useful in selec-
tion practices.

Key Words: Ascites, Broilers, GWAS, SNP

M37 Effect of Aflatoxin B1 on gut permeability (leaky gut) in broiler 
chickens. Rosario Galarza-Seeber*GS, Juan Latorre, Amanda Wolfenden, 
Billy Hargis, Guillermo Tellez University of Arkansas
We have previously shown that intestinal barrier function can be adversely 
affected by poorly digested diets or feed restriction, resulting in increased 
intestinal inflammation-associated permeability. Two experiments were 
conducted in broilers to evaluate the effect of 3 concentrations of Afla-
toxin B1 (AFB1; 2, 1.5 or 1 ppm) on systemic fluorescein isothiocyanate-
dextran (FITC-D; 3–5 kDa) levels, indicators of increased gut epithelial 
leakage and liver bacterial translocation (BT). In Exp 1, 240 day-of-hatch 
male broilers were allocated randomly in two groups, each group had 6 
replicates of 20 chickens (n = 120/group): Control feed or control feed 
+ 2 ppm AFB1. In Exp 2, 240 day-of-hatch male broilers were allocated 
randomly in three groups, each group had 5 replicates of 16 chickens (n 
= 80/group): Control feed; control feed + 1 ppm AFB1; or control feed + 
1.5 ppm AFB1. In both experiments, chickens were fed starter or grower 
diet (d7-d21) ad libitum until the end of the trial at day 21. In both ex-

periments, all chicks received an oral gavage of FITC-d (4.16 mg/kg) 
2.5h before collecting blood samples to evaluate passage of FITC-d. Liver 
sections were aseptically collected to determine BT on TSA plates. Ce-
cal contents were collected to determine total CFU/g of Gram negative 
bacteria; lactic acid bacteria (LAB) or anaerobes by plating on selective 
media. Gut leakage of FITC-d was not affected by the 3 concentrations 
of AFB1 evaluated (P>0.05). Interestingly, a significant reduction in BT 
was observed in chickens that received 2 and 1 ppm, while 1.5 showed 
only a numerical reduction in BT when compared with control chickens. 
An increase (P<0.05) in total aerobic bacteria, total Gram negative, and 
total LAB were observed in chickens fed 2 and 1.5 ppm of AFB1 when 
compared with control and 1 ppm chickens. The integrity of epithelial gut 
barrier was not compromised after exposure to the mycotoxin.

Key Words: Aflatoxin B1, DFM, broilers, performance, gut integrity

M38 Reducing gram negative pathogen challenge in laying hens and 
turkeys Ganapathi Raj Murugesan*1, Chasity Pender1, Attila Kovacs2, Luca 
Vandi2, Paola Massi3, Giovanni Tosi3 1BIOMIN America Inc.; 2BIOMIN 
Holding GmbH; 3Instituto Zooprofilattico Sperimentale della Lombardia e 
dell’Emilia Romagna “Bruno Ubertini”
Gram negative pathogens such as Salmonella enteritidis and Escherichia 
coli pose a greater threat to poultry production as well as human health, 
particularly with the increasing trend of antibiotic removal from poultry 
diets. Two experiments were conducted to evaluate the effects of a natu-
ral gowth promoter (NGP) on the reduction of Salmonella enteritidis and 
Escherichia coli, in White Leghorn chicks and turkey poults, respectively. 
The NGP (Biotronic® Top3, BIOMIN, Austria) used in both experiments 
consisted formic, propionic and acetic acids combined with cinnamalde-
hyde and a permeabilizing complex. For the 25-day long first experiment, 
60 day-old White Leghorn SPF chickens were randomly assigned to three 
groups of 20 chicks each and placed in poultry isolators. A negative control 
group received commercial broiler diet with no antibiotic (NC), the second 
group received NGP at 1 kg/MT of feed (NGP 1), while the third group 
received NGP at 2 kg/MT of feed (NGP 2). At 15 days of age, chicks were 
eye-drop inoculated with 105 CFU of S.enteritidis field strain 208876/201. 
At days post infection (dpi) five and 10, 10 chicks per group were eutha-
nized and cecal contents were collected for bacteriological analyses. The 
second experiment utilized 60 day-old BUT female turkey poults, which 
were randomly assigned to three groups of 20 poults each. A negative con-
trol group (NC) received commercial diet with no antibiotic, the positive 
control group (PC) received an antibiotic growth promoter (Enrofloxacin), 
and the third group received NGP at 2 kg/MT of feed (NGP). At 10 days of 
age, all the poults were challenged with 1.38x108 CFU/mL of E.coli O78. 
Intestinal samples were collected from euthanized poults on 10 and 20 dpi 
to determine the counts of E.coli. In experiment 1, both NGP groups had 
significantly (P < 0.05) reduced S.enteritidis counts in the cecal content of 
birds. The results of the NGP group showed a significant (P < 0.05) reduc-
tion of E. coli in experiment 2. These results indicate that the NGP used in 
these experiments could be a viable alternative to antibiotics in overcom-
ing the challenge of gram negative pathogens such as S.enteritidis and 
E.coli, leading to improved gut health and performance.

Key Words: Salmonella, E.coli, Permeabilizing complex, 
Cinnamaldehyde, Acid

M39 Evaluation 3-Nitrophenylboranic acid and metal toxicity on 
Histomonas meleagridis in-vitro Caitlin Harris*GS, Miguel Barrios, Anna 
Kenyon, Robert Beckstead University of Georgia
Histomonas meleagridis is the causative agent of Blackhead disease.
Histostat, the only commercial preventative for Blackhead disease, is 
being removed from the market January 1, 2016. Because of this, it is 
imperative to find other preventatives. Histostat contains Nitarsone (4-Ni-
trophenylarsonic acid) and we hypothesized that a similar compound 
containing boron in place of arsenic could have a similar inhibitory ef-
fect on H. meleagridis growth. Two experiments were conducted using a 
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combination of metals and either Nitarsone or 3-Nitrophenylboronic acid 
(3-Nitro-B) as the treatments. The objective was to determine if 3-Nitro-B 
in combination with metal could be used to inhibit H. meleagridis growth 
in-vitro. For both experiments, 84 flasks containing 10 mL of Dwyer’s me-
dia were inoculated with 100,000 H. meleagridis cells per flask. Each flask 
represented a replication and three replications were used per treatment. 
After inoculation, flasks were incubated (42°C) for 24 h. Four metals were 
used for both screens: CdSO4 (20, 10, 5, 2.5, 1.25, and 0.625 ppm), NiSO4 
(500, 250, 125, 62.5, 31.5, and 15.2 ppm), ZnSO4 (4000, 2000, 1000, 
500, 250, and 125 ppm), and CuSO4 (676, 338, 169, 84.5, 42.25, and 21.1 
ppm). The control consisted of flasks given a sham treatment. To make the 
complete treatments, either Nitarsone (100ppm) or 3-Nitro-B (200ppm) 
were added to the stock metal solutions. Treatments were added to flasks 
and incubated (42°C). For the Nitarsone experiment, cells were counted 
with a hemocytometer after 8 and 48 h and for the 3-Nitro-B experiment, 
cells were counted with a hemocytometer after 8 and 24 h. At 8 h of the 
Nitarsone experiment, all treatments performed similar to the control ex-
cept for the Cu (676 and 338 ppm), which had a significant decrease in cell 
numbers (P<0.05). At 48 h, Nitarsone with Zn (4000 and 2000 ppm) or 
Cu (676 and 338 ppm) also significantly decreased cell counts (P<0.05). 
For the experiment using 3-Nitro-B at 8 h, treatments performed similar 
to the control except for Cu (676, 338, and 169 ppm) which had a sig-
nificant decrease in cell counts (P<0.05). For 24 h, 3-Nitro-B and Ni (500 
and 250 ppm), Zn (4000, 2000, and 1000 ppm), or Cu (676 and 338ppm) 
had a significant reduction of cell counts (P<0.05). Compared to previous 
experiments testing Nitarsone and 3-Nitro-B alone, the addition of met-
als to 3-Nitro-B enhanced its inhibitory effect on H. meleagridis. From 
both experiments, it was determined that 3-Nitro-B in combination with 
Cu, Zn, or Ni can be used as treatments to decrease H. meleagridis cell 
counts in-vitro.  Further experimentation will include testing additional 
treatments in-vitro and performing in-vivo trials using turkeys.

Key Words: turkey, in-vitro, Blackhead disease

M40 Prevalence of white striping in broilers from difference genetics 
Tamara Ferreira*UG, Felipe Schuck, Guiomar Bergmann, Sérgio Vieira, 
Vladimir Nascimento, Liris Kindlein Federal University of Rio Grande do 
Sul
White striping (WS) is an alteration of the major breast muscles of broiler 
chickens. The condition presents white striations in parallel to the direction 
of the muscle fibres. A study was conducted to evaluate the occurrence of 
white striping under commercial conditions with birds processed at 22, 
44 and 48 d of age. A total of 600 broilers breast fillets from males of the 
genetics A and B were randomly obtained from a commercial processing 

plant at the 3 ages cited above and classified according to the intensity of 
white striping into normal (NORM), moderate (MOD) and severe (SEV). 
The prevalence of WS was analysed using Chi-square analysis with ad-
justed residual. Individual birds were considered as the experimental unit 
for this analysis. At 22 d of age, 99.5% broilers breast fillets were classi-
fied as NORM. On the other hand, at 44 d of age, there was significant 
difference between the MOD breast fillets in strain A (70%) and B (75%) 
fillets, compared to NORM (A 27%; B 23%) and SEV (A 3% and B 2%) 
degrees. However, at 48 d of age, there was significant difference to MOD 
(57%) and SEV (37%) to A and only for MOD (79%) to B fillets. These 
results suggest that the degree of WS increased according to age of slaugh-
tering and A birds tends to have a higher prevalence of SEV degrees at 48 
d of age comparing to B birds.

Key Words: broiler breast fillets, genetics, myopathy, white striping

M41 Morphometric changes in the breast muscle of broilers with the 
wooden breast condition Letícia Gross*UG, Renata Sesterhenn, Tamara 
Ferreira, Sérgio Vieira, Guiomar Bergmann, Liris Kindlein Federal 
University of Rio Grande do Sul
This study aimed analyze the histomorphometric characteristics of the 
Pectoralis major muscle on male Cobb 500 (3.2 kg live weight) broiler 
breast fillets slaughtered at 42-day-old with wooden breast (WB). Pecto-
ralis major muscles appearing pale expansive and with areas of substan-
tial hardness accompanied with white striation have been popularly called 
as wooden breast. Breast fillets randomly obtained from a processing plant 
were grouped into two classes: normal (NORM-n = 10) and WB (n = 10). 
Dimensional morphometric analysis (muscle fiber diameter and density) 
as well as 3-D (partial volume of muscle tissue) were conducted using 
hematoxylin-eosin and Masson’s Trichrome. All data were statistically 
analyzed using Student’s t-test at a significance of P< 0.05. Fiber diameter 
of muscle tissue (µm) as well as density (fibers/cm2) showed that WB had 
increased fiber diameter (22.2 ± 5.12) and lower density (250.86 ± 57.6) 
when compared to NORM ones (19.5 ± 2.50 and 329.4 ± 66.0, respective-
ly). The partial volume of muscle tissue (Vvm, %) showed that WB had 
lower mean muscle tissue (41.0 ± 7.35) when compared to NORM ones 
(57.8 ± 10.2). Connective tissue proportion (Vvc,%) was increased in WB 
(10.7 ± 5.29) when compared to NORM (5.8 ± 4.71). Breast muscle fibers 
with the WB condition showed to be hypertrophic, which is probably re-
lated to reduced tenderness. It was also found an increase in the proportion 
of connective tissue, appearing that a replacement of the muscle fibers by 
connective tissue occurred.

Key Words: broiler, miopathy, pectoralis major, poultry, wooden breast

SCAD I
M42 Performance of an Automated Whole-House Vaccination 
System Joseph Purswell*, Scott Branton USDA-ARS Poultry Research 
Unit
Currently used spray vaccination methods for floor reared poultry are typi-
cally ineffective in providing sufficient protection for the vast majority 
of birds in a flock, with seroconversion rates less than 20% reported in 
the literature. A recently developed whole-house vaccination system that 
does not require human workers to enter the house to apply the vaccine 
was evaluated in a commercial pullet house. A paired-house trial was con-
ducted on three flocks to compare the performance of the automated sys-
tem against a three-man vaccination crew with backpack sprayers using 
a combination infectious bronchitis (IBV) and Newcastle disease (NDV) 
vaccine. Results showed that geometric mean titers for both IBV and NDV 
when using the automated system were increased over the vaccination 
crew. Seroconversion rates for the automated system were greater than 
70% and ranged from 15% to 20% for the vaccination crew. Whole-house 
vaccination provides an advantage in degree of protection, increased pro-

tection rate for the flock population, and improved biosecurity by limiting 
entry into the house.

Key Words: biosecurity, disease prevention

M43 Tissue and blood leukocyte responses to intradermal injection 
of bacterial cell wall products in chickens Kristen Byrne*GS, Gisela Erf 
University of Arkansas
The immunostimulatory effects of lipopolysaccharide (LPS) have been 
well studied in both avian and mammalian species; however, the in vivo 
effects of peptidoglycan (PGN) have not been described in poultry. The 
objective of this study was to use the pulp (dermis) of growing feathers 
(GF) as a test site to monitor leukocyte recruitment in response to LPS 
or PGN stimulation in the same chicken over a 24h or 7d time course, 
respectively. For these studies, GF of chickens (n=4 per treatment; 16 GF 
per chicken) were injected with 10 uL of the test material (1000, 100, 
or 10 ng of LPS per GF; 5000, 500, or 50 ng of PGN per GF) and 2 GF 
were plucked before-(0h) and at 2h, 4h, 8h, and 24h post-injection for LPS 
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and 4h, 8h, 1d, 2d, 3d, 5d, and 7d post-injection for PGN. At each time 
point, one GF was stored in RNAlater™ for gene expression analysis and 
the other GF was used for flow cytometric leukocyte population analy-
sis after immunofluorescent staining of pulp cell suspensions. Along with 
GF tissue, venous blood was collected at each time point and analyzed 
via automated hematology to determine blood leukocyte concentrations. 
Intradermal injection of LPS 100 and 1000 resulted in a drop in blood 
heterophil and monocyte concentrations within 2h and a return to normal 
by 24h. In GF, proportions (% pulp cells) of heterophils and macrophages 
reached maximum levels at 4 and 8h post injection (12.19 ± 1.06 LPS 
100 and 18.22 ± 2.16 LPS 1000), respectively. All three intradermal doses 
of PGN (50, 500, and 5000 ng/GF) showed similar recruitment patterns 
of heterophils, monocyte/macrophages, and lymphocytes, although there 
was a direct dose effect on the level of recruitment. While PGN-induced 
monocyte and heterophil recruitment into the blood and tissue was similar 
to that of LPS, the lymphocyte response was quite different. Unlike the 
LPS dermal injections, all three doses of PGN resulted in high (e.g. 4.77 
± 1.57 at 0h and 33.47 ± 2.77 at 3d for PGN 5000) and sustained levels 
of lymphocyte infiltration. These results show that LPS and PGN induce 
differing leukocyte recruitment responses in the chicken after intradermal 
injection. The observed differences are likely due to the pattern recogni-
tion mechanisms by which these bacterial cell wall products stimulate the 
immune system.

Key Words: LPS, PGN, intradermal injection, innate immunity, 
leukocyte recruitment

M44 The effectiveness of SRP vaccine to control Fowl Cholera in 
broiler breeder hens and Salmonella in their broiler offspring Charles 
Hofacre*1, Jim Sandstrom3, Samuel Christenberry2, Mark Burleson4, Roy 
Berghaus1 1The University of Georgia; 2Phibro Animal Health; 3Epitopix, 
LLC; 4Wayne Farms LLC
Statement: Breeders are injected with killed vaccines for P. multocida 
and Salmonella to protect the hens and also give antibodies to broilers. 
Nearly all commercially available vaccines are inactivated whole bacteria 
cells that have a LPS layer which contains endotoxin. The endotoxin is 
often the cause of the vaccine reaction following injection. Since the SRP 
vaccine contains very little endotoxin there is much less reaction after in-
jection. Design: A commercial broiler integrator vaccinated pullets with 
the same SRP vaccine for both Salmonella and Pasteurella multocida: 
Pasteurella Program: No vaccination, Live vaccine 12 weeks; commercial 
inactivated oil emulsion 21 weeks, Live vaccine 12 weeks; SRP 21 weeks, 
SRP at 12 and 21 weeks. Salmonella Program: No vaccination (live only 
at 1 day and 1 week), Inactivated commercial SE – 12 weeks, SRP at 21 
weeks only, SRP at 12 and 21 weeks. Cholera Challenge by I. M. injection 
of 3075 cfu/bird of Serotype 1, was performed when the hens were 30 
weeks of age. Salmonella heidelberg (3.6 x 104 cfu/chick) and S. enteriti-
dis (7.0 x 103 cfu/chick) were used to challenge day old chicks from the 
above vaccinated hens. Liver/spleens were cultured for prevalence and 
ceca were cultured for prevalence and enumeration (MPN) at 1 week post 
challenge for the SH and 1 and 2 weeks post challenge for the SE. Fowl 
Cholera Results: There was 100% mortality in the nonvaccinated hens 
with 50% in the live/commercial inactivated; 45% mortality in live/SRP 
and the 2 SRP vaccination had 86% mortality. It should also be noted that 
in all of the vaccination groups there was a delay in the mortality demon-
strating that even with an extreme challenge, immunity was sufficient to 
assist many hens attempting to clear the infection. Salmonella Results: 
For S. H. there was a numerical reduction in counts in the ceca for the 
broilers from twice SRP vaccinated hens but no statistically significant 
reduction by any of the vaccines over the broilers from unvaccinated hens. 
The S. E. challenge the result was very similar to the S. H. Overall, these 
studies demonstrated when commercial hens are vaccinated with an SRP 
vaccine it provided some immunity to both P. multocida and 2 different 
serovars of Salmonella.

Key Words: Fowl Cholera, Salmonella, Breeders, Maternal Antibodies

M45 Connecting the dots: novel statistical approaches toward 
Salmonella surveillance in live and processed poultry Maurice Pitesky* 
UC Davis School of Veterinary Medicine-Cooperative Extension
Salmonella contamination of grow-out poultry destined for human con-
sumption can occur from multiple sources in the broiler supply chain. 
Understanding specific on farm and processing risk factors that positively 
and negatively affect Salmonella prevalence at the processing plant is es-
sential toward mitigating risk. This paper describes the construction of 
multiple logistic regression models coupled with conditional decision tree 
and random forest (e.g. 100’s of conditional decision trees constructed us-
ing various combinations of the data) analyses tools designed to identify 
Salmonella risk. Specifically, random forest is used to identify significant 
variables followed by individual conditional decision trees and single lo-
gistic regression models of variables identified as significant via Random 
Forest. Results identified multiple variables including grow-out bootswab, 
litter run, and processing parameters (skin off, bone out) which were pre-
dictive of rehang and/or parts positive and negative. Random Forest and 
Conditional decision trees offer a novel approach toward risk analysis of 
multiple interventions in poultry production. In addition, the construction 
of easy to read conditional decision trees and correlation matrices allows 
producers greater ability to interpret complex statistical results. Using 
these models in parallel offers a comprehensive approach toward evaluat-
ing risk of Salmonella in live and processed chicken.

Key Words: Salmonella, novel statistical approaches, Conditional 
Decision Tree

M46 Effects of feeding Diamond V Original XPC on the virulence, 
antibiotic resistance, intestinal colonization, and fecal shedding of 
multiple antibiotic-resistant Salmonella typhimurium in broilers Steve 
Carlson*1, Kristi Anderson1, Mark Scott2, Donald Mcintyre2 1Iowa State 
University; 2Diamond V
This study was conducted to evaluate the anti-Salmonella effects of Dia-
mond V Original XPCTM (XPC) in broilers. Day-old Cobb 500 broilers 
(n=150) were randomly assigned to one of two treatment groups contain-
ing 25 birds per group on three occasions. Birds were fed a commercial 
starter from d 1 to 21 and were experimentally infected with an oral dose 
of 109 CFU of multi-resistant Salmonella typhimurium on d 2, 9, and 16. 
Salmonella fecal shedding was evaluated and enumerated on d 20 and 
non-shedding birds were removed from the study. Birds were re-assigned 
on d 21 to two groups (19-22 birds/group) based on body weight and were 
fed either a control diet (CON) or control diet with XPC added at 1.25 kg/
MT (XPC) for 28 days (d 21 to 49). Fecal Salmonella were enumerated 
and evaluated for antibiotic resistance on d 28, 35, and 42. All birds were 
euthanized on d 49 and their large intestine removed for Salmonella enu-
meration. Recovered Salmonella were subjected to antibiotic resistance 
and virulence assays. Statistical significance was evaluated using ANOVA 
with Tukey’s post hoc test for multiple comparisons. Birds fed XPC ex-
hibited: a 13% higher growth rate (not adjusted for feed intake) from d 21 
to 49 (400% vs. 364%; P=0.05); a 2.5- to 6.5-fold decrease in Salmonella 
shedding across all sample days (P=0.001); and, a 7.5-fold reduction in 
intestinal colonization of Salmonella on d 49 (3,562 vs. 29,023 CFU/g 
intestine, P=0.03). For XPC-fed birds, antibiotic resistance was decreased 
1.5 to 5-fold across all sample days (P=0.01), which coincided with a loss 
of the genomic element, SGI1, that conferred multi-resistance to the input 
Salmonella strain. The virulence of the intestinal Salmonella was reduced 
6-fold in XPC-fed birds when compared to birds fed CON (0.18% vs. 
1.08%; P=0.03), which correlated with a decreased expression of the Sal-
monella virulence gene, hilA. These results suggest that XPC can support 
food safety by decreasing Salmonella shedding, colonization, virulence, 
and antibiotic resistance.

Key Words: Salmonella, virulence, antibiotic resistance, broilers, XPC
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M47 Evaluation of spray application of the probiotic 1-GP on broiler 
performance following live coccidia oocyst vaccination Victoria 
Golden*UG1, Colton Hill1, Gil Dedrick2, Audrey Mcelroy1 1Texas A&M 
University; 2Life Products
With the increase in antibiotic free broiler production, alternatives are be-
ing investigated to improve intestinal integrity. Probiotics are one possible 
approach to maintaining intestinal health and broiler performance. The 
objective of this 49 day broiler growout was to determine the influence 
of a probiotic (1-GP) applied by spray post-pellet on broiler performance 
following coccidia vaccination. Seven hundred twenty Cobb male broilers 
were spray vaccinated with a coccidia vaccine (Advent) on day of hatch. 
Thirty chicks were placed into 24 pens (8 replicate pens/treatment) with 3 
dietary treatments including control (non-medicated/non-supplemented), 
control with BMD (50g/ton), and control with 1-GP (44g/ton). Broilers 
were weighed by pen on d0, d14, d35, and d49. Mean body weight (BW), 
BW gain (BWG), feed intake, and feed conversion ratio adjusted for mor-
tality were calculated for each feeding phase and cumulatively. Significant 
differences are reported at P<0.05. Differences in BW were observed on 
d14, d35 and d49 with corresponding differences in BWG for the periods 
of d0-14, 14-35 and cumulatively (0-49d). On d14 and d35, birds fed diets 
with BMD or 1-GP had significantly heavier BW than birds on the control 
diet, and for periods of 0-14 and 14-35, birds on the BMD or 1-GP diets 
had significantly more BWG than did control birds. Birds fed BMD di-
ets had heavier BW than birds on the control diet at d49, while the birds 
on diets supplemented with 1-GP had intermediate BW. These same dif-
ferences were observed for the cumulative grow-out period. Differences 
in feed intake were observed during d14-35 with birds on the BMD or 
1-GP diet having higher feed intake than control birds. From d0-14, birds 
fed the control diet were less efficient at feed conversion as compared 
to those with 1-GP or BMD. Significantly higher percent mortality oc-
curred in the BMD group from d35-49 as compared to the negative control 
group, while the 1-GP group had intermediate mortality between the other 
groups. Overall, results from this trial indicate that 1-GP had beneficial 
effects on performance of broilers receiving a coccidia vaccine on day of 
hatch.

Key Words: Broiler, Probiotic, Coccidia, Vaccination

M48 Evaluation of Eimeria oocyst counts using a Hemocytometer 
and a McMaster counting chamber Grace Ashby*GS, Emily Aston, 
Miguel Barrios, Brian Jordan The University of Georgia
Coccidiosis is an economically significant enteric disease of commercial 
chickens. Coccidiosis is caused by coccidia, a parasitic protozoan of the 
Eimeria spp. Coccidia compromises gut function, leading to poor feed 
conversion and weight gain and, left unchecked, can also cause mortality. 
Coccidia infection is also a component in the development of necrotic en-
teritis, another economically significant enteric disease of poultry. Coccid-
ia oocyst quantitation in fecal material is one of the criteria used in disease 
diagnosis and for evaluating coccidia vaccine replication and response to 
challenge. The McMaster counting method is currently the most accepted 
method of enumerating oocysts, though this technique was originally de-
veloped for counting parasite eggs. Using a hemocytometer to count oo-
cysts has also been reported, though this counting method is traditionally 
used to count cells in culture or peripheral blood. In both methods fecal 
or litter samples are obtained, soaked in deionized water, filtered, spun 
down into a pellet, and then resuspended in a saturated salt solution for 
flotation. Salt flotation is necessary for the McMaster counting procedure 
as oocysts need to be floated up, separating them from contaminants in 
the sample. When using a hemocytometer, salt floating is not necessar-
ily needed, as there is no room for oocysts to float in the hemocytometer 
chamber. Removing the salt flotation step would save time, allowing for 
processing of more samples. The purpose of this trial was to develop a 
correlation between using the McMaster chamber and the hemocytometer, 
using both the same and different sample preparation methods, as well as 
to determine the sensitivity of each test for cultured and fecal samples. 

To achieve this, oocyst concentrations of three commonly used poultry 
coccidiosis vaccines were counted using both the hemocytometer and Mc-
Master methods. The oocyst concentrations were then compared for varia-
tion and sensitivity levels. Fecal oocyst counts were also performed in the 
same manner for the same comparisons. Initial results indicate that the 
average vaccine oocyst counts obtained using both the McMaster count-
ing chamber and the hemocytometer are similar to the oocyst counts stated 
by the vaccine manufacturer specifications.

Key Words: Eimeria, Oocyst counts, McMaster, Hemocytometer

M49 Cross-species transmission of two field isolates of turkey 
reovirus from clinical cases of tenosynovitis, in commercial broilers 
Rafael Bampi*GS, Erich Linnemann, Vijay Durairaj, Susan Williams, 
Monique Franca, Holly Sellers University of Georgia
Avian reovirus is widespread in commercial poultry flocks and is involved 
in many disease conditions, including arthritis, tenosynovitis, myocarditis 
and stunting/malabsorption syndrome. Chicken and turkey reoviruses be-
long to the Orthoreovirus genus, but are genetically distinct. An increased 
incidence of reovirus-induced tenosynovitis was observed in commercial 
chicken and turkey flocks in 2011. Due to the emergence of clinical dis-
ease in both species, the question of cross species transmission was raised. 
In this study, two turkey reovirus field isolates, TK/WI/105057 Ten-
don/2014 and TK/WI/105208 Tendon/2014, isolated from clinical cases 
of tenosynovitis in turkeys from Wisconsin, USA, were used to evaluate 
the potential for cross-species transmission in commercial broilers. Day-
of-hatch commercial broilers were inoculated orally or by footpad with 
one of the two virus isolates and evaluated for 28 days. Body weights, 
tendon and footpad measurements were collected weekly and birds were 
observed for the presence of clinical signs twice daily. Additionally, gross 
lesions were evaluated at necropsy and tissues collected for histopathol-
ogy. Virus isolation and viral detection by RT-PCR was performed on se-
lect tissues. Swelling of tendons and footpads causing lameness in some 
of the birds was observed in birds challenged by footpad with field isolate 
TK/WI/105057 Tendon/2014. In addition, ruptured gastrocnemius ten-
dons and microscopic evidence of tenosynovitis and myocarditis charac-
teristic of reovirus infection was observed in this group. Birds challenged 
orally with TK/WI/105057 Tendon/2014 had milder tenosynovitis, but a 
higher prevalence of hydropericardium. While only a mild tenosynovitis 
was observed in birds challenged with reovirus isolate TK/WI/105208 
Tendon/2014, diarrhea was observed from 14-28 days post challenge con-
tributing to a significant decrease in body weight compared to the other 
groups. Reovirus was detected by RT-PCR in tendons and heart tissues 
from both groups challenged by footpad, but reovirus isolation was only 
positive for birds challenged by footpad with isolate TK/WI/105208 Ten-
don/2014. Altogether, turkey reoviruses TK/WI/105057 Tendon/2014 and 
TK/WI/105208 Tendon/2014 were successfully transmitted to broilers 
and caused clinical disease consistent with what was observed in the origi-
nal clinical case in commercial turkeys. However, the enterotropic nature 
of TK/WI/105208 Tendon/2014 was an unexpected outcome and will be 
further evaluated.

Key Words: Cross-species transmission, turkey reovirus, tenosynovitis, 
broilers

M50 Evaluation of protection elicited by Infectious Laryngotracheitis 
Virus (ILTV) chicken embryo origin (CEO) vaccine following ocular, 
oral, intranasal or intratracheal administration. Gabriela Beltrán*GS, 
Maricarmen García The University of Georgia
Infectious laryngotracheitis (ILT) is a highly contagious acute respiratory 
disease of chickens. The disease is caused by avian alphaherpesvirus Gal-
lid herpesvirus 1 (GaHV-1) commonly known as Infectious laryngotra-
cheitis virus (ILTV). The disease is mainly controlled by biosecurity and 
vaccination with either live attenuated or recombinant viral vector vac-
cines. The currently commercially available live-attenuated vaccines are 
the tissue culture origin (TCO) vaccines, and the chicken embryo origin 
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(CEO) vaccines. The recommended route of administration of the TCO 
vaccines is only via the ocular (eye drop) route, whereas the CEO vac-
cines can be administered via the ocular (eye drop), and by mass vaccine 
application methods such as spray and the drinking water. The route of 
ILTV vaccine administration plays an important role in immunoprophy-
laxis. Previous studies demonstrated that the route of vaccine delivery is 
associated with poor vaccine coverage, along with inconsistent vaccine 
dose resulting in the emergence of new outbreaks in susceptible flocks. 
The aim of the present study is to evaluate the degree of protection elic-
ited by the CEO vaccine when it enters via the ocular, oral, and intranasal 
routes. These routes imitate the natural paths of viral entry during mass 
vaccination or infection. In contrast, the intratracheal route is an artifi-
cial route mainly utilized in experimental challenge studies. The degree 
of protection will be assessed on the basis of clinical signs, and relative 
quantification of ILTV genome using real time PCR. 

Key Words: ILTV, Chicken embryo origin (CEO) vaccine, Routes of 
vaccine administration, Protection

M51 Safety of the tissue culture origin (TCO) commercial vaccine 
as compared to the gene deleted B∆ORFC strain when applied in 
ovo Gustavo Schneiders*GS, Sylva Riblet, Maricarmen García Poultry 
Diagnostic and Research Center, The University of Georgia
Infectious laryngotracheitis is a serious and widespread respiratory disease 
of chickens caused by Gallid herpesvirus I (GHV-1), commonly known as 
infectious laryngotracheitis virus (ILTV). The disease is mainly controlled 
by vaccination with live attenuated or recombinant viral vector vaccines. 
Live vaccines were attenuated by serial passages in chicken embryonated 
eggs (CEO) or embryonic chicken cell culture (TCO). Although live at-
tenuated vaccines are capable of containing outbreaks, residual virulence 
and mass vaccination in the field causes undesirable vaccine reactions. 
Therefore there is a need to develop more stable live attenuated ILT vac-
cines that can be delivered in ovo or at hatch. A gene-deleted ILTV lacking 
the open reading frame C (B∆ORFC) gene was developed and tested in 
for safety when delivered to specific pathogen free (SPF) and commercial 
layers via the in ovo route. Briefly, the § 113.330 within the Code of Fed-
eral Regulations Title 9 was modified and used to characterize the safety 
for in ovo vaccination. Briefly, SPF embryos were manually injected at 
19.5 days-of-embryonation with 100 μL of 103.5 (1X) or 10

4.5 (10X) TCID50 
of B∆ORFC per embryo or 1 dose (1X) or 10 doses (10X) of TCO. Safety 
of B∆ORFC was compared to MDV (HVT-SB1). Hatchability, mortal-
ity until 10 days of age (DOA), weight at 1 and 7 DOA were compared 
between the groups. No effects in hatchability were observed. Mortality at 
10 DOA reached 17 and 59% for groups inoculated with B∆ORFC 1X and 
10X doses, respectively, and 0% for MDV vaccinated group. At 7 DOA, 
B∆ORFC 10X group presented lower weight when compared to MDV 
10X and non-vaccinated groups (P≤0.3). Genome analysis predicted that 
the TCO commercial vaccine expresses a truncated ORF C. The objective 
of this study is to compare the safety of the TCO commercial vaccine 
when administered in ovo to SPF chickens. Hatchability, mortality and 
weight gained for in ovo vaccinated TCO and B∆ORFC chickens will be 
compared.

Key Words: Safety, Infectious laryngotracheitis, Vaccine, Gene deletion, 
TCO

M52 Polymorphisms in the spike protein of Arkansas DPI infectious 
bronchitis virus influence binding to the chorioallantoic membrane 
Christina Leyson*GS, Monique Franca1, Brian Jordan1, Mark Jackwood1 
1University of Georgia; 
Arkansas-type infectious bronchitis virus is the most common strain of 
infectious bronchitis virus isolated from the field. The Arkansas Delmarva 
Poultry Industry (ArkDPI) vaccine has been shown to offer poor repli-
cation and to provide limited protection. In those birds that do take the 
vaccine, it has been demonstrated that certain polymorphisms in the spike 
protein gene are found in vaccine virus re-isolated from chickens. These 

polymorphisms are distinct from the virus in the vaccine preparation. Two 
of the most common polymorphisms in the spike gene that are found in re-
isolated vaccine virus are a tyrosine at amino acid position 43 and a dele-
tion at amino acid position 344. In the vaccine preparation, a histidine and 
an arginine is found in these positions, respectively. The goal of our study 
is to determine the influence of these polymorphisms in the spike protein, 
specifically investigating their role in binding of the spike to host tissues. 
To this end, we cloned codon-optimized ArkDPI spike protein genes into a 
mammalian expression vector. Four plasmids were constructed with Ark-
DPI spike protein genes: (i) from parent strain from the vaccine prepara-
tion, (ii) with tyrosine at position 43 (Y43H), (iii) with deletion at position 
344 (Δ344), and (iv) with both Y43H and Δ344. Subsequently, the spike 
proteins were expressed and purified from HEK 293 cells transfected with 
expression plasmids. Purified spike proteins were then used as reagents 
in histochemistry on normal chorioallantoic membrane (CAM). We ob-
served that the parental ArkDPI spike protein was the only spike capable 
of binding onto CAM; Spike proteins with Y43H and/or Δ344 exhibited 
no binding to CAM. Our previous study has shown that Y43H was able to 
enhance binding to adult trachea while a spike with Δ344 has decreased 
binding. Taken together, our data help explain the existence of polymor-
phisms in the spike protein. On one hand, the parental spike protein of 
ArkDPI binds to CAM efficiently and thus allows for the parental ArkDPI 
vaccine virus to grow well in embryonated eggs. However, a minor sub-
population of viruses containing Y43H in the spike protein is able to bind 
better to trachea, thereby allowing this polymorphism to predominate in 
the vaccine viruses that replicate in chicks.

Key Words: IBV, ArkDPI, Spike

M53 Heterosubtypic immunity to low pathogenic Avian Influenza 
viruses in Mallard ducks Karen Segovia*GS1, David Stallknecht1, Darrell 
Kapczynski2, Neus Latorre-Margalef1, Lisa Stabler1, Alinde Fotjik1, 
Monique França1 1University of Georgia; 2United States Department of 
Agriculture
Mallards (Anas platyrhynchos) are reservoirs of Low Pathogenic Avian 
Influenza Viruses (LPAIVs) and are frequently co-infected with differ-
ent subtypes of LPAIV in the same season. We evaluated long-term and 
cumulative heterosubtypic immunity in ducks challenged with different 
subtypes of wild bird-origin LPAIVs belonging to the same hemagglutinin 
(HA) group at different time points. Fifteen 1-month-old Mallards were 
pre-inoculated with H3N8 LPAIV via choanal cleft and randomly divid-
ed into 3 challenge groups with 5 ducks each. Group 1 was sequentially 
challenged with H4N6, H10N7 and H14N5 LPAIV at 1-month intervals. 
Group 2 was challenged with H10N7 after 2 months post H3N8 LPAIV 
infection, while group 3 was challenged with H14N5 after 3 months. Sin-
gle infection and age-matched control ducks were included for all chal-
lenges. We measured the duration and amount of viral shedding by virus 
isolation and RT-PCR in oral and cloacal swabs in different time points 
and until day 14 post challenges. The development of cross-reactive hu-
moral immunity was assessed by ELISA and virus neutralization.

Pre-exposure to H3N8 reduced the duration and amount of viral shedding 
after challenge with H4N6 (p-value<0.05) and H10N7 (p-value<0.13) 
LPAIVs after 1 and 2 months respectively. Furthermore, H3N8 pre-expo-
sure completely abrogated virus excretion of the HA and neuraminidase 
(NA) clade related H14N5 virus in ducks challenged with all 4 LPAIV 
(p-value<0.05). The protective effect was boosted in birds previously 
challenged with more than one viral subtype H3N8-H4N6 or H3N8-
H4N6-H10N7 against H10N7 (p-value<0.05) and H14N5 (p-value<0.05) 
virus strain respectively. Serological results showed 13.3%, 20%, 40% 
and 60% of birds pre-challenged with H3N8, H4N6, H3N8-H4N6 and 
H3N4-H4N6-H10N7 respectively had detectable levels of cross-reactive 
neutralizing antibodies against H14N5. Furthermore, birds that received 
H3N8-H4N6-H10N7 and H10N7 developed neutralizing antibodies 
against H9N2 and H12N5 LPAIVs respectively. 
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Our findings indicate that heterosubtypic immunity likely affect infection 
and transmission of LPAIV in Mallards and that the strength of immune 
responses might be influenced by the genetic relatedness of the HA and 
NA of the viruses encountered. The information obtained in this study 

improves our understanding about the effect of heterosubtypic immunity 
in the ecology of avian influenza in Mallards. 

Key Words: Avian Influenza, Mallard ducks, Heterosubtypic immunity

Metabolism & Nutrition I
M54 Growth performance and tibia measurements in starter broilers 
fed diets with increasing levels of calcium and available phosphorus 
and added with increasing amounts of a phytase Alejandro Diaz 
Alonso*1, Sergio Gomez Rosales2, Maria De Angeles2, Carlos Lopez 
Coello3, Ernesto Avila Gonzalez3 1Faculty of Higher Studies Cuautitlan-
UNAM; 2National Center of Disciplinary Research in Animal Physiology. 
INIFAP; 3Poultry Science Department. Faculty of Veterinary Medicine and 
Zootechnics. University City. UNAM.
The objective was to evaluate the productive responses and different mea-
surements related to the tibia mineralización in starter broilers fed diets 
with inadequate and adequate levels of Cacium and available phosphrus 
(Ca:AP) and no added or added with normal and superdoses of a phy-
tase (PHY). A total of 408 male Ross B308 broilers from 8 to 21 d of 
age were assigned in groups of two to holding crates. Twelve treatments 
were evaluated given by the combination of 3 levels of Ca:AP (Low= 
0.26:0.13; Medium= 0.66:0.33 and Normal= 1.06:0.53) and 4 levels of 
PHY (0, 500, 1000 and 1500 FTU/kg). Feed and water were offered ad 
libitum during 13 days. There were 17 replicate crates per treatment. Data 
was subjected to ANOVA and regression analysis. The final body weigh, 
weight gain and feed conversion ratio, the tibia dry and ashes weight and 
the diameter and internal thickness of the diaphysis showed quadratic pat-
terns (P < 0.01) with increasing Ca:AP levels. These responses were lower 
in the Low-Ca:AP group compared to the Medium- and Normal-Ca:AP 
groups. The increasing levels of PHY caused a quadratic response (P < 
0.02) in the feed conversión which dropped from 0 to 1000 FTU and then 
plateaued between 1000 and 1500 FTU. The dry weight, ashes and the 
internal thickness of the tibia also showed quadratic responses (P < 0.01) 
with increasing levels of PHY due to a linear increase from 0 to 1000 FTU 
and a plateau from 1000 to 1500 FTU. The interaction between the Ca:AP 
and PHY levels affected the lenght of the tibia (P < 0.01)and the diameter 
of the distal epiphysis (P < 0.05) in such a way that at 0 FTU of PHY they 
showed a linear increase as the Ca:P level increased, but at 1000 FTU of 
PHY the responses were about the same regarding the Ca:P levels. The 
breaking strengh of the tibia was lower at the lower Ca:AP level at any 
PHY level but for the Medieum and Normal Ca:AP levels the differences 
were greater at 0 FTU of PHY but for the differences narrowed at higher 
PHY levels. In summary, the growth performance and the tibia measure-
ments were improved when Medium and Normal Ca:AP levels were used 
as well as when higher tan normal doses of PHY were added in starter 
broiler chickens. 

Key Words: Ca:AP levels, Phytase, Growth performance, Tibia 
mineralization

M55 Lysine requirement of broiler chickens from 1 to 42 days of age 
using different statistical models Henrique Cemin*GS, Sergio Vieira, Liris 
Kindlein, Silvana Rauber, Pedro Ferzola, Catarina Stefanello UFRGS
Three experiments (exp.) were conducted to determine digestible (dig.) 
lysine (Lys) requirement of broiler chickens from 1 to 12 (exp. 1), 12 to 
28 (exp. 2), and 28 to 42 d (exp. 3). For each experiment, 1,800 Cobb 500 
male broilers were placed in 72 floor pens divided in 6 dietary treatments 
with 12 replicates and 25 birds each. Basal diets were formulated to meet 
or exceed nutrient and energy recommendations, except for dig. Lys. Ly-
sine levels in the basal diets were 0.97%, 0.77%, and 0.68% in exp. 1, 2, 
and 3, respectively. Five graded levels of Lys were added to the basal diets 
to generate a total of 6 dig. Lys levels in 0.08% increments. Birds and feed 
were weighed on d 12 in exp. 1, d 28 in exp. 2, and d 42 in exp. 3 to deter-

mine body weight gain (BWG) and feed conversion ratio (FCR). In exp. 
3, 4 birds per replication were processed to evaluate carcass and breast 
meat yields. A gradient treatment structure was conducted as a completely 
randomized design. Growth performance data were fitted to linear and 
quadratic responses. Digestible Lys requirements were estimated by qua-
dratic regression, quadratic broken-line, and linear broken-line models as 
95% of the maximum response. There were significant effects (P < 0.01) 
of increasing levels of dig. Lys and quadratic regression, linear broken-
line, and quadratic broken-line models for all evaluated variables. From 
1 to 12 d, quadratic regression, quadratic broken-line, and linear broken-
line models estimated requirements as 1.190%, 1.101%, and 1.032% for 
BWG, and 1.226%, 1.124%, and 1.034% for FCR, respectively. From 12 
to 28 d, requirements were determined as 1.021%, 0.961%, and 0.900% 
for BWG and 1.064%, 1.043%, and 0.966% for FCR using quadratic re-
gression, quadratic broken-line, and linear broken-line, respectively. In 
exp. 3, quadratic regression, quadratic broken-line, and linear broken-line 
estimates were 0.949%, 0.925%, and 0.833% for BWG; 0.978%, 0.960%, 
and 0.851% for FCR. Quadratic broken-line model provided the best fit 
for growth performance data and dig. Lys level that provided the best FCR 
response were estimated as 1.124%, 1.043%, 0.960% for starter, grower, 
and finisher phases.

Key Words: broiler, broken-line, lysine, performance, requirement

M56 Using non-linear regression to estimate the maximum safe level 
of feed ingredients Rashed Alhotan*GS1, Dmitry Vedenov2, Gene Pesti1 
1University of Georgia; 2Texas A&M University
Alternative ingredients are evaluated worldwide as energy or protein 
sources for poultry. The evaluation process includes feeding birds increas-
ing levels of the test ingredient to estimate the maximum safe level (MSL) 
of the ingredient being tested. Typically, a multiple comparison procedure 
is used when analyzing the results of feeding trials to estimate the MSL de-
spite the fact that these procedures are inappropriate for this type of analy-
sis due to the nature of the independent variable being continuous. There-
fore, the objectives of the current study were to evaluate the non-linear 
regression models (broken-line spline with descending linear segment or 
BLL and broken-line spline with descending quadratic segment or BLQ) 
in estimating the MSL of feed ingredients as an alternative approach to the 
multiple comparison procedures and as a tool to find the best combina-
tion of ingredient levels and replicates when planning future feeding trials. 
Growth response data to test ingredients were compiled from the world’s 
literature and were used in a simulation-based excel workbook (Maximum 
Ingredient Optimization Workbook or MIOW) for the re-estimation of the 
MSL and the related descriptive statistics (SD, SE, CI, and R2). The simu-
lation results showed that the estimated MSL values were almost always 
lower than the original authors’ reported MSL values. A minimum of 50 
simulations with a CV of 10% produced satisfactory estimates of the MSL 
(high R2 and small SD and SE). Furthermore, increasing the number of 
replications and ingredient levels reduced the SD and SE of the MSL. 
The results demonstrate that the non-linear regression models can be used 
to estimate the MSL of feed ingredients with descriptive statistics and to 
provide helpful information on the number of levels and replicates when 
planning feeding trials. 

Key Words: non-linear regression, safe level, feed ingredient
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M57 Modeling dietary protein level of grower diets of broilers raised 
under sex separated or straight run conditions Manuel Da Costa*1, T.J. 
Frost2, J. Halley2, Gene Pesti1 1University of Georgia; 2Wayne Farms LLC
The objective of this experiment was to model the responses to dietary 
digestible lysine (dLys) levels (maintaining the ideal amino acid ratio to 
dLys) in grower diets when raising broilers sex separate (SS) or together 
(straight run (SR)). 2,160 Ross 708 chicks were separated by sex and 
placed in 90 pens by two rearing type SS (24 males (M) or 24 females (F)) 
or SR (12 M + 12 F). All birds were fed a common starter diet with 1.32% 
of dLys up to 14d. Afterwards, each rearing type was fed 6 grower diets 
formulated to have dLys levels between 0.90 to 1.30% in 0.08% incre-
ments until 32d of age. A common finisher with 0.88% of dLys was fed 
from 32 to 42d. Body weight (BW) and feed intake (FI) were assessed 
at 14, 32, and 42d. Additionally, at 32 and 42d 4 birds per pen (SR pens 
2M+2F) were sampled for carcass yield evaluation. Data were fitted us-
ing a set of non-linear models which were ranked by Akaike information 
criterion. Throughout the experiment M were heaviest followed by SR 
and then F. At 32d, dLys, had a quadratic effect on BW (R2=.46) being 
maximized at 1.18, 1.21 and 1.20 for M, SR, and F respectively. FI at 
32 increased linearly (R2=.25) as dLys increased for SR and F, and was 
maximized at 1.02% of dLys for M (quadratic effect R2=.39). FCR de-
creased linearly for M, and was minimized at 1.14 and 1.09 dLys levels 
for SR and F (quadratic effect R2=.30). Comparing M SR and M SS it 
was observed that mechanistic growth (R2=.43) and quadratic (R2=.25) 
models fitted the data better, both at 32 and 42d. SR M did not benefit from 
levels above 1.05% of dLys whereas SS M need 1.20% dLys inclusion to 
perform equally. A quadratic effect (R2=.41) of dLys level on BW was ob-
served for both SS and SR F with 1.16 and 1.19% resulting in maximum 
gain respectively. Pectoralis major percentage increased linearly as dLys 
increased at both processing times. No effect of dLys level was observed 
on gain during the finisher phase. In conclusion, overall males and females 
responses fitted different models better depending on the rearing environ-
ment (SS or SR).

Key Words: sex separate, straight run, lysine, modeling, grower

M58 Does increased selenium supplementation alleviates breast 
myopathies in broilers? Tamara Ferreira*UG, Henrique Cemin, Rafael 
Cruz, Sérgio Vieira, Vladimir Nascimento, Liris Kindlein Federal 
University of Rio Grande do Sul
Selenium is an important trace mineral in poultry nutrition an has roles in 
the immune response, as an antioxidant, and therefore in performance and 
meat quality. The aim of this study was to determine if dietary Se increases 
impact the appearance of white striping (WS) and wooden breast (WB). A 
total of 1,080 male Cobb x Cobb 500 broilers were reared to 42 d and fed 6 
dietary treatments, each with 6 replicates of 30 birds as follow: 1-Control 
without Se supplementation, and increases of 0.2, 0.4, 0.6, 0.8 and 1.0 
ppm Se from sodium selenite. Each treatment was provided in a 3-phases 
feeding program. At 42d of age, 6 birds per pen (216 total) were processed 
and deboned. Breast fillets were scored for the incidence and severity for 
the myopathies WS (NORM, MOD and SEV) and WB (yes or No). The 
General Linear Model (GLM) procedures of SAS was used to analyze the 
data and means were separated by Tukey’s Test when significant (P<0.05). 
The incidence and severity of WS was well marked in treatment 1 (34.9%) 
in animals classified as NORM and was also significant in treatment 5 
(19.4%), but no significant difference between the treatments was ob-
served for the occurrence of MOD and SEV degrees of WS. In relation to 
WB, NORM breast fillets were also associated in the treatment 1 (36.1%), 
and the breast fillets with WB were associated in the treatment 4 (97.2%). 
These results indicate that increasing Se supplementation at levels above 
usual requirement levels does not lead to improvements in carcass quality 
through a reduction in breast meat myopathies.

Key Words: broiler, breast myopathies, selenium

M59 Performance of broiler chickens fed diets with increasing levels 
of selenium from organic source Henrique Cemin*1, Sergio Vieira1, 
Rafael Cruz1, Catarina Stefanello1, Liris Kindlein1, Patrícia Carvalho1, Alba 
Fireman2 1UFRGS; 2Zinpro Corporation
An experiment was conducted to evaluate growth performance of broilers 
fed corn-soy diets supplemented with an amino acid-complexed source 
of selenium (Se). A total of 1,872 Cobb x Cobb 500 male broilers were 
placed in 72 floor pens using a completely randomized design with 6 
treatments, 12 replicates and 26 birds each. A vitamin and mineral pre-
mix without supplemental Se was added to a corn-soybean meal basal 
diet. Five graded levels of organic Se (0.2, 0.4, 0.6, 0.8, and 1.0 ppm) as 
zinc-L-selenomethionine were supplemented to the basal diet. Birds and 
feed were weighed at 7, 21, 35, and 42 d of age to determine body weight 
gain (BWG) and feed conversion ratio (FCR). Growth performance data 
were fitted to linear and quadratic responses. Optimal Se supplementation 
was estimated using quadratic regression equation as 95% of the maxi-
mum response. The BWG of broilers fed diets with increasing levels of 
Se supplementation increased quadratically (P ≤ 0.01) and FCR decreased 
quadratically (P ≤ 0.01) from 8 to 21 d, 22 to 35 d, 1 to 21 d, and 22 to 42 
d. Optimal Se level for BWG was estimated as 0.66 and 0.59 ppm from 
8 to 21 d and 22 to 35 d, respectively. Selenium supplementation that re-
sulted in lower FCR was estimated as 0.63 ppm from 8 to 21 d and 0.56 
ppm from 22 to 35 d. From 1 to 7 d and 35 to 42 d, Se supplementation 
improved performance, although levels were not significantly different. 
In conclusion, Se supplementation at 0.66 and 0.59 ppm resulted in im-
provements on broiler performance in starter and grower phases, respec-
tively. Overall, Se level required to maximize broiler performance could 
be higher than previous recommendations.

Key Words: broiler, organic mineral, performance, selenium

M60 Effects of eggshell color and dietary iron sources for Cobb 500 
breeder hens on progeny performance and blood parameters Henrique 
Cemin*1, Marco Ebbing1, Sergio Vieira1, Eveline Berwanger1, Cesar 
Pontin1, Silvana Rauber1, Alba Fireman2 1UFRGS; 2Zinpro Corporation
A study was conducted to evaluate the effect of different sources of iron 
(Fe) and eggshell colors on performance and blood parameters of birds 
originated from Cobb 500 breeder hens. Hens between 40 to 65 weeks 
old were fed experimental diets formulated with 3 different commercial 
sources of Fe, (1) 50 ppm of Fe from ferrous sulfate (Fe-S), (2) 50 ppm 
of Fe from Fe-S + 40 ppm of Fe from Fe-AA or (3) 40 ppm of Fe from 
an amino acid complex (Fe-AA). Eggs were collected from 65-wk-old 
hens consuming these dietary groups and classified as pale, intermediate 
and dark brown colored eggshell (Minolta Colorimeter Mod. CR-400 and 
Zinpro Eggshell Color Guide). The eggs were incubated separately by egg-
shell color. Intermediate colored eggs were considerate pale eggs. Blood 
parameters from 600 chicks were evaluated at hatching. A total of 1,200 
male chicks were randomly allocated in 6 treatments and 8 replicates of 25 
birds per pen. Broilers were allocated in a 3 x 2 factorial arrangement of 3 
different commercial sources of Fe and two eggshell colors (pale or dark) 
and fed a standard basal diet from 1 to 34 d. Progeny growth performance 
and carcass and cut yields were evaluated. There were no differences of 
Fe sources and eggshell colors on hemoglobin and hematocrit of chicks. 
Birds hatched from dark eggshell color had higher (P < 0.05) body weight 
gain (BWG) and also presented reduced abdominal fat and greater breast 
meat (P < 0.05) compared to those hatched from pale eggshell color. Feed 
conversion ratio and feed intake were not affected by eggshell color and 
Fe sources. The BWG was higher (P < 0.05) in broilers from breeders fed 
Fe-AA diets compared to Fe-S and Fe-AA + Fe-S. Broilers obtained from 
hens supplemented with Fe-AA and Fe-AA + Fe-S had higher carcass 
weight (P < 0.05) than birds fed Fe-S. Broilers from hens fed Fe-AA or 
Fe-AA + Fe-S had greater breast meat yield; breast tender yield and thighs 
yield (P < 0.05) than birds from hens fed Fe-S. In conclusion, broilers 
obtained from dark eggshell colors or from fed diets supplemented with 
Fe-AA have performance improvement.
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M61 Copper requirement for broiler breeder hens Henrique Cemin*, 
Eveline Berwanger, Sergio Vieira, Marco Ebbing, André Mayer, Pedro 
Ferzola, Raíssa Menezes UFRGS
An experiment was conducted to evaluate copper (Cu) requirement on 
egg production and percentage of hatching eggs of broiler breeder hens 
from 25 to 44 weeks. Two hundred twenty 20-wk-old Cobb 500 breeder 
hens were placed in individual cages electrostatically painted. Hens were 
fed with commercial diets to 25 weeks and a copper (Cu)-deficient diet 
from 20 to 24 weeks (2.44 ppm in total) to induce depletion. From 25 to 
44 wk, the hens had diets supplemented with 6 levels of Cu: 0, 3.5, 7, 10.5, 
14, and 17.5 ppm from copper amino acid complex. Total egg produc-
tion and percentage of hatching eggs were analyzed every 28 d, totaling 
5 periods. Data were analyzed using SAS Proc Mixed in a 6 × 5 factorial 
arrangement (levels × periods) and regression analysis for levels of Cu in 
the diets were determined. There were no interactions between period and 
Cu levels for all evaluated responses. There were differences between pe-
riods for egg production (P < 0.05), and the second period showed higher 
total egg production compared to the other periods. Egg production and 
hatching eggs increased with the increasing level of Cu supplementation 
(P < 0.05). Using two different statistic models, the optimum level of Cu 
estimated for egg production was 13.68 ppm for quadratic polynomial re-
gression (Y = - 0.059x2 + 1.618x + 65.069; r2 = 0.35) and 7.36 ppm for 
linear response plateau regression (r2 = 0.37). The best response for per-
centage of hatching eggs was 12.24 ppm of Cu for quadratic polynomial 
regression (Y = - 0.062 x2 + 1.526x + 81.734; r2 = 0.15) and 6.67 ppm of 
Cu for linear response plateau (r2 = 0.14). In conclusion, copper deficiency 
in broiler breeder hens diets reduced egg production and percentage of 
hatching eggs. We could suggest 13.39 and 12.22 ppm of Cu as levels that 
are able to provide the maximum response of egg production and hatching 
eggs, respectively.

Key Words: copper, egg production, hen, requirement

M62 Effects of variable zinc and copper inclusion and source on 
broiler growth performance Austin Jasek*GS1, Hunter Walters1, Rocky 
Latham1, Terri Parr2, Jason Lee1 1Texas A&M University; 2Micronutrients
The objective of the current study was to evaluate the impact of hydroxyl 
trace mineral (IntelliBond®) inclusion of zinc and copper on growth per-
formance in corn-soy diets. A total of 1750 broilers were assigned ran-
domly to 5 dietary treatments consisting of 10 replicates of 35 Ross 708 
broilers. The first two treatments represented a positive (PC) and nega-
tive control (NC), with mineral levels of 125 ppm (d 1-28) copper from 
copper sulfate and 90 ppm zinc from zinc oxide (2/3) and zinc sulfate 
(1/3). The PC diet contained salinomycin, whereas the NC diet did not. 
The additional three treatments each included 125 ppm of copper from 
basic copper chloride (IntelliBond® C) and increasing levels of 100, 125, 
and 150 ppm of zinc from zinc hydroxychloride (IntelliBond®Z- ZHC) 
without the inclusion of salinomycin. Birds were fed starter (d1-14), fin-
isher (d14-28), withdrawal (WD-d28-42), and withdrawal 2 (WD 2-d42-
49). Average body weight (BW), body weight gain, mortality adjusted 
feed conversion ratio (FCR), feed consumption (FC) and mortality (%) 
were determined on days 14, 28, 42, and 49. On day 50, 8 birds (4 males 
and 4 females) were randomly selected from each replicate to evaluate 
for processing yields. On d 42, broilers fed the PC diet with salinomycin 
consumed less (p<0.05) feed than all other treatments resulting in lower 
(p<0.05) observed body weights. At the conclusion of the trial, broilers 
fed 150 ppm of zinc from ZHC exhibited increased (p<0.05) BW com-
pared to the PC, while all other treatments produced intermediate results. 
Salinomycin improved (p<0.05) feed conversion ratio during the WD 2 
phase as compared the NC diet. Cumulatively through d 49, the PC-fed 
broilers exhibited an improved (p<0.05) FCR compared to the NC-fed 
broilers. Inclusion of the hydroxyl trace minerals at all levels resulted in 
similar FCR to that of the PC diet. Linear increases in feed consumption 

were observed with increasing levels of ZHC through 42 d of age. The 
elevated BW observed with 150 ppm ZHC resulted in increased carcass 
weight compared to the PC. These data suggest that elevated levels of 
ZHC can increase feed consumption resulting in elevated body weights. 
Additionally, the inclusion of hydroxyl trace minerals produced similar 
performance responses to a conventional diet containing an ionophore. 

Key Words: Zinc, Copper, Broiler, Performance, Yield

M63 Effect of dietary available phosphorous and phytase in 
broiler breeder and broiler progeny diets on the live performance 
of the broilers Yun Mei Lin*GS1, Peter Plumstead2, John Brake1 1North 
Carolina State University; 2Danisco Animal Nutrition, DuPont Industrial 
Biosciences
The effects of phytase on broiler breeder and broiler progeny performance 
were studied. A broiler breeder flock was fed four dietary treatments with 
4 replicate pens each in their grower and layer diets from 7 to 64 wk of age, 
respectively: (A-POS) 0.45% AvP and 0.42% AvP, (B-NEG) 0.3% AvP 
and 0.15 AvP, (C-NEG+250) 0.3% AvP and 0.15 AvP, each with 250 FTU/
kg phytase, (D-NEG+500) 0.3% AvP and 0.15 AvP, each with 500 FTU/
kg phytase. The 6-phytase was derived from Buttiauxella spp. expressed 
in Trichoderma reesei. Egg production was not affected by phytase but 
egg weight was reduced (P≤0.05) by the B-NEG treatment relative to the 
A-POS treatment and phytase addition partially restored egg weight in a 
stepwise manner. Broiler hatching eggs were collected from the flock at 36 
wk of age and the broilers were placed on three dietary treatments, Control 
(CON) with higher AvP, Negative Control (NC) with lower AvP and the 
NC plus 1000 FTU/kg phytase (NC+1000) in a 4 x 3 factorial arrange-
ment with 6 replicate pens per interaction cell. Chick weight at hatching 
was greater (P≤0.05) from the A-POS treatment where breeders consumed 
feed with higher AvP, the two phytase added treatments C-NEG+250 and 
D-NEG+500 were intermediate, and the B-NEG chicks exhibited the low-
est BW at hatching in a manner consistent with egg weight. The broilers 
fed the NC+1000 diet exhibited greater BW (P≤0.05) at 14, 28, 35, and 
42 d of age when compared to the other two treatments. Broiler BW gain 
was greater (P≤0.05) in NC+1000 treatment to 35 d of age, as well as 
cumulative feed intake to 28 and 35 d of age. There was lack of interac-
tion of breeder diet on overall broiler live performance observed in this 
study, indicating that there was no vertical effect of parental treatment on 
progeny response to the dietary phytase at the phytase inclusions and AvP 
levels evaluated in this study and that smaller chicks consumed sufficient 
feed to overcome the initial BW disadvantage.

Key Words: phosphorous, phytase, broilers, maternal effect, broiler 
breeders

M64 Phytate hydrolysis with regular and high levels of phytase and 
available phosphorus on growth performance and nutrient utilisation 
Laura Beeson*GS1, Carrie Walk2, Peter Hastie3, Mike Bedford2, Oluyinka 
Olukosi1 1SRUC; 2AB Vista; 3University of Glasgow
A total of 360 Ross 308 broilers were allocated to one of the 6 treatments 
for 21 days in a randomised complete block design for the study of effects 
of regular and high doses of phytase at different aP levels on ileal phytate 
hydrolysis and subsequent effects on growth performance and nutrient 
utilisation. The six treatments were in a 2 x 3 factorial arrangement, with a 
nutritionally adequate diet (PC, 0.45% available phosphorus, aP) and mar-
ginally aP deficient diet (NC, 0.30% aP), with either 0, 500 or 1500 FTU/
kg phytase. There were 10 birds per pen, with 6 replications per treatment. 
There was no aP x phytase interaction on growth performance, however 
increasing phytase increased BWG (linear, P < 0.001) and reduced FCR 
(linear, P < 0.05). BWG was greater with 0.45% aP than 0.30% (P < 0.05), 
but there were no treatment effects on FI. There was aP x phytase interac-
tion on Ca (P ≤ 0.001), P (P < 0.05) and Na (P < 0.01) digestibility. Increas-
ing phytase increased Ca digestibility in both the PC (quadratic, P < 0.01) 
and NC (linear, P < 0.01). P digestibility increased in the PC (quadratic, P 
< 0.05) and tended to increase in the NC (quadratic, P = 0.053). Digestibil-
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ity of Na increased with phytase in the NC (linear, P < 0.001) but not the 
PC. There was no aP x phytase interaction on ileal content of the different 
inositol phosphate esters. Phytase linearly decreased iP6 (P < 0.001), iP5 
(P < 0.01), and linearly increased iP3 (P < 0.05) and inositol (P < 0.01). 
Reducing dietary aP decreased ileal iP6 (P < 0.01), iP5 (P < 0.01) and iP4 
(P < 0.05), and increased inositol (P < 0.001). There were no treatment 
effects on iP2 content. No significant correlations were identified between 
ileal iP content and growth performance parameters or nutrient utilisation, 
despite the fact that phytase is clearly efficacious at fully hydrolysing phy-
tate to produce inositol at both levels of dietary aP and improving perfor-
mance concomitantly. Growth performance can also be enhanced through 
the use of phytase at both 0.45 and 0.30% aP, however the dietary aP level 
is important for the phytase effect on mineral digestibility.

Key Words: Broilers, Phytase, Inositol phosphate esters, available P, 
Growth performance

M65 Effects of varying phytase inclusion in conjunction with 
xylanase supplementation on 0-56 d male broiler performance Rosana 
Hirai*GS1, Omar Gutierrez2, Kelley Wamsley1, Ana Oliveira1 1Mississippi 
State University; 2Huvepharma Inc.
Exogenous feed enzymes (such as phytase and xylanase) are included 
into poultry diets to increase nutrient utilization and ultimately profit, as 
well as reduce the impact of poultry production on the environment. The 
objective of this study was to determine if varying phytase inclusion in 
conjunction with a xylanase enzyme would affect 0-56 d Ross x Ross 708 
male broiler performance, processing yield and tibia ash. Two basal diets 
(positive and negative control (PC; NC) were formulated to contain corn 
and soybean meal, as well as corn dried distiller’s grains and solubles. The 
PC (Treatment (Trt 1)) was formulated to meet or exceed the NRC recom-
mendations. The NC (Trt 2) was formulated to have a reduction of 0.15% 
aP and Ca, as well as 88.2 kcal/kg (as compared to PC). Next, the NC diet 
was utilized to create an additional four treatments (Trts 3-6) of which all 
were formulated to contain 1500 EPU/kg of supplemental xylanase and 
increasing levels of phytase (250, 500, 1000 or 1500 FTU/kg, respective-
ly). On d of hatch, 1368 male Ross x Ross 708 chicks were obtained from 
a commercial hatchery and randomly assigned to a floor pen at a density of 
0.05 sq m/bird. Treatments were arranged as a randomized complete block 
design, with 12 replications/trt. Measured performance variables were av-
erage BW; BWG, FCR, percent mortality, and d 56 processing (4 birds/
pen). Tibiae were extracted from 3 birds/pen at 14, 28 and 46 d and then 
from processed birds for ash measurements. Feed samples were collected 
and sent to commercial lab for enzyme analysis. In general, phytase and 
xylanase addition into diets (Trt 3-6) improved tibia ash measurements. 
Data from d 0-46 demonstrated improved FCR for birds fed Trt 1 and 3-6, 
as compared to those fed Trt 2 by an average of 6 pts (P=0.003). Also, 
birds fed Trt 5 and 6 exhibited the highest 0-46 d BW gain, while birds fed 
Trt 2 and 3 had the lowest (P=0.001). For 0-56 d performance, no signifi-
cance in FCR was found (P=0.6). However, once again, birds fed Trt 5 and 
6 had increased BW gain and Trt 1 and 2 had the lowest (P=0.04). Feeding 
Trt 5 and 6 also improved carcass weight (P=0.04). In summary, utilizing 
phytase at 1000 and 1500 FTU/kg in conjunction with a xylanase enzyme 
(1500 EPU/kg) demonstrated some performance benefit at 46 and 56 d.

Key Words: phytase, xylanase, broiler performance, processing, tibia ash

M66 Evaluation of super-dosing phytase in combination with 
a xylanase on commercial broiler performance and processing 
parameters Kyle Smith*GS1, Cody Flores1, Craig Wyatt2, Rex Bushong3, 
Keith Staggs4, Jason Lee1 1Texas A&M University; 2AB Vista; 3Texan Six 
Consulting; 4Holmes Foods
The objective of the current study was to evaluate the influence of an en-
zyme premix including a xylanase and a super-dosage of phytase on per-
formance, breast yield and bone ash in commercial broilers. The experi-
mental design consisted of three dietary treatments including a positive 
control (PC, 0.46% available phosphorous (aP), 0.94% Ca and 0.2% Na 

for the starter; 0.42% aP, 0.81% Ca, and 0.2% Na for the grower; 0.39% 
aP, 0.7% Ca, and 0.2% Na for the withdrawal), a negative control (NC) 
consisting of a 0.13, 0.14, and 0.03% reduction in aP, Ca and Na, respec-
tively, and a reduction of 50 kcal/kg AME throughout all phases, and the 
NC supplemented with a super-dose of phytase (1,500 FTU/Kg) and xyla-
nase (8,000 BXU/Kg) premix. Each treatment included 15 replicates with 
50 straight-run Hubbard x Cobb broilers placed per replicate (2250 total 
chicks placed). The dietary program consisted of 3 phases including the 
starter through d 17, grower through d 27, and finisher through d 33. Broil-
ers were weighed and feed consumption determined on d 17, 27 and 33. 
On d 33, 5 male broilers per replicate were removed for determination of 
tibia bone ash. On d 34, 4 male and 4 female birds were removed per rep-
licate pen for processing to determine breast, abdominal fat pad and car-
cass yield. The inclusion of phytase and xylanase increased (P<0.05) body 
weight, reduced (P<0.05) mortality corrected feed conversion ratio, and 
increased (P<0.05) feed consumption throughout the trial as compared to 
the PC and NC diets. The NC supplemented with phytase and xylanase 
yielded increased carcass, breast and fat pad weights compared to the PC 
and NC diets. Tibia bone ash weight and percent were increased (P<0.05) 
in the PC and NC + enzyme premix fed broilers when compared to the NC 
diet. These data support the idea that a combination of super-dose phytase 
and xylanase can achieve elevated growth performance beyond that of the 
matrix values.

Key Words: Phytase, Super-dose, Xylanase, Broiler

M67 Effects of increasing phytase levels on broiler growth 
performance and nutrient digestibility through 14 days of age Hunter 
Walters*GS1, Kyle Brown1, Danny Portillo1, Mike Coelho2, Peter Ader2, 
Jason Lee1 1Texas A&M University; 2BASF Corporation
The objective of the current study was to evaluate the impact of increas-
ing levels of phytase in corn-soy diets fed to male broilers in an effort 
to identify reasons for the improvement in growth performance observed 
with super-dosing. The experimental design consisted of 8 diets with the 
positive control (PC) being a standard corn-soybean meal diet with a cal-
culated non-phytate phosphorus level of 4.3g/kg and the negative control 
(NC) being a reduction in non-phytate phosphorus at 2.5 g/kg. Dietary 
treatments were created by dividing the NC diet into six additional treat-
ments consisting of phytase at levels of 250, 500, 750, 1,000, 2,000, and 
3,000 FTU/kg. A total of 3,360 male broilers were assigned to eight di-
ets consisting of 12 replicates per diet with 35 birds per replicate. Birds 
were fed a starter through 14 d of age with all diets being pelleted at 70 C 
with a 15 second conditioning time and crumbled. Average body weight 
(BW), mortality adjusted feed conversion ratio (FCR) and feed consump-
tion were determined on d 14. At the conclusion of the trial (d14), ileal 
contents and tibias from 8 birds per replicate were sampled to determine 
tibia bone ash and digestibility of amino acids, energy, phosphorus, and 
calcium. The reduction of dietary phosphorus in the NC reduced (p<0.05) 
body weight, feed consumption, tibia bone ash, and phosphorus digest-
ibility when compared to the PC diet. Body weight linearly increased 
(p<0.05) with increasing phytase level, and the inclusion 2,000 and 3,000 
FTU/kg of phytase resulted in significantly increased BW compared to the 
PC diet (6.1% and 9.1% increase, respectively). Treatments supplemented 
with all phytase levels exhibited a reduced (p<0.05) FCR when compared 
to the PC. No differences (p<0.05) in calcium digestibility were observed 
between the PC and NC. However, the inclusion of phytase at 250 and 
500 FTU/kg increased (p<0.05) calcium digestibility when compared to 
the PC diet. A linear increase in body weight, feed consumption, tibia bone 
ash, phosphorus digestibility, and amino acid digestibility were observed 
with the increasing levels of phytase in the diet. In the current study, ele-
vated levels of phytase were able to outperform a PC diet which correlated 
with increasing nutrient digestibility.

Key Words: phytase, broiler, performance, growth, digestibility
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M68 Effects of phytase on phosphorus utilization in broiler chicks 
depend on dose rate and dietary formulation Alyson Gautier*GS1, Carrie 
Walk2, Ryan Dilger1 1University of Illinois; 2AB Vista
The effects of microbial phytase dose rate on bone mineralization, tissue 
P content and apparent digestibility in broilers fed diets with varying phy-
tase matrices applied were evaluated. Ross 308 male broiler chicks (240 in 
total) were housed in battery cages from d 2 to 23 post-hatch. At 2 d of age, 
chicks were provided 1 of 6 experimental diets arranged as a 2 x 3 factorial 
with 2 levels of phytase (0 or 1,500 FTU/kg; Quantum Blue, AB Vista, 
UK) and 3 phytase matrices (no matrix, phytase applied over the top; 500 
FTU/kg matrix of 0.15% available P (avP) and 0.16% Ca; and 1500 FTU/
kg matrix of 0.21% avP and 0.23% Ca). Experimental diets were fed in 
mash form to 5 birds per pen, with 8 replicate pens treatment. At 23 d of 
age, all chicks were euthanized for collection of muscle, spleen, and liver 
tissues, whole tibia, as well as ileal digesta and excreta. Data were sub-
jected to ANOVA, with the model including phytase dose, phytase matrix, 
and their interaction. Concentrations of P in muscle and liver were not 
affected by treatment (P > 0.05), but the addition of phytase increased 
(P < 0.05) P concentrations in spleen from 11.6 to 12.1 g/kg. Phosphorus 
content of dried, defatted tibias was influenced by the phytase matrix (P < 
0.05), with birds fed the diets with no applied matrix exhibiting the highest 
P concentrations. Interactive effects (P < 0.01) were observed for apparent 
ileal (AID) and total tract (ATTD) digestibility of P, where phytase addi-
tion improved AID and ATTD in diets containing the 500 or 1500 FTU/
kg matrix. Similarly, an interactive effect (P < 0.01) was observed for 
ATTD of Ca, where phytase addition resulted in a decrease in ATTD of 
Ca in birds fed diets with no matrix applied, but increased ATTD in birds 
fed the 500 or 1500 FTU/kg matrix. In contrast, only a main effect (P < 
0.01) of phytase matrix was observed for AID of Ca, with the birds fed the 
500 FTU/kg matrix having the lowest AID of Ca compared to birds fed 
diets with no matrix or 1500 FTU/kg matrix applied. In conclusion, a high 
dose (1500 FTU/kg) of microbial phytase resulted in increased concentra-
tions of P in the spleen, while tibia P and apparent digestibility responses 
depended on the mineral matrix applied to the diet.

Key Words: broiler, bone ash, tissue, phytase

M69 Maintenance energy requirements in modern broilers fed 
exogenous enzymes Justina Caldas Cueva*GS, Katie Hilton, Nirun 
Boonsinchai, Garrett Mullenix, Judith England, Craig Coon University of 
Arkansas
Maintenance energy requirement is the biggest component of the energy 
necessities for poultry (40 - 65%). Exogenous enzymes have been shown 
to decrease heat production (HP) in broilers. HP biggest component is 
maintenance energy suggesting enzymes are reducing the maintenance 
needs. The present study determined the maintenance needs of modern 
broilers with and without enzymes. Two trials with 100 and 360 Cobb 
male broilers were conducted with feeding levels (10 – 50% trial 1; 16 – 
22 d, and 30 – 100% trial 2; 16 – 27d). In trial 2 a negative control (NC) 
and NC + Enz (multi-enzyme composite: glucanase + xylanase + protease 
+ phytase) were studied. The light program was 18 h light: 6 h dark and the 
temperature 27 °C - 22 °C. The retained energy RE (kcal) was evaluated 
as protein gain g * 5.66 kcal/g + fat gain * 9.35 kcal/g. Linear regression 
(RE kcal/kg0.70 by ME intake kcal/kg0.70), and logarithmic model (HP kcal/
kg0.70 = a * e (b * MEI)) were fitted. MEm was determined as MEI at zero re-
tention and NEm was determined from the logarithmic equation (a). The 
MEm requirement was 152 ± 8 kcal/kg0.70 (R2, 0.91) and 128 ± 6 kcal/kg0.70 

(R2, 0.98) for trial 1 and 2 (only NC) respectively (P<0.01). The NEm 
was 97.2 ± 8 kcal/kg0.70 (R2, 0.87) and 97.9 ± 6 kcal/kg0.70 (R2, 0.95) for 
trial 1 and 2 (only NC) respectively (P<0.01). The NC + Enz produced a 
lower MEm of 8.5 kcal/kg0.70 which represents 6.6% of the maintenance 
energy requirement (P<0.01). When this value was expressed as kg of 
feed intake the energy savings ranged from 75 kcal at ad libitum intake 
to 236 kcal at maintenance intake. The MEm for broilers at 22 °C in trial 
2 (128 kcal/kg0.70) is in close agreement with other researchers (112 kcal/
kg0.70 Sakomura, 2004). The MEm in trial 1 (152) resembles the require-
ment of broilers housed in cooler T (158 kcal/kg; 13°C, Sakomura, 2004) 
suggesting the birds were needing extra maintenance energy to stay warm 
because of the low range of feeding levels compared to trial 2. To the au-
thor’s knowledge, this is the first work to evaluate maintenance energy by 
linear regression with a multi-enzyme composite. Further investigation is 
needed to understand the mechanisms by which enzymes are decreasing 
the maintenance energy requirement for broilers. 

Key Words: Maintenance, Energy, Enzymes, Broilers

Metabolism & Nutrition II
M70 The effect of exogenous tannase on dietary energy, nutrient 
availability, gastrointestinal tract development and performance when 
different field bean cultivars are fed to chicks Jalil Abdulla*GS1, S Rose1, 
A Mackenzie1, M Mirza1, S Llamas-Moya2, V Pirgozliev1 1Harper Adams 
University; 2Kerry Ingredients & Flavours
The feeding quality of field beans (Vicia faba) is variable and may be af-
fected by the chemical composition of this raw material, particularly the 
level of tannins (Ravindran & Blair, 1992). An experiment was designed 
to investigate the effects an of exogenous Aspergillus niger derived tan-
nase (Kerry Ingredients and Flavours) and four diets in which the main 
protein source was either soybean meal (SBM) or one of three field bean 
cultivars with differing hydrolysable tannins content on dietary apparent 
metabolisable energy (AMEn), dry matter (DMR) and nitrogen (NR) re-
tention, and fat digestibility (FD) coefficients, gastrointestinal tract devel-
opment and performance of broilers (from 13 to 21d of age). One hundred 
and forty four (144) male Ross 308 chicks were allocated in a randomised 
block design to one of the nine replicate cages (2 birds per cage) and eight 
experimental diets arranged in a 2x4 factorial design (enzyme x diet). Tan-
nase was supplemented at 3400 TU/kg feed. Wheat-based diets were for-
mulated with 30% SBM or equivalent level of field beans from cultivars 
Maris Beads (MB), Sultan (S), and Wizard (W) as the main protein source. 
The hydrolysable tannins content of the field beans cultivars was 3.5, 7.3 
and 12.3 (g/kg DM) for MB, S, and W, respectively. Enzyme-supplemen-

tation improved DMR (P<0.05), AMEn, FD and NR (P<0.001). Feeding 
tannase reduced (P<0.001) ileal digesta viscosity and improved (P<0.001) 
feed conversion (FCR). Birds fed tannase had reduced (P<0.05) size of the 
pancreas. Overall, compared to SMB, field bean diets had higher ME and 
DMR (P<0.001), but reduced (P<0.001) NR. Birds fed SBM had higher 
(P<0.05) feed intake, and weight gain (P<0.001), although birds fed Sul-
tan based diet had poorer FCR (P<0.001). Tannase reduced (P<0.05) the 
size of the proventriculus and gizzard of birds fed field bean diets but not 
in SBM. Birds fed SBM had reduced (P<0.05) size of the pancreas com-
pared to birds fed field beans. The data from the present study shows that 
tannase improves feeding value of all diets independent of their tannin 
contents. However, the results on gastrointestinal tract development sug-
gest that further research on dietary tannin contents and tannase inclusion 
rates is warranted.

Key Words: tannase, field beans, AME, chicks, growth performance

M71 Phase one laying hens performance of Hy-line Brown laying 
fed soybean and soybean free diets using caged and cage free rearing 
system Morouj Al-Ajeeli*GS, Yasser Jameel, Mohammed Hashim, Hector 
Leyva-Jimenez, Christopher Bailey Texas A&M University
Table egg quality is a major consumer concern in the U.S. The objective of 
this study was to evaluate soybean and soybean-free diets fed to Hy-Line 
Brown Commercial Layers based on egg production and quality param-
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eters. A total of 246 layers 20 wks old were divided into 2 groups (120 
hens) housed individually in wire cages and (126 hens) housed in a cage 
free rearing system. The cage system consisted of 6 replicates/treatment 
of 10 birds/ replicate, and the cage free system consisted of 3 replicates/
treatment of 21 birds/ replicate. Diets were formulated based on the nutri-
ent requirements suggested by the management guide for those hens. Feed 
and water were offered ad libitum, and the hens were checked twice daily. 
All methods were approved by the TAMU Animal Care and Use Com-
mittee. Feed consumption was accessed every 2 wks and body weight 
was recorded every 28 d during the experiment for both facilities. Eggs 
were collected daily and egg weight (g) was recorded weekly. Egg quality 
data was collected at 2 wk intervals during the study to evaluate albumen 
height (mm), shell thickness, eggshell strength, and Haugh unit. For both 
facilities, results indicated that egg weight was greater in hens fed the soy-
bean meal diet (53.5, 50.5 g cage and cage free respectively) than soybean 
free diet (51.1, 47.8 g cage and cage free respectively) after only 2 wks of 
feeding (P < 0.05). For egg production, there was no significant difference 
between diets in cages system. However, in the cage-free system, hens fed 
the soybean diet produced significantly more eggs (P < 0.05) beginning at 
26 wks of age. Feed conversion ratio (g egg/g feed) was significantly bet-
ter (P < 0.05) in the cage system for hens fed the soybean diet beginning at 
22 wks of age, and cage free system beginning at 25 wks of age. For egg 
quality parameters, dietary treatments had no effect for either rearing sys-
tems. In conclusion, the soybean free diet can be a substitute diet to typical 
soybean diet with no impact on egg quality characteristics although it may 
influence egg weight and feed conversion ratio. 

Key Words: brown eggs, egg production, egg quality, soybean diet, 
housing system

M72 Comparison of three phytases in broiler chickens Joshua Jendza*1, 
Peter Ader2, Pengcheng Xue3, Sunday Adedokun4, Olayiwola Adeola3 
1BASF Corp.; 2BASF SE; 3Purdue University; 4University of Kentucky
Growth performance response of male broiler chickens to 3 phytases were 
compared in a 42-d study. Birds were assigned to 96 pens in a randomized 
complete block design with 25 birds/pen, 8 pens/treatment, and 12 treat-
ments. Treatments consisted of a positive control (PC), a negative control 
(NC) with P, Ca, and N reduced by 1.6, 1.2, and 18 g/kg, respectively, the 
NC + 4 levels of phytase A (phyA; 250, 500, 750, 1,000 FTU/kg), 3 levels 
of phytase B (phyB; 250, 500, 750 FTU/kg), and 3 levels of phytase C 
(phyC; 500, 750, 1,000 FYT/kg). Performance and tibia ash were deter-
mined at d 21 and 42, and digesta was collected on d 21. Data were ana-
lyzed as a randomized complete block design. The NC reduced (P < 0.05) 
all measures of performance and digestibility relative to the PC except for 
d 42 percent tibia ash. All 3 enzymes linearly improved (P < 0.01) BW, 
gain, tibia ash weight, FI, and G:F, as well as linearly (P < 0.01) and qua-
dratically (P < 0.05) improved the AID of P. Maximum improvement in 
42-d BW, ADG, G:F, and tibia ash were similar across phytases. Tibia ash 
for birds fed 1,000 FTU phyA was second only to birds fed the PC at d 21 
(960 vs 1,020 mg/bone) and d 42 (3,020 vs 3,180 mg/bone). The AID of P 
in birds fed phyB and phyC is best described as quadratic (peaking at 62.6 
and 60.4%, respectively), but phyA increased to a plateau of 63.9% ac-
cording to the mechanistic growth model. Whereas AID of energy in birds 
fed phyA and phyB is best described as quadratic (peaking at 75.8 and 
75.3%, respectively), it was linear and only reached 74.4% at 1,000 FYT/
kg in birds fed phyC. The inclusion of phyA, phyB, and phyC increased 
AID of Met by up to 5.3, 3.4, and 3.8%-points, respectively, and Met + 
Cys digestibility by 8.8, 5.9, and 6.1%-points, respectively. In conclusion, 
all 3 phytases were capable of improving performance, digestibility, and 
bone ash of broilers fed a P and Ca deficient diet, but there are substantial 
differences in the shape of the dose response curves for each enzyme.

Key Words: ash, broilers, digestibility, performance, phytase

M73 Development of a new standard protocol for evaluating phytase 
potential in broiler chicks Joshua Jendza*1, Dieter Feuerstein2, Fengrui 
Zhang3, Olayiwola Adeola3 1BASF Corp.; 2BASF SE; 3Purdue University
A trial was conducted to examine possible interaction between age of 
broiler chicks at first exposure to P-deficient diets and the severity of P 
deficiency, with the goal of developing a new standard protocol for dem-
onstrating the potential of a novel phytase. A total of 384 male 5-d old 
chicks were assigned to 48 battery cages based on a randomized complete 
block design. Treatments consisted of a 2 x 3 factorial arrangement of 
non-phytate P (1.5 or 1.3 g/kg) and age at first exposure to P-deficient diet 
(5, 6, or 7 d post-hatching). Prior to feeding P-deficient diets, all chicks 
consumed a common pre-starter diet containing 7.7, 5.1, and 10.0 g/kg P, 
non-phytate P (nPP), and Ca, respectively. Chicks were provided their re-
spective P-deficient diets for 7 d, over which time gain and FI were moni-
tored, and then euthanized for tibia ash. Performance, mortality, and tibia 
ash were analyzed as a 2 x 3 factorial, with mortality being analyzed as 
a poisson distribution using a generalized linear model. As expected, the 
main effect of age was for BW, gain, FI, and tibia ash increase as the age 
of the birds increased from 5 to 7 d post-hatching (linear; P < 0.01). Birds 
fed the lowest nPP diet grew slower (350 vs 373 g/d; P = 0.04), tended to 
be less efficient in their feed utilization (G:F of 686 vs 728 g/kg; P = 0.06), 
and had lower final tibia ash (282 vs 307 mg/bone; P = 0.04). The only 
significant interaction between age of broiler chicks at first exposure to P-
deficient diets and the severity of P deficiency was seen for mortality (P = 
0.01). Generally, mortality decreased the older the chicks were when start-
ed on the P-deficient diet, but (somewhat paradoxically) the effect was 
less pronounced in chicks fed a diet containing 1.5 g/kg nPP than in chicks 
fed the 1.3 g/kg nPP diet (P < 0.05). An ideal phytase evaluation model 
will supply as little intrinsically digestible P as possible without increasing 
mortality. Based on these results, it was decided that feeding a diet with 
1.3 g/kg nPP for 7 d starting at d 7 post-hatching would be optimal.

Key Words: Ash, Broilers, Mortality, Phosphorus

M74 Validation of a new standard protocol for evaluating phytase 
potential in broiler chicks Joshua Jendza*1, Peter Ader2, Dieter Feuerstein2, 
Fengrui Zhang3, Olayiwola Adeola3 1BASF Corp.; 2BASF SE; 3Purdue 
University
The objective of this trial was to evaluate a novel phytase (NPE). Male 
broilers were assigned to 96 battery cages (8 birds/cage) and 12 treatments 
based on BW in a randomized complete block design on d 7. Treatments 
consisted of the NC (no supplemental inorganic P (iP), NC + 0.5, 0.9, 1.3, 
1.7, and 2.1 g/kg iP from mono-calcium phosphate (MCP), and NC + 250, 
500, 750, 1,000, 1,500, and 2,000 FTU/kg from NPE were fed for 14 d. 
Excreta was collected by cage on d 19 to 21. On d 21 birds and remain-
ing feed were weighed for performance evaluation and 5 birds/cage were 
euthanized for ileal digesta and tibia collection. Contrasts and regressions 
were used to characterize the response to supplemental iP from MCP and 
phytase. Both MCP and NPE resulted in linear improvements in gain, feed 
intake, and tibia ash (P < 0.01), but only NPE resulted in a linear improve-
ment in feed efficiency (P < 0.01). Birds fed the NC + 2,000 FTU were 
46 g heavier at d 21, and grew 8% faster than birds fed the P-adequate 
NC + 2.1 g iP from MCP diet (581 vs 536 g/d). The phytase fed birds also 
picked up 3.7 points of feed efficiency over the MCP supplemented birds 
(0.772 vs 0.735) at their highest respective doses. Supplemental MCP 
improved Ca and P retention, and AID of P (P < 0.01) but not Ca (P < 
0.10). Supplemental NPE improved AID and retention of Ca and P (P 
< 0.01). Goodness-of-fit tests determined bird performance and mineral 
retention responses to phytase were best characterized by a non-linear pla-
teau model, whereas the response to MCP was best characterized by a 
linear model. This makes a single FTU to iP from MCP conversion factor 
impossible, but still allows for the calculation of conversion equations. 
Based on these equations it was determined that 547, 741, and 743 FTU/
kg of NPE were able to replace the 2.1 g iP from MCP for gain, feed 
intake, and feed efficiency, respectively. Apparent retention in response 
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to supplemental phytase plateaued at 0.866 and 0.620 for P and Ca, re-
spectively, and AID plateaued at 0.841 and 0.730, respectively. Birds fed 
the highest level of supplemental MCP are predicted to have retained 2.06 
g P/d, which equates to approximately 1,700 FTU/kg from NPE. Higher 
doses of NPE were able to achieve performance greater than the NC + 2.1 
g iP from MCP.

Key Words: Ash, Broilers, Digestibility, Phosphorus, Retention

M75 Effect of exogenous xylanase, amylase and protease as single 
or combined activities on growth performance of broilers fed corn/
soybean meal-based diets Ahmed Amerah*1, Luis Romero1, Ajay Awati1, 
Velmurugu Ravindran2 1Danisco Animal Nutrition, DuPont Industrial 
Biosciences; 2Massey University
The aim of the present experiment was to examine the effect of exogenous 
xylanase (X), amylase (A) and protease (P) as single or combined activities 
(XAP) on the performance of broilers fed corn/soybean meal-based diets. 
A nutritionally adequate, positive control (PC) diet was formulated. The 
negative control (NC) diet was formulated to be lower in metabolizable 
energy (~86 kcal/kg diet) and amino acids compared to PC. The other 4 
treatments were based on the NC and they were either supplemented with 
X, A, P or a combination of X, A and P (to provide 2000 U of X, 200 U of 
A, and 4000 U of P/kg diet). All diets contained phytase (1000 FTU/kg) 
which contributed 0.15% AvP and 0.13% Ca. Each diet was fed ad libitum 
to 10 pens of 20 male broilers (Ross 308). Data were subjected to one-
way ANOVA and means were separated by Student’s test. In the starter 
phase (1-21d), both X and XAP improved (P<0.05) weight gain (WG) and 
FCR compared to NC. In the finisher phase (21-42d), only XAP improved 
(P<0.05) FCR compared to NC (1.63 vs 1.71, respectively). Over the en-
tire period (1–42d), WG was not influenced (P>0.05) by dietary treatment. 
Both, X and XAP had lower (P<0.05) FCR compared to NC (1.54 and 
1.51 vs 1.57, respectively). However, birds fed diet supplemented with 
XAP had better (P<0.05) FCR compared to birds fed single activities. In 
conclusion, a combination of X, A and P improved broiler performance 
compared to birds fed diets supplemented with a single enzyme activity. 

Key Words: broiler, individual enzymes, multienzyme product

M76 Effect of commercial exogenous proteases and carbohydrases on 
nitrogen and standardized ileal amino acid digestibility of canola meal, 
sunflower meal, and meat and bone meal in broilers fed semi-purified 
diets Ahmed Amerah*1, Luis Romero1, Velmurugu Ravindran2 1Danisco 
Animal Nutrition, DuPont Industrial Biosciences; 2Massey University
Three simultaneous trials were conducted to evaluate the effect of differ-
ent commercial exogenous enzymes on nitrogen (N) and standardized ile-
al amino acid digestibility (SIAAD) of canola meal (CM), sunflower meal 
(SFM), and meat and bone meal (MBM) in broilers fed semi-purified di-
ets. 416, 25d old broiler chicks (Ross 308) were allocated on weight basis 
to 104 cages. Experimental diets were fed from 25 to 34d. Ileal digesta was 
collected on d34 for the determination of nutrient digestibilities. Data were 
subjected to one-way ANOVA and means were separated by Student’s t-
test. In Exp.1 the 6 dietary treatments were: control CM (CCM); CM + 
protease A (PA; expressed in Bacillus subtilis); CM + protease B (PB; 
expressed in Bacillus licheniformis); CM + xylanase X (XA; expressed 
in Trichoderma longibrachiatum); CM + xylanase B (XB; expressed in 
Trichoderma longibrachiatum); CM + a combination of XA, amylase and 
PA (XAP; amylase expressed in Bacillus licheniformis). In Exp.2 the 3 
dietary treatments were: control SFM (CSFM); SFM + XAP; SFM + XB. 
In Exp.3 the 3 dietary treatments were: control MBM (CMBM); MBM 
+ PA; MBM + PB. Protein-free diet was used to determine the endog-
enous AA losses for the calculation of true digestibility values. In Exp.1 
XAP and PA improved (P<0.05) N digestibility compared to CCM and 
PB. XAP and PA improved (P<0.05) SIAAD of Pro and Gly compared to 
PB. XAP and PA tended (P=0.05) to improve SIAAD of Lys compared to 
CCM and PB treatments. In Exp.2 XAP improved (P<0.05) N and SIAAD 
digestibility of Lys and Cys compared to CSFM and XB. XAP tended 

(P=0.06) to improve SIAAD of Met compared to XB. In Exp.3 PA im-
proved (P<0.05) N and SIAAD digestibility of Val, Iso, Leu, Tyr and Phe 
compared to CMBM and PB. Both PA and PB improved (P<0.05) SIAAD 
digestibility of His and Lys compared to CMBM. PA improved (P<0.05) 
SIAAD digestibility of Thr and Ser compared to CMBM. In conclusion, 
the response of N digestibility and SIAAD of CM, SFM and MBM varied 
depending on enzyme product. Enzymes combination may be required to 
improve nutrient digestibility of some vegetable proteins.

Key Words: Broilers, Digestibility, Protease, Carbohydrase, Vegetable 
proteins

M77 Effects of a novel xylanase enzyme on broiler performance and 
intestinal viscosity Roger Davin*1, Fenglan Yan2, Jonny Lyon3, Mercedes 
Vázquez-Añón2 1University of Missouri; 2Novus International Inc.; 
3Verenium Corporation
A floor pen trial was conducted to evaluate response of a thermostable xy-
lanase (Cibenza® Xylaverse™, Novus International Inc.) in broilers fed 
wheat soy based diets. A three-phase feeding program was used: starter 
(0-22 d), grower (22- 35 d), and finisher (35-44 d) phases. Diets were in 
pellet form except starter diets, which were crumbled. The study consisted 
of 9 dietary treatments including a positive control (PC) and two negative 
control treatments with 100 kcal/kg less ME, NC and NC30%. All control 
diets used wheat as the sole cereal grain except NC30% which contained 
30% wheat. Xylanase was added to NC at 0, 250, 500, 750, 1000 U/kg 
and to NC30% at 0, 500, and 1000 U/kg. Each treatment had 8 replicate 
pens of 22 male broilers. Body weight, feed intake, FCR, and mortality 
were determined at 22, 35, and 42 d. On d 21 and 43 two birds per pen 
were killed to measure the weight of proventriculus, gizzard, small intes-
tine and cecum contents, and pancreas. Small intestine digesta was ana-
lyzed for viscosity. Carcass parameters were obtained on d 44 from five 
birds per pen. Data were analyzed with one way ANOVA and orthogonal 
polynomial contrasts were used to test the linear and quadratic effects -of 
xylanase in NC diets, a P-value ≤ 0.05 was considered significantly differ-
ent. Body weight was not affected by treatment throughout the trial except 
on d 21 which xylanase showed a quadratic response; greatest value was 
reached by NC30% _1000 U/kg (1.154 kg). Reduction of ME by 100 kcal/
kg increased FCR by 5.7 points on d 35 and by 4.9 points on d 42; this 
increase was counteracted by xylanase at 500 and 750 U/g (1.56 vs. 1.53 
and 1.52 on d 35; 1.71 vs. 1.66 and 1.65 on d 42). Xylanase reduced FCR 
in a quadratic manner on d 35 and 42; no differences were detected on 
NC30% diets. Broilers fed 100 kcal/kg less ME consumed 148 g (2.6%) 
more feed throughout the experiment; xylanase at 500, 750 and 1000 U/
kg decreased overall feed intake by 276, 220 and 223 g (4.90, 3.89 and 
3.94%, respectively). Xylanase effect on gut weights and carcass parame-
ters was inconsistent. All xylanase levels reduced digesta viscosity on d 21 
and 42 in both NC and NC30% diets. In summary, xylanase supplementa-
tion reduced digesta viscosity and moderate levels of xylanase (500-750 
U/kg) improved FCR in broilers fed wheat based diets.

Key Words: broiler, growth performance, viscosity, wheat, xylanase

M78 Effects of functional oils on performance parameters of broiler 
chickens under two different ambient temperatures. Joan Torrent*1, 
Ernesto Ávila González2, Carlos López Coello2, José Arce Menocal3 
1Oligo Basics USA LLC; 2Depto. de Medicina y Zootecnia de Aves, FMVZ-
UNAM; 3Universidad Michoacana de San Nicolás de Hidalgo
The effects of supplementing a commercial mixture of functional oils (Es-
sential, Oligo Basics USA LLC, Wilmington, DE; active ingredients: ca-
shew nut shell oil and castor oil), on performance and carcass parameters 
were evaluated in broiler chickens under two different ambient tempera-
tures. A total of 2,240 mixed sex one-day old chickens, with an average 
initial weight of 45 g, were sorted by weight, randomized among 28 floor 
pens with 80 chickens per pen, and assigned to one of four dietary treat-
ments in a 2 x 2 factorial design with two ambient temperatures (moderate 
or high) and two levels of Essential supplementation (0 or 1.5 kg/ton). 
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Ambient temperatures and humidities averaged 21.4 ± 3.2oC and 81.2 
±10.4%, and 24.1 ± 5.0oC and 72.8 ± 10.4% for the moderate and high 
ambient temperature, respectively. Neither ambient temperature nor Es-
sential affected intake. However, Essential supplementation increased live 
weight at d 42 (2.593 vs 2.553 kg; P < 0.01). Feed conversion was not 
significantly affected by ambient temperature, but tended to be better for 
the birds supplemented with Essential when it was not corrected for mor-
tality (P = 0.07). However, when the FCR was corrected for mortality and 
weight (2.5 kg), birds supplemented with Essential were more efficient 
(1.565 vs 1.598; P = 0.03). Mortality was increased by high ambient tem-
peratures (P < 0.01), but was not affected by Essential. Both high ambient 
temperature and Essential increased carcass yield (P < 0.01). Breast yield, 
both in weight and percentage, was increased by Essential supplementa-
tion (P < 0.01) and by an ambient temperature by Essential supplementa-
tion interaction (P < 0.01). Whereas, high ambient temperatures decreased 
breast yield when Essential was not supplemented, breast yield was not 
decreased in birds supplemented with Essential. Whereas leg + thigh 
yields were not affected by Essential, high ambient temperatures increased 
both their weights and percentage (P < 0.01). Neither ambient temperature 
nor Essential affected the pigmentation of the birds. In conclusion, where-
as Essential supplementation improved weight gains, feed gain ratios and 
carcass characteristics, high ambient temperatures decreased breast and 
increased leg + thigh yields when Essential was not supplemented.

Key Words: Functional oils, carcass characteristics, ambient temperature

M79 Oregano essential oil improves nutrient absorption capacity in 
healthy broilers Diego Martínez*1, Carlos Vílchez2 1LIAN Development & 
Service; 2Universidad Nacional Agraria La Molina
In order to evaluate the effect of oregano essential oil (OEO) supplemen-
tation to unchallenged broilers on intestinal histological morphometry, 
nutrient absorption capacity and productive performance, 128 male Cobb 
500 broiler chicks were placed in 16 cages containing rice husk litter and 
assigned to one of two diets: D1, control diet; D2, control diet plus OEO 
(500 ppm Orevitol®). Chicks were fed a mash diet based on corn, soybean 
meal and fish meal, formulated according to Cobb recommendations, ex-
cept protein (26% CP; 3028 kcalEM/kg). At d 14 one chick per cage was 
taken to obtain samples of duodenum (DU), jejunum (JE) and ileum (IL). 
Samples were fixed on buffered formaldehyde 4% solution and stained 
with hematoxylin and eosin. The evaluated variables in each intestinal 
section were focused on villus (V) and crypt (C) (length, L; width, W; sur-
face area, A; and shape index, I), on the relation between them in terms of 
lengths (VL/CL) and surface areas (VA/CA), mitosis index (number/crypt 
longitudinal cross section area; MI), goblet cell density (GD) and area 
(GA), and mucus production (% of villus longitudinal cross section area; 
MP). Daily weight gain (WG), feed conversion ratio (FC) and carcass 
yield (CY) were also evaluated. Data was processed using a 2x3 factorial 
arrangement in a CRD (two diets and three intestinal sections) for histo-
logical variables and a simple CRD with two treatments (diets) for per-
formance variables, by using the GLM procedure of SAS and Duncan’s 
test. Differences were found by intestinal section on VL, VI, VA, VL/CL, 

VA/CA (P<0.01), GA (P<0.02) and VW (P<0.05), being higher as more 
proximal the location was; and on GD, MP (P<0.01) and MI (P<0.08), be-
ing higher as more distal the section was. The OEO produced higher VL, 
MP (P<0.01), VA (P<0.02), VL/CL, VA/CA (P<0.03) and GD (P<0.04) 
without interaction effect with the intestinal section (P>0.09). OEO also 
improved WG, FC (P<0.01) and CY (P<0.07). In conclusion, OEO im-
proves intestinal histological morphometry, nutrient absorption capacity 
and performance even in unchallenged broilers.

Key Words: oregano essential oil, intestinal histology, villus, crypt, 
absorption capacity

M80 Effects of four dietary oils on cholesterol and fatty acid 
composition of egg yolk in layers Adebisi Agboola*, Richard Omidiwura, 
Ademola Oyeyemi, Eustace Iyayi, Solomon Adelani University of Ibadan
Dietary cholesterol has elicited the most public interest as it relates with 
coronary heart disease. Thus, humans have been paying more attention to 
health, thereby reducing consumption of cholesterol enriched food. Egg 
is considered as one of the major sources of human dietary cholesterol. 
However, an alternative way to reduce the potential cholesterolemic ef-
fect of eggs is to modify the fatty acid composition of the yolk. The effect 
of palm oil (PO), soyabean oil (SO), sesame seed oil (SSO) and fish oil 
(FO) supplementation in the diets of layers on egg yolk fatty acid, cho-
lesterol, egg production and egg quality parameters was evaluated in a 
42-day feeding trial. One hundred and five Isa Brown laying hens of 34 
weeks of age were randomly distributed into seven groups of five rep-
licates and three birds per replicate in a completely randomized design. 
Seven corn-soyabean basal diets (BD) were formulated: BD+No oil (T1), 
BD+1.5% PO (T2), BD+1.5% SO (T3), BD+1.5% SSO (T4), BD+1.5% 
FO (T5), BD+0.75% SO+0.75% FO (T6) and BD+0.75% SSO+0.75% FO 
(T7). Five eggs were randomly sampled at day 42 from each replicate to 
assay for the cholesterol, fatty acid profile of egg yolk and egg quality 
assessment. Results showed that there were no significant (P>0.05) differ-
ences observed in production performance, egg cholesterol and egg qual-
ity parameters except for yolk height, albumen height, yolk index, egg 
shape index, haugh unit, and yolk colour. There were no significant differ-
ences (P>0.05) observed in total cholesterol, high density lipoprotein and 
low density lipoprotein levels of egg yolk across the treatments. However, 
diets had effect (P<0.05) on TAG (triacylglycerol) and VLDL (very low 
density lipoprotein) of the egg yolk. The highest TAG (603.78 mg/dl) and 
VLDL values (120.76 mg/dl) were recorded in eggs of hens on T4 (1.5% 
sesame seed oil) and was similar to those on T3 (1.5% soyabean oil), T5 
(1.5% fish oil) and T6 (0.75% soyabean oil + 0.75% fish oil). However, 
results revealed a significant (P<0.05) variations on eggs’ summation of 
polyunsaturated fatty acid (PUFA). In conclusion, it is suggested that di-
etary oils used in this study could be included in layers’ diets to produce 
designer eggs low in cholesterol and high in PUFA especially omega-3 
fatty acids.

Key Words: Dietary oils, Egg cholesterol, Egg fatty acid profile, Egg 
quality parameters

Environment Management I
M81 Performance of warm regions’ laying chickens under prolonged 
natural heating conditions Essam El-Gendy* Cairo University
The negative impact of natural heating conditions on the performance of 
local chickens in warm regions is always minimal, but it becomes pro-
nounced when heating waves extend for long time. The objective of this 
study was to monitor egg production of different native genetic groups 
under prolonged natural heating conditions during the summer in Egypt. 
The genetic groups were normally-feathered line CE1 and naked-neck 
line CE3 and both are selected 11 generations for 6-wk BW, the normally-
feathered genetic control line CE2 and the naked-neck genetic control 

line CE4 and Sinai Bedouin fowl. Lines CE1, CE2, CE3 and CE4 have 
been derived from a native population that naturally orientates the hu-
mid warm environment, whereas Sinai Bedouin fowl adapt the dry des-
ert environment. The performance of laying hens and egg characteristics 
were obtained for 18 days starting one month post maturation. During 
the experimental period, the upper ambient temperature ranged 33-37˚C 
with an average of 35.2˚C, the lowest temperature ranged 23-27˚C with 
an average of 24.3˚C and the average temperature/day was 29.8˚C. The 
maximum humidity ranged 69-100%RH with an average of 86.2%RH, 
the minimum humidity ranged 11-43%RH with an average of 21.6%RH, 
and the average humidity/day was 57%RH. The selected lines CE1and 
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CE3 and Sinai Bedouin showed similar egg weights of 41.9-42.6 g; how-
ever line CE2 significantly showed lowest egg weight of 39.7 g. Total egg 
number varied from 4.9 to 6.7, but the differences were not significant. 
The rate of egg formation ranged between 0.30 egg/day in Sinai Bedouin 
and 0.37 egg/day in line CE2. Line CE2 showed significantly low yolk 
percentage of 29.3% and high shell percentage of 16.2% vs. insignificant 
ranges of 30.1-31.0% and 14.4-15.1% for both traits respectively in the 
other groups. CE4 had significantly the narrowest egg width of 3.5 cm 
vs. insignificant differences in the other groups, however egg length and 
shape index were not differed between the genetic groups. The results re-
vealed that all genetic groups have overcome the prolonged heating condi-
tions by reducing the rate of egg production.

Key Words: Egg production, Egg characteristics, Warm regions’ 
chickens, Prolonged natural heating conditions

M82 Evaluation of an alternative dry chlorine product as a poultry 
drinking water sanitizer Samantha Cox*GS1, Tyler Clark1, Geetha Kumar-
Phillips1, Antonio Beitia1, Alissa Robbins2, Callie Mccreery1, Susan 
Watkins1 1University of Arkansas; 2Missouri Southern State University
Chlorine is a commonly used drinking water disinfectant in the poultry 
industry because it is economical and easy to use.  Primary methods of use 
are: chlorine gas, sodium hypochlorite (liquid bleach, LB) or the calcium 
hypochlorite pellet form. When added to water, chlorine gas lowers pH, 
while the second two raise the pH resulting in a reduced sanitizing ef-
ficacy of the chlorine residual. Green Klean® Bleach Crystals (BC) have 
been approved for use in poultry drinking water as a chlorine sanitizer. 
The main components of this neutral stabilized dry product are sodium 
dichloroisocyanurate dehydrate (98 – 100 %) and sodium chloride (0.1 – 
1%). The objective of this experiment was to compare BC to LB (6.25% 
concentrate) for efficacy as a poultry drinking water sanitizer when either 
product are added to water and to also determine if temperature of the 
water used to dissolve the products can affect efficacy. A stock solution 
was made by mixing 29.5mL of LB and 946ml of tap water that had been 
de-chlorinated. A second stock solution was made by mixing 2.50g of BC 
was mixed into 1,893ml of water. Each stock solution was prepared at 
temperatures of either 10C° or 24C°. Next, 1ml of each stock solution for 
each product was added to three beakers containing 128ml of microbial 
rich water (APC=4.69 Log10). Three beakers of untreated water served 
as the control (C). Initial APC levels were determined and then 0, 15 and 
60 minutes after the products were added. Free chlorine residual (Cl) and 
Oxidation Reduction Potential (ORP) were also measured. Temperature 
of stock solution did not impact efficacy of either product. As compared to 
the C, LB and BC both resulted in significantly lower APC levels (2-3 log 
reduction) with similar final APC for both products. LB gave the highest 
ORP (645 mV), followed by BC (560mV), and C ORP remained at 388 
mV. LB had the highest pH compared to the C and BC (7.80, 7.59, 7.56; 
LB, C, BC, respectively, (p=.0001)). Monitoring Cl residuals over time, 
LB significantly declined by 60 minutes (from 1.2 ppm to .6 ppm) while 
the BC remained steady from 0 to 60 minutes (~1ppm).

Key Words: Water Quality, waterline, sanitizer, disinfectant

M83 Application of a commercially available cleaner and disinfectant 
via a compressed air foam system to decrease aerobic bacteria in 
pullet and layer houses Dima White*GS, Aaron Kiess, Tom Tabler, Chris 
Mcdaniel, Yuhua Farnell, Shailesh Gurung, Marcelo Moreira, Dan Zhao, 
Morgan Farnell Mississippi State University
The recent highly pathogenic avian influenza outbreak resulted in 
48,091,293 mortalities and cost approximately $700 million to eradicate. 
Therefore, a rapid and effective means to clean and disinfect affected 
poultry premises is needed by the layer industry. We hypothesized that 
commercially available foaming disinfectants and cleaners applied via a 
compressed air foam system (CAFS) may be used to significantly reduce 
aerobic bacteria in a commercial caged layer complex. Five field trials 
were conducted to evaluate industry cleaning and disinfection practices 

and the proposed CAFS application. For the three disinfectant trials, a 
commercially available peroxyacetic acid based disinfectant (PAA) or a 
14% glutaraldehyde/quaternary ammonia blended disinfectant (GLUT/
QAC) was applied by a CAFS to one half of a barn. The remainder of the 
barn was then treated with a 7% GLUT/QAC, which was spray applied 
to the cages by the integrator. For the two cleaner trials, a commercially 
available chlorinated alkaline cleaner (CHL/ALK) was applied by CAFS 
to one half of the barn and the other half of the barn was only treated with 
a high pressure water rinse. Environmental swabs of drinker cups and cage 
floors were collected pre and post treatment to determine if aerobic bacte-
ria were reduced. Significant differences were observed with each of the 
CAFS applications of the PAA product, resulting in bacterial reductions of 
2.15, 2.27 (drinkers) and 1.83, 2.15 (floors) log10 CFU/sample. Although 
inconsistent, some differences (P<0.05) were observed with the spray ap-
plication of a 7% QAC/GLUT with bacterial reductions of 0.42, 0.70, 0.00 
(drinkers) and 0.56, 2.15, 0.84 (floors) log10 CFU/sample. The high pres-
sure water rinse did not decrease bacteria, and the CAFS application of 
CHL/ALK did not consistently reduce bacteria on treated surfaces. The 
CAFS application of the 14% QAC/GLUT resulted in bacterial reductions 
(P<0.05) of 3.11 (drinkers) and 3.63 (floors) log10 CFU/sample. The 14% 
QAC/GLUT was determined to be the most efficacious treatment tested. 
These data suggest that the application of PAA or a 14% QAC/GLUT via 
CAFS may be used to consistently and significantly reduce aerobic bacte-
ria in a commercial layer complex. 

Key Words: compressed air foam system, cleaning and disinfection, 
reportable disease response, aerobic bacteria, layer chicken

M84 Evaluation of the potential influence of the disinfection 
cycle on the efficacy of F-strain Mycoplasma gallisepticum vaccine 
administered by in ovo injection to layer hatching eggs Katie Collins*GS1, 
Scott Branton2, Jeff Evans2, E. David Peebles1 1Mississippi State University; 
2Mississippi USDA-ARS
Post-hatch vaccination is the current commercial method to combat egg 
production losses in layer chickens caused by the bacterial pathogen, My-
coplasma gallisepticum (MG). In ovo vaccination of F-strain MG vaccine 
has proven to be a promising technique for layer chickens in previous 
trials. However, its practical application within current in ovo vaccination 
procedures, employing disinfection after each injection using a 2,500 ppm 
chlorinated solution, is uncertain. The objective of this experiment was 
to determine the ability of FMG to survive the disinfection step to elicit 
a post-hatch immune response in pullets. Two trials were conducted in 
which 5 trays of 72 eggs (Hy-Line W-36 hatching eggs from MG-clean 
breeder flocks) were represented in each of 5 treatments. Treatments were: 
control non-injected eggs, diluent (Poulvac® Marek’s) injected eggs with 
or without a disinfection step, and eggs vaccinated with an FMG vaccine 
(Poulvac® Myco F at 10-6 dilution) with or without a disinfection step. 
Eggs were injected with a 50 µL injection volume at 18 d of incubation 
with a 42-egg capacity Embrex Inovoject machine operated by a trained 
company technician. The FMG vaccine was plated before and after in-
jections. A total of 90 hatched chicks per treatment in both trials were 
raised to 6 wk of age and were bled for Serum Plate Agglutination (SPA) 
and ELISA testing for detection of antibody production against MG. Plate 
counts indicated the eggs were injected with an average of 2.7 cfu in each 
50 µL dose. Hatch data were analyzed using a general linear model. Hatch 
of live embryonated eggs was lower in the FMG with disinfectant treat-
ment with no difference among the other treatments (P=0.04). Birds vac-
cinated with FMG developed antibody responses regardless of employ-
ment of the disinfection step. Overall positive responses in the FMG with 
and without disinfectant treatments were 81.4% SPA and 30.5% ELISA 
and 62.3% SPA and 30.4% ELISA, respectively. With the exception of 
1 ELISA positive bird in the non-injected group in the first trial, birds in 
the non-injected and diluent-injected controls were serologically negative 
in response to FMG. These results indicate that FMG does survive the 
disinfection step of commercial machines and could be readily applied to 
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current commercial procedures of in ovo vaccination with no detriment to 
vaccine efficacy.

Key Words: Mycoplasma gallisepticum, bacteria, layer, in ovo, 
vaccination

M85 Surface application of a lysozyme product to restrict Escherichia 
coli penetration through eggshells Xujie Li*GS, Bruce Rathgeber, Derek 
Anderson Dalhousie University
The transmission of pathogenic bacteria to eggs is a major concern to the 
poultry industry. The application of an egg sanitizer can decrease risk of 
bacterial contamination. Two experiments were conducted to evaluate 
the effectiveness of a lysozyme product against E.coli on eggshells. In 
each experiment, sixty empty and cleaned eggshells were filled with plate 
count agar with 30mg/L nalidixic acid and 0.1mL/L 2, 3, 5- Triphenyl-
tetrazolium chloride as the bacterial activity indicator. The shell opening 
was sealed with paraffin wax to prevent contamination. For Experiment 1, 
sixty agar-filled eggs were randomly divided into four groups with three 
replicates (5 eggs/rep/trt) and inoculated with 5.3 x 107 cfu/mL nalidixic 
acid-resistant E.coli suspension for 1 min. Then eggs were fumigated with 
distilled water (negative control), 1.5% or 3.0% lysozyme solutions or a 
quaternary ammonium product at 0.125% (positive control) for 10 min. 
For Experiment 2, another sixty agar-filled eggs were fumigated with the 
same sanitizer treatments first, and then inoculated with E.coli suspen-
sion for 1 min. All eggs were candled to detect the E.coli growth on the 
interior surface of eggshells after incubation for 48 hours at 37°C. In the 
first experiment, fumigation with 3.0% lysozyme (11 cfu/egg) and 0.125% 
quaternary ammonium (10 cfu/egg) were more effective (P<0.05) against 
E.coli penetration than those fumigated with distilled water (20 cfu/egg). 
In the second experiment, eggs fumigated with 3.0% lysozyme had a 12 
cfu/egg reduction (P<0.05), compared to eggs fumigated with distilled 
water (22 cfu/egg). Overall, 3.0% lysozyme solution demonstrated ac-
ceptable activity against the penetration of E.coli through eggshells when 
applied before or after the introduction of bacteria.

Key Words: lysozyme, egg sanitation, eggshell microbial load, 
Escherichia coli

M86 Effects of heat and crowding stress on commercial turkey hen 
performance supplemented with dietary XPC™ or combined with 
AviCare™ in water. Brooke Bartz*GS1, Jesse Grimes1, Samantha Black1, 
Ilana Barasch1, Don Mcintyre2 1North Carolina State University; 2Diamond 
V
High ambient temperatures and routine management activities, such as 
catching, vaccinations, and social stress, may negatively affect bird per-
formance. This is observed as lethargy, reduced body weight gain, loss of 
feed efficiency and increased mortality. Feed additives such as fermen-
tation-derived products may be effective in reducing stress-associated 
factors and may improve bird performance. The objectives of this study 
were to determine the effects of heat and crowding stress on blood plasma 
corticosterone (C) and performance of turkey hens supplemented with di-
etary XPC or XPC plus AviCare. Day of hatch Nicolas turkey hen poults 
(n=960) were randomly allocated to one of 48 pens with 20 birds/pen, 
and 4 blocks of 12 replicates. A crumble starter 1 was consumed ad lib 
from 0-37d of age and a pelleted starter 2 from d37-62. Pens of birds 
were assigned to one of four treatments: negative control: non-stressed 
and unsupplemented (NC), positive control: stressed and unsupplemented 
(PC), XPC in feed (1.25kg/mt) and stressed (XPC), and AviCare liquid 
(156mL/100L) in drinking water administered at d0-10 and at d29-45 plus 
XPC in feed (1.25kg/mt) and stressed (AVX). Birds (except NC) were 
subjected to induced stress twice: 1) d0 live coccidiosis vaccine and 2) d35 
heat/crowding stress. During second stress, all pens (except NC) had an 
overnight feed and water withdrawal. Pen size was reduced to 0.028m2/
bird and a heat lamp was placed over the pen for 6 hours. On d35, rear-
ing conditions were returned to pre-stress. Blood plasma was taken on 
d35 for C analysis from 3 birds/pen (ELISA) and performance param-

eters were measured by weight. Data were analyzed with JMP 12 with 
treatment means separated using LS Means (p ≤ 0.05). C levels of PC 
birds were significantly higher than NC (1010.38 vs 131.14 pg/dL, respec-
tively), with AVX and XPC being intermediate (590.01 and 574.40 pg/dL, 
respectively). Excluding day of heat stress (d35), there was no significant 
difference in water consumption observed between groups. Body weight 
gains following stress (d35-62), were significantly greater for PC, XPC 
and AVX, compared to NC (3.29, 3.31, and 3.31, vs 3.08, respectively). 
At conclusion of the trial (d62), average body weight of NC birds was sig-
nificantly heavier than PC (4.70 vs 4.59 kg, respectively); AVX and XPC 
were intermediate (4.67 and 4.66 kg, respectively). Addition of dietary 
XPC resulted in significantly improved cumulative FCR (d0-62) (XPC 
+ AVX vs. NC + PC; 1.61 vs. 1.64, P = 0.03). Induced stress increased 
plasma C and decreased performance. Supplementation with fermenta-
tion-derived products partially alleviated stress and significantly improved 
performance of turkey hens.

Key Words: Heat Stress, Crowding Stress, Turkey, XPC, AviCare

M87 Chopped miscanthus grass vs softwood shavings as bedding 
material for broiler grow-out Amy Mayer*GS, Paul Patterson, R. Hulet, 
Michael Hile The Pennsylvania State University
The rising cost and reduced availability of wood shavings has prompted 
poultry producers to look for alternative bedding resources, including 
miscanthus grass, though there is little research supporting its efficacy 
in broiler production systems. The objective of this study was to evalu-
ate chopped miscanthus grass (MG) as bedding in a commercial broiler 
house. A 15.2m x 61.0m broiler house was divided into 5 equal pens with 
each measuring 15.2m x 12.2m. Chopped MG was placed in two adjacent 
pens at the front of the house, while kiln-dried softwood shavings (SS) 
from a local furniture manufacturer were placed in two adjoining pens at 
the back of the house. The middle pen was a buffer between the replicate 
treatment pens. Bedding samples were analyzed for physical character-
istics including bulk density, moisture holding capacity, and particle size 
distribution. Litter was sampled at 1, 3, and 5 weeks after placement for 
nutrient analysis. Litter and bird welfare parameters were also scored at 
these two-week intervals. Ambient temperature, relative humidity, ammo-
nia, and CO2 levels were determined at weeks 1, 3, and 5. A dynamic flux 
chamber and photoacoustic gas monitor were used to measure ammonia 
flux at 35d. Particle size analysis revealed that SS had a higher percentage 
of particles measuring less than 0.71mm compared with MG (P<0.01). 
These small particles comprised more than 45% of the SS, whereas 94.5% 
of MG was comprised of particles greater than 0.71mm. Moisture hold-
ing capacity was greater for SS bedding (P<0.0001). Bedding density at 
the start of the study was greater for MG, but after 35 days, it was greater 
for SS. At the conclusion of the study, inorganic N, organic N, P2O5, and 
K2O were greater for the SS, but the C:N ratio was greater for the MG 
(P <0.05). Breast cleanliness scores at week 3 (P=0.0270) were the only 
significant welfare or performance parameter evaluated. The results of this 
study suggest that MG is a suitable alternative to SS as a broiler bedding 
material. However, the source of bedding materials and processing (parti-
cle size) may have a large impact on the physical properties of the bedding 
and lead to differences in production parameters among similar products. 

Key Words: Miscanthus, Bedding, Broiler, Grow-Out

M88 White striping of broiler breast muscle is reduced by time-
limited feeding Matthew Livingston*GS1, Chelsea Landon2, H. Barnes2, 
John Brake1 1North Carolina State University; 2NCSU College of Veterinary 
Medicine
Recent publications have described the abnormal meat quality charac-
teristics of white striping and woody breast of broiler chickens but little 
research has suggested how these conditions can be reduced. This study 
investigated whether a time-limited feeding program would reduce white 
striping and woody breast muscle scores in broiler chickens. A total of 240 
male broiler chicks of known genetics were placed on an ad libitum or a 



Poult. Sci. 95(E-Suppl. 1)220

 ABSTRACTS OF PAPERS 27

time-limited feeding program with the same diets. Time-limited feeding 
began at 7 d of age with those pens having feeders raised at 9 am and 
lowered at 5 pm. This resulted in a daily feeding pattern length of 14 h, 13 
h, and 6 h from 7 to 14 d, 15 to 21 d, and 22 to 47 d of age, respectively. 
Feed consumption, BW, and feed conversion ratio (FCR) were determined 
weekly. Broilers were harvested and carcass data including white striping 
and woody breast muscle scores were collected at 42 and 49 d of age. 
Breast muscle scoring was determined visually and by hand palpation us-
ing a 1-4 point ordinal scale of measurement with 1 representing normal 
tissue and 4 representing the presence of severe striping or woody breast. 
Data were analyzed using the proc mixed procedure of SAS with Sat-
terthwaite adjustment for variances. Time-limited fed broilers presented 
lower (P<0.05) white striping (1.65 vs 2.79) and woody breast muscle 
scores (2.14 vs 2.89) relative to broilers given ad libitum access to feed. 
Furthermore, time-limited fed broilers exhibited lower BW (2.98 vs 3.26 
kg), improved FCR (1.597 vs 1.553 g:g), reduced dressing percentage 
(79.5 vs 80.1%), reduced breast muscle yield (33.3 vs 35.4%), greater 
muscle drip loss (2.4 vs 1.9%), and lower muscle pH (5.81 vs 5.94) as 
compared to the ad libitum fed broilers (P<0.05). Time-limited feeding 
slowed broiler growth rate by reducing BW by 0.28 kg (P<0.05) but FCR 
was improved by 0.044 g:g (P<0.05). Moreover, white striping and woody 
breast muscle scores of time-limited fed broilers were reduced by 1.14 
and 0.75, respectively (P<0.05) when compared to ad libitum fed broilers. 
Changes in muscle physiology were observed in time-limited fed birds as 
indicated by 0.13 lower pH (P<0.05) and 0.52% greater drip loss (P<0.05) 
indicating that ad libitum fed bird had reduced glycolytic activity relative 
to time-limited fed birds suggesting that some protein denaturation had 
occurred prior to harvest. These data supported the hypothesis that white 
striping and woody breast muscle could be reduced with time-limited 
feeding. It was concluded that growth rate can exceed the physiological 
support mechanisms of the modern broiler given current nutrition and 
management.

Key Words: white striping, woody breast, meat quality, broilers, limit 
feeding

M89 Time-course comparison of classical and non-invasive 
measurements of stress in broilers given corticosterone in drinking 
water Shawna Weimer*GS, Robert Wideman, Dawn Koltes, Wayne 
Kuenzel, Charles Maxwell, Karen Christensen, Yvonne Vizzier-Thaxton 
University of Arkansas
Our long-term objective is to non-invasively assess stress in broilers by 
measuring corticosterone (CORT) levels in non-blood sources. Valid, 
non-invasive measures of stress are preferable to the restraint required 
for drawing blood. The present proof-of-concept study was designed to 
compare heterophil:lymphocyte (H:L) ratios and CORT concentrations in 
the serum and cecal contents of male commercial broilers (N=140) con-
suming normal tap water (C) or water containing CORT (CS) for up to 72 
hours. Treatment groups were housed in separate environmental cham-
bers. At the onset of the photoperiod on d 28, the CS group was provided 
20 mg/mL CORT in the drinking water until the end of the trial. Body 
weight (BW), blood, feathers and cecal samples were collected from 10 
randomly chosen broilers from each treatment group at 0, 6, 12, 24, 30, 
48, and 72 h. Blood samples were drawn within 60 sec after picking up the 
bird and each bird was humanely euthanized after sample collection. The 
H:L ratios were measured with the an automated hematology analyzer and 
CORT was measured using an ELISA. Data were analyzed with JMP us-
ing the Fit Least Squares model. Differences were considered significant 
at P < 0.05. Pairwise comparisons were run on significant effects using 
post hoc Tukey means separation. As expected, time, CS treatment and 
the time by CS treatment interaction had a significant effect on BW, H:L, 
serum CORT and cecal CORT. BW in the CS group was less compared 
to C group broilers at 30 h and 72 h. H:L ratios were elevated at 72 h in 
the CS group compared to C. Serum CORT in the CS group was elevated 
from hour 6 through 48; while cecal CORT was only elevated in the CS 
group at 30 and 72 h compared to C. These results indicate that noninva-

sive measures of CORT potentially provide estimates of broiler stress and 
welfare. This methodology could be a useful management tool to evaluate 
environmental stressors and increase productivity in commercial broiler 
production systems.

Key Words: broiler, noninvasive, stress, corticosterone, welfare

M90 Feeder color preference of broilers and its effects on performance 
J. Deines*GS, E. Lhamon, D. Yoho, L. Chick, R. Bramwell University of 
Arkansas
The poultry industry has a multitude of color options when selecting feed-
ers for use in production. As such, the objective of this study was to de-
termine if broilers have a preference for color of feeders (based upon feed 
consumption) and if the color of the feeders has an effect on performance. 
This experiment was conducted at the University of Arkansas Research 
Poultry Farm. In the first trial, 1,800 male Cobb 500 (female parent by-
product) chicks were randomly distributed throughout 24 pens in the same 
house. Feed and water were provided ad libitum and the following was 
provided for environment: 1 ft2 per bird, 25 birds per feeder, 50 birds per 
water line, modern LED lights, with all other specifications designed to 
meet industry standards. Two pen designs were created, with the first type 
(mixed color, 12 total) measuring 10’x10’ and containing four feeders, 
one of each color (red, green, blue, yellow), two water lines and 100 birds 
per pen. The second pen type (monochromatic) measured 10’x5’, con-
tained two feeders of the same color (three replicate pens for each color; 
12 total), one water line and 50 birds per pen. Bird weights (by pen) were 
recorded at placement and weekly through the end of the grow out period 
(six weeks). Feed consumption was measured per feeder on the following 
schedule: 0-72 hours, every four hours; three-seven days, every 12 hours; 
seven-fourteen days, daily; three-six weeks, weekly. Feeders in the mixed 
color pen were rotated clockwise (by location in pen) after each weigh 
for the first three weeks, from weeks three-six they were rotated daily. 
Mortality and dead weight were also recorded. Significant differences (P ≤ 
0.05) were found in feed consumption (preference) between feeder colors 
in mixed color pens for the total grow out (P = 0.0095) as well as weekly 
consumption. Preference (by feed consumption) during the first five days, 
was a different color (P = 0.0025) than what was preferred weekly start-
ing at week three and as a cumulative for the entire grow out. There was 
no significant difference in mortality, feed conversion, or bird weight. For 
the second trial 1,800 female Cobb chicks were used. All other specifica-
tions were the same. The conclusions were also the same as in trial one. 
We can conclude that broilers have a preference of red colored feeders 
(by consumption) when given the choice; however, this changes with age 
(green preferred to five days of age). We can also infer that the color of 
feeder has no impact on the performance of broilers when no choice of 
feeder color is given.

Key Words: broiler, feeder, color, preference, performance

M91 Providing a photoperiod during incubation of broiler hatching 
eggs Kayla Graham*GS, Bruce Rathgeber Dalhousie University, Faculty of 
Agriculture
Increasing the number and health of chicks after incubation is an impor-
tant factor to the broiler production cycle. It was hypothesized that provid-
ing light during incubation could enhance hatch coordination and improve 
chick vitality. Lights were installed to assess the impact of photoperiod 
on embryos throughout incubation and during hatch. Two treatments and 
a control were evaluated on hatchability, timing of chick hatch (hatch 
window), embryo mortality and body weight. 1431 Ross 308 broiler 
eggs were randomly assigned to the three treatments. LED lights were 
installed to operate 12 hours a day (12L:12D(0-21))in four incubators for the 
entire incubation period (21days). A dark/light treatment involved placing 
eggs in four dark incubators for the first 18 days and transferring to the 
12L:12D incubators for the remaining 3 days (12L:12D(18-21)). This was 
used to assess the duration of lighting needed to affect hatching perfor-
mance. The control consisted of conventional dark incubation (0L:24D). 
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Statistical analysis (ANOVA) was performed on the data for embryo mor-
tality of fertile eggs, hatchability, timing of hatch and chick weight. The 
number of chicks that hatched after 21 days was different among treat-
ments (P‹0.05) with a higher hatchability for the light treatment. Results 
show that 99.77% of chicks hatched before 21 days for the light treatment, 
while 96.24% for dark and 95.61% for dark/light. There was also a differ-
ence among treatments for chick hatch weight (P‹0.05). Chicks from the 
light treatment had a lower body weight at 39.74g compared to the dark 
treatment at 40.52g and light/dark treatment at 40.37 g. Males from the 
light treatment had a lower body weight (39.64g) compared to the dark/
light treatment males (40.79g), dark treatment males (40.33g) and dark 
treatment females (40.71g). There was no difference (P›0.05) among treat-
ments for overall hatchability and embryo mortality. The results indicate a 
potential to reduce hatch window size using photoperiodic lighting.

Key Words: broiler chicken, lighting, incubation, hatchability, hatch 
window size

M92 Live production parameters and carcass yield are affected 
by genetic line of broilers raised under sex separate or straight run 
conditions Manuel Da Costa*GS1, T.J. Frost2, J. Halley3, Gene Pesti1 
1University of Georgia; 2Wayne Farms LLC; 3Aviagen, Inc.
Worldwide broilers are raised mainly sex separate (SS), whereas in the 
USA straight run (SR) flocks are the most prevalent. The objective of this 
experiment was to evaluate the effect of raising broilers under SS and SR 
conditions for two broiler genetic lines. 1,344 day-old Ross 308 and Ross 
708 were sex separated and placed in 48 pens according to rearing type 
SS (28 males (M) or 28 females (F)) or SR (14 M + 14 F). There were 3 
dietary phases: starter (0 to 17d), grower (17 to 32d), and finisher (32 to 
48d). Bird individual body weight (BW) and feed intake (FI) were taken 
at 12, 17, 25, 32, 41, and 48d to evaluate performance. At 32, 41, and 
48d 4 birds per pen (SR pens 2M+2F) were sampled for carcass yield 
evaluation. Additionally, from 06:00 to 06:30, 13:00 to 13:30, and 22:00 
to 22:30, video records were taken to assess bird behavior at 45d. Data 
were analyzed as CRD with a 2x3 factorial arrangement of treatments. 
Throughout the experiment Ross 308 were heavier than the 708, and after 
17d M pens had the heavier birds followed by SR and then F. SR pens 
had higher BW CV’s in comparison with SS pens after 25d, and by the 
end of the trial this difference was on average 5%. Post 25d FCR was the 
lowest in M pens whereas FI was the highest on these pens after 17d. BW 
of SS M were negatively impacted from 17 to 32d. On the other hand, 
F raised SS were heavier than F SR with additional lower CVs from 25 
to 41d. Overall, M had total carcass cutups weights higher than SR and 
F at the 3 processing times. The Ross 708 had higher white meat yields 
whereas 308 had higher yields of dark meat. At 32d processing, M of SR 
pens resulted in 20g more pectoralis major in comparison with SS M. At 
this age, F SS had higher weights of wings and legs than SR F. Feeding 
behavior results were not consistent over time. However, at 13:00 to 13:30 
evaluation, F pens spent more time eating followed by SR and then M. In 
conclusion, raising F in a SR system negatively impacted performance 
and CV, whereas M benefited from a SR rearing, with the differences be-
ing possibly related to feeder space competition.

Key Words: sex separate, straight run, broiler, performance

M93 The hatch rate of three strains of laying hens provided a 
photoperiod at different times during incubation William Hannah*GS, 
Tessema Astatkie, Bruce Rathgeber Dalhousie University’s Agricultural 
Campus
Embryonic photoperiod has shown to decrease the response of chicks to 
post hatch stressors in broiler chickens. The effects of a photoperiod on the 
hatch window of chicks have not been examined with commercial laying 
hens. The objective of this research was to determine if any detrimental 
effects exist from providing a photoperiod during incubation on the hatch 
window of laying hens. The study consisted of 3 strains (Lohmann Brown, 
Lohmann Lite and Barred Plymouth Rock) and a photoperiod with 12 

h of light and 12 h dark per day (12:12) replicated in 4 incubators. This 
photoperiod was applied at 0, 9 and 17 days of incubation by moving eggs 
from one of 4 replicate incubators kept in the dark. Data collected included 
cumulative percentage of fertile eggs hatched measured every 3 h. The 
treatments were arranged as a 3 x 4 factorial experiment with s strains of 
bird and for times for initiation of photoperiod including eggs left in the 
dark for the entire incubation period. Nonlinear regression modeling of Y 
= cumulative % of fertile eggs hatched on X = hour, with hour 0 being 474 
h of incubation. A 3-parametric logistic growth model was found to be the 
best nonlinear regression model to describe the relationship between X 
and Y. The parameters of the nonlinear regression models were estimated 
iteratively using the NLIN Procedure of SAS and checked for adequacy. 
Results showed that 12L:12D day 0 and 9 decreased the time to hatch 50% 
(P<0.05) for both Lohmann Brown and Lohmann Lite chicks, in compari-
son to chicks hatched in the dark or those receiving 12L:12D for the last 
4 days of incubation. The time it took for 50-75% of the Lohmann Brown 
chicks to hatch from differed (P<0.05) from chicks hatched in the dark 
and a 12:12 photoperiod for the last 4 days. Photoperiod during incuba-
tion affected each of the 3 strains of laying hens differently. No significant 
detrimental effects were found to increase during the hatch window and 
Lohmann Brown chicks administered 12L:12D at day 0 and 9 showed 
positive increases of cumulative hatch during the observed hatch window. 

Key Words: Photoperiod, Incubation, Hatch Window

M94 Comparison of production, egg characteristic and quality 
between molted and non-molted hens from 73 through 109 wks of 
age Rafael Crivellari*GS, Ramon Malheiros1, Kenneth Anderson1 1North 
Carolina State University; 
Molting has been shown in the past to enhance performance and egg qual-
ity characteristics in laying hens. In this project four strains; two brown 
egg and two white egg commercial strains were molted (M) or maintained 
as a non-molted (NM) flock for comparison of production and egg qual-
ity characteristics. The experiment was conducted at the North Carolina 
Department of Agriculture and Consumer Services’ Piedmont Research 
Station facilities in conjunction with the NC Layer Performance and Man-
agement Test. All birds were housed at the same density of 69 in2/hen 
in environmentally controlled cage laying facilities. Production criteria of 
feed consumption, egg production, and mortality were monitored daily 
and summarized by replicate every 28 d. The study was conducted from 
73 through 109 wks of age. The experiment was a completely random-
ized design. All diets were provided ad libitum, based upon the hens feed 
consumption and productivity over the previous 28 d period. On the third 
wk of each period the previous 24 hrs eggs were collected for analysis 
over 9 periods. For each replicate the eggs were evaluated to determine the 
USDA grades and egg size distribution then refrigerated and transported 
to the laboratory for further egg quality evaluation. All data was analyzed 
using PROC GLM in JMP®, Student’s T test were used to compare M vs. 
NM means. There were no significant differences between M and NM, 
related to egg production, egg weight and mortality. The feed consump-
tion was significantly higher in the hens that were molted at 101.6 vs. 
110.4 g/hen/d for the NM and M hens, respectively. However, the molted 
hens had improve feed conversion 0.47 g egg/g feed vs. 0.37 for the non-
molted group. The egg quality characteristics in the M hens produced a 
higher percentage of grade A eggs (96.3 vs. 92.57), and greater percentage 
of extra-large eggs (88.4 vs. 82.82) than the NM hens. As a quality stand 
point, the M hens had a higher (P<0.01) in shell strength force (4011.22 
vs. 3792.53), membrane strength (2.65 vs. 2.51), and haugh unit (82.12 
vs. 76.18) than the NM hens. Interesting the Roche Yolk Color in the non-
molted hen was darker (Orange) (4.83 vs. 4.5). This indicates there re-
mains a beneficial difference between molted and non-molted hens.

Key Words: laying hen, egg production, molted, non-molted, egg quality
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M95 Effects of the onset of a lighting program dark period on deep 
body temperature Matthew Hicks*GS, Michael Czarick, Brian Fairchild 
University of Georgia
A study was conducted to examine how the onset of a lighting program 
dark period affects deep body temperature (DBT) in market age broilers 
(50-63 days) during summer months. The study was conducted in a 15m 
x 152m commercial tunnel-ventilated broiler house. Inside temperature, 
inside relative humidity, and air velocity were recorded every minute. Wa-
ter usage was recorded every 15 minutes and used as an indicator of bird 
activity. Five male broilers were selected for implantation of DST nano 
miniature temperature data loggers. The 6mm x 17mm nano temperature 
data loggers have an accuracy of +/- 0.2°C and a capacity of 43,477 mea-
surements. The DST data loggers were surgically implanted inside the 
abdominal cavity to measure DBT. Before starting surgery, lidocaine was 
used as a local anesthetic and the incision area was disinfected. The sensor 
was inserted through a small incision made through the skin and muscle 
layer. After a short recovery period, the birds were placed in the house 
30m from the fan end wall. 

At the end of the study, the birds were euthanized, the data loggers were 
removed, and the data was compiled into an excel file. Initial data analysis 
indicated that DBT tended to increase at the onset of the dark period which 
occurred at the same time each day. Since the length of the dark period 
varied from 8 hours down to 2 hours during the study, only DBT data for 
the two hours prior to lights turning off and after the lights turned off was 
evaluated for the 10 day study. The DBT was stable or decreasing in the 
two hours before the lights turned off. On average the DBT was decreasing 
at a rate of approximately 0.0005°C per min. After the lights turned off, 
the DBT tended to increase. The greatest rate of change occurred during 
the first hour (0.0101°C per minute). For the second hour, average DBT 
increased at a lower rate of 0.0025°C per minute essentially stabilizing.

The increase in DBT may be explained by the change in effective surface 
area during light and dark periods. During the light period, the birds are 
continuously standing and sitting, so a greater portion of their body sur-
face area can be used for convective heat loss. During the dark period, the 
birds only stand occasionally. The sitting decreases the surface area for 
heat loss, therefore increasing the DBT.

Key Words: Body temperature, Lighting program, Heat Stress

Environment Management II
M96 The effect of different water pressures on broiler performance. 
Cody Brown*GS, Brian Fairchild, Michael Czarick The University of 
Georgia
A study was conducted comparing the effects of two different drinker wa-
ter pressures, 6” (manufacturer’s recommendation) and 12” H2O column 
on broiler performance and litter moisture. The trial consisted of four rows 
of 18, 3.5’ X 5 pens with 25 birds in each pen from 21 to 49 days of age. 
Each row of pens had a single continuous drinker line. A single water pres-
sure treatment was applied to each row of pens (two replicates per treat-
ment) in an alternating order. Data was analyzed using a standard T-test. 
Bird body weight (BW), feed conversion ratio (FCR), and litter moisture 
were measured weekly. The results showed that bird BW was significantly 
different (P<0.05) in the last week of the study with the 12” water pressure 
group being 111 grams heavier. The FCR in the last week of the study was 
significantly lower in the higher water pressure group than in the control 
group with values of 1.87 and 1.93 respectively. The birds grown with 
the higher water pressure had higher average litter moisture compared 
to the lower water pressure group each week of the study. These results 
show that a benefit from increased water pressure is only seen in the last 
week of the study (day 42-49) but this comes at the cost of wet litter. This 
is made more evident by percent difference in water usage being higher 
than the body weight percent difference of 3% to 7% throughout the study 
which indicates higher levels of water wastage in the higher water pres-
sure group.

Key Words: Drinker pressure, Drinker management, Water usage

M97 Arkansas broiler enterprise assessment tool ... AR B.E.A.T. 
Christopher Sims*GS, H.L. Goodwin University of Arkansas
Poultry operations require many variable inputs. This makes it difficult for 
poultry growers to accurately estimate their operation’s financial capacity. 
Evolution of the poultry industry to vertically integrated contract farms 
has increased the importance of poultry growers fully understanding rev-
enues, expenses, and income of their operation. Contracts make it difficult 
for growers to have a full understanding of and expectation for projected 
expenses and revenues due to variability in production conditions, prices, 
and flock-to-flock revenue variations experienced in the tournament sys-
tem. Traditional poultry budgets are often difficult to use, interpret, and 
projecting future cash flows are complicated. An excel program is created 
so poultry growers can better estimate and analyze their cash flows. The 
program accounts for possible grower revenues and expenses of the op-

eration to help give growers a more accurate portrayal of their financials. 
The Arkansas Broiler Enterprise Assessment Tool (AR B.E.A.T.) allows 
growers to input information regarding their own operation or information 
drawn from a grower panel rather than generalized budgets. AR B.E.A.T. 
uses both a panel of 7 growers and current research to build default calcu-
lations. Users of the program enter their information and totals recalculate 
based on their inputs. Panel defaults are for growers without full informa-
tion of their operation. Potential growers can gain an understanding of 
revenues, expenses, and income from the operation. Growers can utilize 
the program for “what if” analyses to determine how changes in costs and 
production will impact overall operation financials. Like other financial 
analysis tools, AR B.E.A.T. has limitations; ultimately, financial results 
turn on growers’ management decisions. It is crucial that growers under-
stand the financial intricacies of a broiler operation to remain viable both 
in terms of cash flow and profitability. The results section gives an output 
of operating revenues and expenses, breaking down the inputs for each 
section. The final piece of the results are net farm income and net cash 
returns per square foot. Realizing variable and fixed expenses along with 
net farm income will give the grower a more accurate portrayal of their 
financial capacity.

Key Words: Broiler, Revenues & expenses, Interactive budget, Finances, 
Profitability

M98 Evaluating the Poultry Science Summer Institute as a 
recruitment tool for high school students to enter the Poultry Science 
department. Braxton Whitaker*GS, Lynn Worley-Davis, Sara Brierton NC 
State
The increased consumption of poultry products within the United States 
has resulted in an increased number of career opportunities within the 
poultry industry. However, there are currently not enough undergraduate 
students to fill the available positions. Additionally, increased competi-
tiveness for acceptance into a university has also contributed to the em-
ployee gap in the poultry industry. To address this need, the Prestage De-
partment of Poultry Science started the Poultry Science Summer Institute 
(PSSI), a five-day overnight camp for high school students. During their 
stay, the students were exposed to genetics, reproductive physiology, avi-
an anatomy, processing, and feed milling. The objective of this study was 
to evaluate the rate of return of students whom participated in the PSSI 
summer camp and then entered the NCSU 4-year poultry science program 
or the 2-year AGI program from 2008 through 2014. During this time, the 
number of PSSI alumnus who pursued a degree in poultry science ranged 
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from 10% to 31%. The overall average of participants entering the poultry 
science 4-year program was 19.35%, while an additional 7.74% entered 
the 2-year program. Overall, the PSSI camp has increased the exposure of 
high school students to the poultry science department and potential career 
opportunities within the poultry science field. As word spreads about the 
camp, we hope to increase the number of participants each summer, which 
should increase the number of students applying to the poultry science 
program at NCSU.

Key Words: recruitment, poultry science summer institute, high school 
students

M99 Interferon-gamma assay in commercial chicken on garlic meal 
feed-inclusion Adetolase Bakre*, Omolade Oladele, Oluwaseun Esan 
University of Ibadan
Garlic (Allium sativum), has proven to be an effective growth promoter 
and immunostimulant in poultry, its ability to enhance cellular immune 
response using interferon gamma assay was investigated.

One hundred day-old cockerels were divided into 4 groups of 20 each in 
groups A, B, C and 40 in group D which were further sub-divided into 
subgroups D1 and D2. Feeds served was included with varying levels 
of garlic meal i.e. Group A- 0.125%, Group B- 0.25%, Group C -0.5%. 
Group D- 0% (i.e. D1 and D2). Chicks in all groups were administered 
Newcastle disease vaccine HB1 strain at day-old, Lasota strain at 3 week-
old. At 5 week-old, they were challenged with the Komarov strain except 
subgroup D2. 12 cockerels were selected randomly from each groups A, B 
and C as well as subgroup D1, 8 chicks were selected from subgroup D2 
and were all bled at 6 week-old and sera were obtained for the assessment 
of interferon-gamma levels by using Enzyme Linked Immunosorbent As-
say , data obtained were subjected to statistical analysis using Analysis 
of variance and Turkey multiple comparison test (Graph Pad Prism) at 
p<0.05.

Mean interferon-gamma concentrations showed no significant differ-
ence (p>0.05) between groups A (151.16±0.46 pg/ml), B (151.30±0.33 
pg/ml) and C (152.36±0.26pg/ml) but these values were significantly 
higher (p<0.05) than those of subgroups D1 (142.33±1.9pg/ml) and D2 
(127.13±2.2pg/ml). Also, mean concentration in subgroup D1 was signifi-
cantly (p<0.05) higher than that of subgroup D2.

The study showed that Garlic enhanced cellular immune response via an 
increased secretion of interferon-gamma, which could be responsible for 
the reported improvement in vaccinal immune response and its general 
antibiotic activity.

Key Words: Garlic, Inclusion, Interferon-gamma, Cellular immunity, 
Chicken

M100 Newcastle disease vaccinal immune response and serum 
protein levels in commercial turkeys on garlic (Allium sativum) meal 
feed-additive. Latifat Ogunfolabo*, Omolade Oladele, Adetolase Bakre 
University of Ibadan
In spite of frank efforts being made to control Newcastle disease (ND) by 
vaccination, it has remained endemic particularly, in developing countries. 
Garlic (Allium sativum) has been reported to have immunomodulatory ac-
tivity. Its effect on vaccinal immune response and serum protein of turkey 
poults was therefore investigated. 

One hundred day-old turkey poults were randomly separated into two 
groups (A and B) of 50 poults each, with each group in duplicates of 25 
poults each, in a completely randomized design. They were fed appropri-
ately with 0.125% garlic meal in the feed of Group A while Group B had 
none (control). The poults were administered Newcastle disease vaccine 
Lasota strain at 10 and 28 days-old. At 0, 2, 4, 6 and 8 weeks-old ten poults/
replicate were bled for serum and levels of total protein, albumin, globulin 
were determined in the 2 groups by spectrophotometry. Newcastle disease 
virus antibody titers were also assayed using Haemagglutination inhibi-

tion (HI) test and Enzyme linked immunosorbent assay (ELISA). Means 
(±SEM) of data obtained for each group were calculated and compared 
for significant differences within and between the groups using Student’s 
t-test and Duncan’s multiple range test at p < 0.05. 

Mean (±SEM) values for total protein and albumin obtained for Group 
A at 2 weeks-old (4.14±0.08g/dl and 2.18±0.13g/dl, respectively) were 
significantly higher (p<0.05) than those of Group B (3.57±0.09g/dl and 
1.83±0.09g/dl, respectively). Mean geometric titers (HI test) for ND vi-
rus antibody obtained for Group A at 2, 4 and 6 weeks-old (2.2±0.37log2, 
2.5±0.28log2 and 1.9±0.24log2, respectively) were significantly higher 
(p<0.05) those of Group B (0.5±0.16log2, 0.6±0.11 log2 and 0.8±0.20log2, 
respectively). Similarly, ELISA titers obtained for Group A at 2 and 4 
weeks-old (793.9±241.31and 1128.9±313.03, respectively) were sig-
nificantly higher (p<0.05) than those of Group B (405.4±107.22 and 
420.8±169.88, respectively). 

This study has shown that garlic meal in the diet of turkey poults at 
0.125%, significantly increased serum total protein and albumin levels. It 
also significantly increased antibody response to Newcastle disease vac-
cination, thus, serving as an immunostimulant, which could be used as an 
adjunct in the control of Newcastle disease.

Key Words: Garlic, Turkey, Newcastle disease, Serum protein, Vaccinal 
immune response

M101 How water pressure affects water usage in a commercial broiler 
house. Cody Brown*, Brian Fairchild, Michael Czarick The University of 
Georgia
A field study was conducted on a commercial broiler farm to examine the 
effect of drinker line water pressure settings on broiler water usage. The 
study was conducted in a 40’ by 500’ broiler house that was equipped with 
a Lubing nipple drinker system. Low flow water meters and a water pres-
sure sensor were attached to each drinker line. Data was recorded at one 
minute intervals using a data logger. 

The trial consisted of three consecutive flocks where water pressure was 
changed at 20, 26, and 32 days of age. Average flock length was 40 days. 
At 20 and 32 days of age water pressure was adjusted to create a differ-
ence of 4 inches of H2O height between water lines. At 26 days the water 
pressure was made the same. The water usage was compared between the 
different treatment drinker lines. 

The water usage on the higher pressure lines increased in all three flocks 
when compared to the lower pressure lines. The difference in water us-
age between the treatments ranged from10 to 100 gallons each day when 
water pressures were different. During the period of time that the water 
pressures were adjusted to be the same the water usage returned to follow-
ing normal trends such as having a higher water usage on the inside lines 
compared to the outside lines. This trend was seen in all three of the flocks 
during this trial. This higher usage may be attributed to the birds being 
able to receive more water from the high pressure lines since a higher pres-
sure would result in a higher flow rate from the nipple. The change in the 
water usage between the high and low pressure groups suggests that birds 
may have moved to use the higher pressure line. While the litter moisture 
was not monitored during this study it was noted that the litter tended to 
cake underneath the water lines.

Key Words: Water pressure, Water usage, Drinker management

M102 Poultry Carcass Ensiling for Biosecure Preservation and Virus 
Destruction Paul Patterson*, R. Hulet, Patricia Dunn, Huaguang Lu, 
Subhashinie Kariyawasam, Lisa Kitto, Amy Mayer The Pennsylvania 
State University
Alternative methods for the immediate on-site holding of poultry carcasses 
following catastrophic events are needed. Large laying hen complexes are 
especially challenged to manage large masses of carcasses in a biosecure 
and environmentally sensitive manner. Therefore a study was initiated to 
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evaluate the ensiling of Leghorn hen carcasses as a means of virus destruc-
tion and biosecure carcass preservation. Sixty five week old fowl (5,460) 
from a commercial flock were euthanized with CO2 gas and ensiled in a 
2.4m diameter Ag Bag 6.1m long. Two carbohydrate treatments, 14% lay-
ing hen mash (HM), and a mixture of 9% hen mash and 5% sugar (HM+S) 
were mixed and ensiled with the carcasses as they do not contain sufficient 
sugars for the anaerobic ensiling process. The first 2,880 carcasses were 
ensiled with the HM (14% by wt) in the first 3m of the bag, and the second 
group of 2,880 carcasses were ensiled with HM+S in the second half of 
the Ag Bag. Eighteen carcasses were inoculated with AviPro SOHOL, live 
virus Newcastle-Bronchitis lyophilized vaccine powder (10,000 doses) re-
constituted in distilled water then suspended in equal parts BHI broth (to-
tal 40ml). The inoculant contained 250 doses per ml and 1ml was injected 
into the trachea, and 1ml in the cloaca of each bird. Three bundles of three 
inoculated birds were bagged in poly-net bags and placed in each of the 
HM and HM+S treatment sides of the Ag Bag among the other ensiled 
carcasses. At 3, 7, 14 and 29 days the HM and HM+S treatments were 
probed (n=6) for pH, and microbial samples. Initial pH on day 3 was not 
different between the treatments (6.32), however at 7 and 14 days HM+S 
was significantly lower at 5.41 vs. 6.21 and 5.48 vs. 6.24 respectively. 
Lactic acid bacteria quickly established at high levels by 3 days (1.0 x 
10E8) and were maintained at greater than 1.0 x 10E4 to the end of the 
study. At 29 days the bag was opened and the 6 bags of carcasses were 
sampled for virus isolation. All pooled and individual cloaca and trachea 
samples from both carcass treatments were negative for Newcastle disease 
virus. The ensiling process was both technically and logistically feasible 
and would readily scale up for 100,000 hens (3.0m Ag Bag, 37.8m long) 
or one million hens (4.3m Ag Bag, 192m long).

Key Words: carcass, ensiling, virus destruction, biosecurity, avian 
influenza

M103 Mass mortality composting during an avian influenza outbreak. 
Josh Payne* Oklahoma State University
The highly pathogenic avian influenza (HPAI) outbreak has become the 
largest animal health emergency in US history. As of October 2015, the 
USDA reports 232 detections (211 commercial facilities and 21 backyard 
flocks) affecting approximately 50 million birds in 21 states. To date, over 
$950 million federal dollars have been spent on disease control efforts 
and indemnities. The infected birds have either died from the disease or 
been euthanized to control disease spread. Proper carcass management is 
vital for managing nutrients and controlling disease. Improper disposal 
may cause odor nuisance, spread disease, and the resulting leachate could 
negatively impact water sources. Mortality management options that were 
used during the recent HPAI outbreak include composting, burial, incin-
eration, and landfilling. The most commonly implemented option was 
mass mortality composting. The purpose of mortality composting during 
the HPAI outbreak was to use biological heat treatment methods to de-
grade the carcass, inactivate the avian influenza virus, control odors and 
reduce fly exposure in a safe, biosecure, and environmentally sustainable 
manner. Composting was successfully implemented on several poultry 
operations. As a result of the outbreak, a national composting technical 
team was formed by the USDA, and a mortality composting protocol for 
avian influenza infected flocks was published. This presentation will out-
line mortality management options during an animal disease outbreak and 
highlight the composting methodology implemented on poultry opera-
tions during the HPAI outbreak, as well as the successes, challenges and 
lessons learned.

Key Words: avian influenza, mortality management, composting, 
disposal

M104 The effect of lighting programs on diurnal variations in broiler 
deep body temperature during hot weather Brian Fairchild*, Michael 
Czarick, Matthew Hicks, Cody Brown The University of Georgia
A study was conducted to examine the effect lighting programs have on 
deep body temperatures (DBT) of market age broilers in commercial 
broiler houses during hot weather. The study was conducted on six differ-
ent broiler farms with modern, totally enclosed, tunnel-ventilated houses 
equipped with evaporative cooling pad systems. Five of the farms pro-
duced 6 lb broilers and one produced 4.5 lb broilers.

Inside/Outside temperature and air velocity were measured every minute 
while bird water usage was recorded every 15 minutes. Three to six male 
broilers had DBT nano temperature data loggers on each farm. The 0.23” 
X 0.67” nano temperature data loggers have an accuracy of +/- 0.2 F and 
a capacity of 43,477 measurements. The temperature data loggers were 
surgically implanted inside the abdominal cavity to measure DBT. The 
birds were marked for identification and allowed to roam freely within the 
house. The DBT data loggers were programmed to record every minute 
and were removed from the birds just prior to being caught for processing. 

The lighting program of each of the three companies was used on each 
farm. The dark periods ranged from 2 to 8 hours. On most farms the dark 
period was reduced as the processing date approached. On some of the 
farms the dark period approached 12 hours due to the birds basing their 
daytime on light entering through the tunnel fans and not by the operating 
hours of the dimmed house lights.

Temperature/Rh, air velocity, and DTB data were averaged on a 15 minute 
basis which corresponded to the bird water usage and then analyzed. Wa-
ter usage was used as an indicator of lighting status. No water usage for an 
extended period was assumed to be a dark period.

Lighting programs influenced DBT. Long dark periods tended to result in 
greater variation in DBT over the course of the day. Long dark periods (10 
hours+) often resulted in diurnal variation in DBT of 2 F or more while 
short dark periods (2 hours or less) tended to result in diurnal variations 
of approximately 1 F. Lowest DBT temperatures tended to occur in the 
morning hours while peak temperatures tended to occur midafternoon. 
Dark periods that occurred in the early evening tended to result in greater 
diurnal variations of DBT than those occurring late at night.

Key Words: Body temperature, Heat stress, Lighting program

M105 Broiler perception of lighting program day length in tunnel-
ventilated houses during hot weather Brian Fairchild*, Micheal Czarick, 
Matthew Hicks, Cody Brown The University of Georgia
Lighting programs have long been used to optimize bird health and per-
formance. One of the challenges with using a lighting program in a broiler 
house is that the buildings are not built for total light control. During hot 
weather light entering through the tunnel inlet is limited through the use of 
evaporative cooling pads but there is little effort to reduce the light enter-
ing through the large number of tunnel fans a house may have operating 
with near market age birds during hot weather. A study was conducted to 
examine the effects that sunlight entering through operating tunnel fans 
had on the perceived day length of near market age broilers.

This study was conducted on five broiler farms with modern, totally en-
closed, tunnel-ventilated houses equipped with evaporative cooling pads. 
Lighting programs on each farm were determined by the two integrating 
companies. Dark periods ranged from 2 to 8 hours. Light intensity on the 
farms varied between 0.02 and 0.20 foot candles (fc) when not affected by 
light entering through the tunnel fans. Bird water usage was recorded ev-
ery 15 minutes using a pulse water meter connected to a data logger. The 
lack of water usage over an extended period of time was used as a measure 
of when the birds perceived a dark period.

The day length perceived by birds in the house differed from that pro-
grammed into the house controller. As many as 80% of broilers in houses 
with very low light intensity cued off of light coming through the tunnel 
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fans rather than the house lights. The effect was most prominent in houses 
operating below 0.1 fc. The effect was more prominent in houses with end 
wall tunnel fans compared to those with side wall fans. Even in houses 
with light intensities over 0.1 fc the perceived day length of a portion of 
the birds was influenced by sunlight from the fans. Broilers in houses with 
low light intensities often stopped drinking after sunset even though house 
lights were still on. Since birds based their day length primarily off of light 
entering through the tunnel fans, on some farms their perceived day length 
was 12 hours when the managers thought it was 18 hours. These data 
indicate when tunnel fans are operating as long as 24 hours a day, birds 
may be off feed and water longer than estimated.

Key Words: Light intensity, Water usage, Tunnel ventilation, Light 
control

M106 Effect of temperature fluctuation during storage on hatchability 
and embryonic mortality of broiler hatching eggs. Serdar Özlü,1, 
Okan Elibol1, John Brake*2 1University of Ankara; 2North Carolina State 
University
The effects of temperature fluctuation during 7 d of storage on hatchability 
and embryonic mortality of broiler hatching eggs was examined with eggs 
obtained from commercial flocks of Ross 344 male X Ross 308 female 
broiler breeders at 53 wk and 50 wk of age in Experiments 1 and 2, re-
spectively. The eggs were laid in mechanical nests when the seasons were 
autumn and winter in Experiments 1 and 2, respectively. In each experi-
ment, a total of 1,200 eggs that had been laid within a 1 h period were col-

lected in the afternoon and then transferred by vehicle with air condition 
to an experimental egg storage facility within 2 h. The eggs were then 
randomly assigned to two chambers with either a constant temperature of 
18°C or a temperature that fluctuated daily between 18°C and 21°C four 
times (0900, 1200, 1500, and 1800) in Experiment 1 or three times (0900, 
1300, and 1700) in Experiment 2. This latter treatment was intended to 
mimic the typical situation where an egg storage room door was opened 
to move freshly collected eggs into the storage room. The temperature 
increase periods were approximately 45 and 30 min in Experiments 1 and 
2, respectively. The relative humidity in the chambers averaged 59 or 70% 
in Experiments 1 and 2, respectively. Each tray of 60 eggs was considered 
to be a replicate and there were 10 replicate trays per egg storage tem-
perature treatment. The eggs were randomly set in two laboratory single-
stage incubators. At the time of removing the chicks from the hatchers, all 
unhatched eggs were opened and examined macroscopically to determine 
fertility or embryonic mortality (early dead (0 to 7 d), middle + late dead 
(8 to 21 d plus pipped eggs), and to calculate percentage hatchability of 
fertile eggs. There was a significant increase in early embryonic mortality 
due to fluctuating storage temperature in both experiments. There was a 
significant increase in hatchability of fertile eggs in Experiment 2, with a 
similar trend in Experiment 1, as a result. These data showed that early 
embryonic development in eggs from flocks over 50 wk of age could be 
adversely affected by a 3 or 4 times daily increase in storage temperature 
of only 3 C.

Key Words: egg storage temperature, hatching egg storage, hatchability, 
broiler breeders, early embryonic mortality

Metabolism & Nutrition III
M107 Boosting gut health and nutrient digestibility by feeding organic 
acid based products to broilers orally challenged with E. coli K88 Nima 
Khodambashi Emami*1, Emma Graystone2, Ali Daneshmand1, Reza Akbari 
Moghaddam Kakhki1, Leon Broom2 1Ferdowsi University of Mashhad; 
2Anpario PLC
It is well-documented that Escherichia coli (E. coli) can cause a variety of 
diseases in poultry, among which the most common is colibacillosis that 
negatively affects the intestine, increases mortality rate and leads to high 
economic losses in poultry markets. The need for natural alternatives to 
antibiotics is increasing and by 2017 the United States poultry industry is 
aiming to join European countries on antibiotic growth promoter (AGP) 
free poultry production.

Therefore, this study was conducted to compare the effects of various 
commercially available organic acid blends (OAB) on intestinal mor-
phology, nutrient digestibility and tibia ash in broilers challenged with a 
subclinical dose of E. coli K88 at 10 days of age (DOA). A total of 875 
one-day-old Ross 308 broilers were randomly assigned to 7 treatments 
with 5 replicates and 25 birds/replicate. Treatments were I) Control - no 
supplementation, II) 2 kg/t of OAB 1 in all phases, III) 4 kg/t of OAB 1 
in all phases, IV) 1.0, 0.75, and 0.5 kg/t of OAB 2 in the starter(S) (1-10 
days), grower(G) (11-24 days) and finisher(F) (25-35 days) phases, V) 1 
kg/t of OAB 2 in all phases, VI) 0.7, 0.5, and 0.5 kg/t of OAB 3 in the S, 
G and F phases and VII) 1.0, 0.7, and 0.5 kg/t of OAB 3 in the S, G and F 
phases. Results showed that at 21 DOA all OAB treatments significantly 
improved (P˂0.0001) jejunal villus surface area; while for the villus height 
the effect of treatments V and VII (P=0.0010), and for villus width the ef-
fect of treatments V, VI, and VII (P=0.0017) were significant. All groups 
that received diets supplemented with OAB had significantly higher crude 
protein (P˂0.0001), ether extract (P=0.0002), lysine (P˂0.0001), and 
threonine (P˂0.0001) ileal digestibility coefficients compared to the con-
trol group at 21 DOA. Furthermore, treatment VII significantly improved 
(P=0.0045) dry matter digestibility compared with control. While broilers 
in treatments III and IV showed numerically higher tibia ash content, all 
other OAB supplemented groups significantly (P=0.0003) increased tibia 

ash at 35 DOA as compared to the control group. The present data sug-
gest that Anpario OAB are reliable products for preventing the negative 
impact of E. coli challenge on gut health and nutrient digestibility in the 
post AGP era.

Key Words: Organic acid blends, Gut health, Digestibility, E. coli 
challenge, Broilers

M108 Diverse response to dietary supplementation of arginine and 
guanidinoacetic acid in broilers reared under subnormal temperature 
Nima Khodambashi Emami*GS, Abolghasem Golian, Mohsen Danesh 
Mesgaran Ferdowsi University of Mashhad
Ascites syndrome is a cardiovascular metabolic disorder that continues to 
be one of the main problems in broiler production; a condition that inflicts 
one billion dollars loss on poultry producers around the world every year. 
On the other hand, chickens are not capable of synthesizing L-arginine 
(ARG), and there are reports that the need for this amino acid increases in 
subnormal temperature. Meanwhile, it is also stated that guanidinoacetic 
acid (GAA), an intermediate metabolite in the synthesis of creatine from 
ARG, has ARG-sparing effects in the body.

Therefore, this study aimed to determine whether supplementation of 
ARG and GAA is an effective solution in the prevention of ascites in male 
broilers reared at subnormal temperature. A total number of 450 Ross 308 
chicks were allocated to 5 treatments with 6 replicates and 15birds/repli-
cate. Treatments were as follow: 1) non-supplemented diet (control); 2) 
diet supplemented with 0.60 kg/ton GAA (GAA1); 3) diet supplemented 
with 1.20 kg/ton GAA (GAA2); 4) diet supplemented with 0.86 kg/ton 
ARG (ARG1); 5) diet supplemented with 1.71 kg/ton ARG (ARG2). 
Birds reared under standard temperature, but from 14 day onwards tem-
perature were reduced to 17 0C and maintained at this point until day 35.

Data showed that ARG2 significantly improved (P˂0.0001) average daily 
gain (ADG) throughout the experimental period (0-35 day), compared 
with other treatments except ARG1. Also, ARG1 had significantly higher 
ADG compared with control and GAA2. None of the treatments could 
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affect daily feed intake or feed conversion ratio. Moreover, ARG1 alle-
viated the adverse effect of cold temperature on ascites incidence as re-
flected by significant reduction in blood hematocrit (P=0.0260), and RV/
TV (P=0.0384) ratio. Broilers in ARG1 group significantly improved je-
junal villus height (P=0.0025) compared with other groups except ARG2; 
while, ARG2 significantly (P=0.0030) improved villus width compared 
with control and GAA1. These improvements resulted in significantly 
higher jejunal villus surface area in broilers fed either dose of ARG com-
pared with control and GAA1 at day 35. These findings show that unlike 
GAA, ARG could be an effective solution to alleviate the adverse effect of 
cold temperature on broilers performance and gut health.

Key Words: Ascites, Arginine, Guanidinoacetic acid, Performance, Gut 
health

M109 Effect of threonine deficiency on intestinal integrity and immune 
response to coccidiosis in broiler chicks Qian Zhang*GS1, Xi Chen1, Susan 
Eicher1,2, Kolapo Ajuwon1, Todd Applegate1 1Purdue University; 1,2Purdue 
University and United States Department of Agriculture
We hypothesized that threonine (Thr) deficiency would exacerbate the 
intestinal damage induced by feed withdrawal and coccidiosis infec-
tion because of its high obligatory requirement by the gut. Two dietary 
Thr treatments (0.49 and 0.90%) were fed to chicks from 1-21 d of age. 
At 13 d of age, feed was withdrawn for 24 h from half of the birds for 
each treatment with subsequent gavage of a 25×-recommended dose of 
Coccivac®-B. Samples were collected at 21 d of age. Thr deficiency or 
combined challenge decreased BW gain and feed intake, and increased 
feed to gain from 13 to 21 d of age (P ≤ 0.03). BW gain was lowest in 
challenged birds receiving the low Thr diet (Thr × challenge, P = 0.03). 
Also, the lowest jejunal villus height (VH) and VH:crypt depth (CD) was 
observed in the challenged birds fed 0.49% Thr (Thr × challenge, P ≤ 
0.07), which may partially account for their lowest BW gain. The dramati-
cally increased CD in the challenged birds (P < 0.01) indicated intestinal 
epithelial proliferation, and thus a plausible mechanism for intestinal oo-
cyst expulsion and intestinal repair, as the challenged group fed 0.49% 
Thr had higher number of oocysts (+40%, P = 0.03) but lower CD (-31%, 
P < 0.01). Additionally, birds fed 0.49% Thr diet had higher gut perme-
ability as measured after 2 h administration of FITC-dextran (3-5 kDa, P 
< 0.01), which may be attributed to decreased IgA production (P ≤ 0.10) in 
the ileum. In the cecal tonsils, Thr deficient birds had a lower percentage 
of lymphocytes expressing markers such as CD4, CD8, CD3 and Bu-1, 
regardless of challenge (P ≤ 0.01), along with lower mRNA expression 
of the chemokine receptor CCR9 for gut homing T cells and B cells (P < 
0.01). Although coccidial challenge increased the proportion of all afore-
mentioned lymphocyte classes (P ≤ 0.05), there was a limited increase of 
CD3 lymphocyte (49% of Bu-1 lymphocytes) for the 0.49% Thr group 
(Thr × challenge, P = 0.09). The gene expression of IFN-γ was lower 
in the 0.49% Thr group compared to the 0.90% Thr group under chal-
lenge (Thr × challenge, P = 0.06). Overall, Thr deficiency worsened the 
detrimental effects of coccidiosis on growth performance by compromis-
ing oocyst shedding, intestinal morphology, barrier function, lymphocyte 
profiles, and IFN-γ expression.

Key Words: threonine, chick, coccidiosis, intestinal barrier function, 
lymphocyte profiles

M110 The effect of dietary amino acids on heat production on broiler 
strains Katie Hilton*GS1, Craig Coon1, Garrett Mullenix1, Justina Caldas1, 
Judy England1, Antonio Kalinowski2 1University of Arkansas; 2Evonik
The purpose of the study was to determine the interaction of dietary amino 
acid concentrations on heat production and energy efficiency for two mod-
ern broiler strains on d 19, d 38 and d 41. Two-thousand twenty five day-
old chicks of each genetic line: Cobb MX x Cobb 500 and Ross YP x Ross 
308 were placed in floor pens and fed a common starter and grower diet 
that met or exceeded Evonik recommendations (AMINOChick® 2) for a 
period of 21 d. Starting on d 22, three varying amino acid concentration di-

ets (3,150 AMEn) were evaluated: 80%-, 100%-, and 120% of the recom-
mended ideal AA level (AMINOChick ® 2)(0.80% dLys, 1.00% dLys, and 
1.20% dLys with dMet+Cys, dThr, dVal, dIle, dArg, and dTrp adjusted to 
minimum ratio of dLys of 0.76, 0.65, 0.80, 0.71, 1.05, and 0.16, respec-
tively). Birds were moved to the respiratory chambers on d 18, d 37 and d 
40, 1 d before evaluation for a period of adaptation. Heat production [(HP)
Kcal=3.872*VO2 (L/d) + 1.195 VCO2 (L/d) (Farrell, 1974)]for broilers in 
the chambers was determined on d 19, d 38 and d 41; after HP evalua-
tion the birds were kept in the chambers for 24 h without feed to measure 
fasting heat production (FHP). The statistical analysis was achieved using 
JMP® Pro 12 (SAS®, 2015). There was no HP difference between genetic 
lines of similar BW on d 19 for the start of the finisher period. To repre-
sent the ending of finisher period, HP was determined on d 38 and d 41. 
There was no significant interaction between genetic line and diet for HP. 
Heat production was higher (+25 kcal/kg0.70) (P<0.009) with genetic line 
2 compared to genetic line 1 as a consequence of more VO2 consumption 
(+5.2 L/kg0.70) (P<0.008) and VCO2 production (+4.8 L/kg0.70) (P<0.016). 
HP (kcal/kg0.70) tended to be more with 120% AA (P<0.064) as a conse-
quence of significant VO2 consumption with 120%AA (P<0.045) com-
pared to 80%AA but, not to 100%AA diet. Body composition (DEXA) 
was significatly different for strain (P<0.001) and diet (P<0.001), but there 
was no interaction for strain X diet (P>0.05). This study indicates that the 
response of heat production to increasing AA density is the same regard-
less of genetic line.

Key Words: Indirect calorimetry, Heat production, Amino Acid

M111 Evaluation of varying dietary amino acid levels on modern 
broiler growth performance and processing yield Garrett Mullenix*GS1, 
Katie Hilton1, Judith England1, Justina Caldas1, Antonio Kalinowski2, 
Craig Coon1 1University of Arkansas; 2Evonik
A study was conducted to evaluate the interaction of dietary amino acids 
(AA) concentrations and modern commercial broiler strains. The objec-
tive was to determine if broiler strains respond differently to AA supply. 
Body weight (BW), average daily gain (ADG), feed consumption, feed 
conversion ratio (FCR), processing yields and protein turnover were eval-
uated. A total of 4050 male broilers were hatched and placed in 90 pens 
(n=45 birds/pen). The strains evaluated in the present study were Cobb 
MX x Cobb 500 and Ross YP x Ross 308. Two thousand twenty-five birds 
from each strain were used.. Commercial crumble starter and grower feed 
formulated based on AMINOChick®2 were fed 1-11d and 11-22d, respec-
tively. Five experimental finisher diets were fed 22-42d in pellet form (9 
replicates per strain/diet). Isoenergetic finisher diets (3125 kcal/kg) were 
formulated to 80%, 90%, 100%, 110%, 120% of the ideal amino acid rec-
ommendation of AMINOChick®2: 0.80%-, 0.90%-, 1.00%-, 1.10%- and 
1.20% dLys, respectively. Other first limiting amino acids were held at 
a constant ratio to dLys level: Met+Cys, 0.76; Thr: 0.65; Val: 0.80; Ile: 
0.71; Arg: 1.05, and Trp: 0.16. Birds were weighed and FCR determined at 
10, 21, 35 and 42d. At 42d, 900 birds (90 per strain/diet) were processed. 
At 42d, there were significant differences due to strain and diet for BW 
(p=0.0022, p=0.001) and ADG (p<.0001, p=0.0002), respectively. The 
birds fed the higher levels of AA were significantly heavier. The FCR was 
not significantly affected by strain. Broilers fed increasing levels of AA 
had better FCR at 42d (p<.0001). There were no strain X dietary AA level 
interactions for the d22-d42 period for BW, ADG and  FCR. On a % of 
live weight basis, breast (p <.0001), tenders (p=0.0102), and leg quarters 
(p <.0001) showed a significant difference between strains. Diet signifi-
cantly (p<.0001) affected the wings, breast, tenders, leg quarters and fat 
pad wts. On a % basis, only leg quarter (p=0.0324) yields showed a sig-
nificant difference for diet X strain interaction. Overall, current trial results 
suggests that modern broiler strains respond similarly in growth and yield 
to the increase of dietary AA levels.

Key Words: Amino Acid
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M112 Effects of feeding broilers reduced crude protein diets on growth 
performance, nitrogen excretion, and plasma uric acid from 1 to 18 d 
of age Ruben Kriseldi*GS1, Paul Tillman2, Zhirong Jiang3, William Dozier 
Iii1 1Auburn University; 2Poultry Technical Nutrition Services, LLC; 
3Ajinomoto Heartland Inc.
An experiment was conducted to determine the effects of feeding broiler 
chicks reduced CP diets while maintaining adequate essential amino acid 
(AA) concentrations on growth performance, nitrogen (N) excretion, and 
plasma uric acid (PUA) content. Seven hundred and ninety two Ross × 
Ross 708 male chicks were distributed into 88 battery cages. Eleven di-
etary treatments (TRT) were fed from 1 to 18 d of age consisting of corn 
and soybean meal as the primary ingredients. Treatment 1 was formu-
lated to contain 170 total Gly+Ser to digestible Lys (tGly+Ser:dLys) ratio 
while the other TRT contained 190 tGly+Ser:dLys ratio. Allowing only 
crystalline Met, Lys, and Thr addition, TRT 1 was formulated to contain 
24.6% CP (25.0% analyzed). Treatment 2, the positive control (PC), was 
supplemented with Met, Lys, Thr, and Gly to contain 24.9% CP (25.8% 
analyzed). Additional crystalline AA were supplemented to decrease CP 
from TRT 3 to 10. Treatment 3 was formulated with Val; TRT 4 with Val 
and Ile; TRT 5 with Val, Ile, and Arg; TRT 6 with Val, Ile, Arg, and Trp; 
TRT 7 with Val, Ile, Arg, Trp, and His; TRT 8 with Val, Ile, Arg, Trp, 
His, and Phe; TRT 9 and 10 with Val, Ile, Arg, Trp, His, Phe, and Leu. 
These additions resulted in the following analyzed CP concentration: 24.2, 
24.0, 24.5, 23.2, 23.0, 21.8, 21.8, and 20.9. Furthermore, TRT 11 was for-
mulated with Gln and the same AA additions as TRT 10 to increase the 
CP to 25.0% (24.9% analyzed). Digestible Lys was formulated to 1.20% 
with optimum ratios of TSAA (76), Thr (69), Val (76), Ile (66), Arg (104), 
and Trp (19). Measures of broiler performance were determined at 17 d 
of age. Blood and excreta were collected on d 18 to determine PUA and 
N excretion. Broilers fed PC had lower (P < 0.05) feed conversion ratio 
compared with broilers fed TRT 6, 7, 8, 9, 10, or 11. The PC fed birds also 
had increased (P < 0.0001) BW gain compared with broilers fed TRT 11. 
Feeding dietary TRT 4 (9.03 mg/dL) lowered (P = 0.011) PUA compared 
with dietary PC (10.85 mg/dL). Nitrogen excretion decreased (P = 0.003) 
by 6.3 percentage points when birds fed TRT 8 (32.6%) compared with 
the PC (38.9%) fed birds. These results indicated that AA supplementation 
with maintained tGly+Ser:dLys ratio at 190 may allow CP reduction up to 
4.9 percentage points (from 25.8% to 20.9% for BW gain) and 2.6 per-
centage points (from 25.8% to 23.2% for feed conversion ratio) without 
compromising growth performance.

Key Words: Glycine, amino acids, reduced crude protein, nitrogen, uric 
acid

M113 Growth performance and meat yield responses of Ross × Ross 
708 male broilers fed diets formulated with distiller’s dried grains with 
solubles varying in ether extract content and inclusion rate from 1 to 
49 days of age Klinton Mccafferty*GS, Joseph Hess, William Dozier, Iii 
Auburn University
An experiment was conducted to evaluate the effects of diets contain-
ing low-, moderate-, or high-oil DDGS included at conventional- or in-
creased-inclusion rates fed to Ross × Ross 708 broilers from 1 to 49 d of 
age. Three sources of distiller’s dried grains with solubles (DDGS) had 
ether extract contents of 6.06, 8.80, or 11.59%, on DM basis, represent-
ing low- (L-DDGS), moderate- (M-DDGS), or high- (H-DDGS) DDGS, 
respectively. Diets were formulated to contain corn, soybean meal, ani-
mal protein meal, and 1 of the 3 DDGS sources at either 5, 7, 9, or 11% 
(conventional-inclusion rate) and 8, 10, 12, or 14% (increased-inclusion 
rate) in the starter (1 to 14 d), grower (15 to 24 d), finisher (25 to 34 d), 
and withdrawal (35 to 49 d) periods, respectively. Apparent MEn and di-
gestible amino acid values of the 3 DDGS sources were determined from 
previous research at our laboratory. One thousand five hundred (25 per 
pen; 0.09 m2 per bird) broiler chicks were randomly distributed to 60 floor 
pens (10 replicates per treatment). Dietary treatments were provided as a 
3 × 2 factorial arrangement with DDGS source (L-DDGS, M-DDGS, or 

H-DDGS) and inclusion rate (conventional- or increased-) being the main 
factors. Feed conversion was decreased with broilers fed the increased-
inclusion rate (P < 0.05), and H-DDGS source (P < 0.05), but BW gain, 
feed intake, and mortality were similar (P > 0.05) among the treatments 
from 1 to 14 d of age. Interaction effects (P < 0.05) were observed for BW 
gain and feed intake from 1 to 24 d of age. Broilers fed the M-DDGS at 
the conventional-inclusion rate had higher BW gain and feed intake than 
broilers provided the H-DDGS at the conventional-inclusion rate. No dif-
ferences were detected for BW gain and feed conversion from 1 to 34 and 
1 to 49 d of age. Broilers fed the L-DDGS source (P < 0.05) had a higher 
abdominal fat percentage than broilers fed the M-DDGS and H-DDGS 
sources. However, no treatment differences (P > 0.05) were apparent for 
meat yields. These data indicated that DDGS source and inclusion rate did 
not affect cumulative growth and carcass characteristics of broilers from 
1 to 49 d of age.

Key Words: Broiler, DDGS, ether extract

M114 Effect of changing energy-protein ratio with different inert fillers 
on starting broilers Jundi Liu*GS, Justin Fowler University of Georgia
Reducing the energy in a diet by using an inert filler is a common method-
ology in enzyme studies. Those inert fillers reduce the metabolizable en-
ergy without increasing the substrate available to the carbohydrase being 
studied. The purpose of this study was to examine the effects of changing 
energy-protein ratio while using sand or diatomaceous earth as an inert 
filler on starting broilers. The experimental design consisted of one control 
treatment (3050 ME kcal/kg, 22% protein) and a 2 (2850 ME kcal/kg, 22% 
protein and 2850 ME kcal/kg, 20.5% protein) x 2 (sand and diatomaceous 
earth) factorial yielding a total of 5 treatment groups, with each treatment 
consisting of 9 replicates. Each replicate pen included 5 Cobb-Cobb broil-
ers obtained on the day of hatch. Diets were fed for a period of 21 days 
with weekly pen body weight and feed consumptions measured. All data 
were analyzed using the General Linear Model procedure (SPSS V 23.0). 
Treatment means were deemed significant at P ≤ 0.05 and separated using 
Duncan’s Multiple Range Test. As expected, body weights were decreased 
(P < 0.05) in the treatments that had reduced energy. Among the reduced 
energy treatments, only the 20.5% protein with sand treatment showed 
similar body weights when compared to the control group throughout all 
three weeks. All of the other reduced energy treatments had lower body 
weights (P < 0.05). Feed conversion was also increased (P < 0.05) among 
the lower energy treatments. These data confirm the negative effects of 
reducing the energy level in broiler diets and suggest that adding sand 
along with correcting the energy-protein ratio has a beneficial effect on 
broiler performance, and therefore doing either may confound the results 
in energy enzyme efficacy studies.

Key Words: NSPase, inert filler, growth performance, reduced energy, 
broiler

M115 Effects of dietary protein, energy and β-mannanase on laying 
performance, egg quality, and ileal amino acid digestibility in laying 
hens. Roshan Adhikari*GS1, Jae Lee2, Woo-Kyun Kim1 1University of 
Georgia; 2CTCBIO Inc.
β-mannan is a non-starch polysaccharide found in hulled and dehulled 
soybean that can survive drying-toasting phase of processing soybean and 
have anti-nutritive effects in poultry. β-mannanase is an active enzyme 
(endohydrolase) that can hydrolyze β-mannan in feed to reduce its anti-
nutritional effects. Two experiments were conducted to evaluate the ef-
fects of β-mannanase supplementation in low energy/protein diets on egg 
production, egg quality, and apparent ileal digestibility of the dry matter 
(DM), crude protein (CP), and amino acids in 21 wk-old Single Comb 
White Leghorn hens (Hy-Line W-36). Sixty-four hens (8 replicates of 2 
hens per cage) for a digestibility study and 192 hens (8 replicates of 6 hens 
per treatment) for a production study were randomly allocated to 4 experi-
mental treatment in a 2 × 2 factorial arrangement. Four dietary treatments 
were corn and 44% CP SBM (ME: 2,850 kcal/kg CP: 18.5%) (CS) and CS-
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low (ME: 2,750 kcal/kg CP: 17.5%), with or without 0.05% β-mannanase 
enzyme. Hens were fed experimental diets for 14 days for the digestibil-
ity study and 8 wks for the production study. Hen-day egg production 
(HDEP), weekly feed intake, and biweekly egg quality parameters were 
recorded. Significant interaction (P < 0.01) was observed between energy/
protein and enzyme in feed intake of laying hens at wk-3, wk-6 and wk-8 
of the study. Birds fed diets without inclusion of β-mannanase had higher 
feed intake than the birds fed diets with β-mannanase at wk-4 and wk-7. 
Inclusion of β-mannanase significantly increased (P < 0.03) HDEP at wk-
2, wk-3, wk-5, and wk-7 of the study period. However, there was no effect 
of nutrient density or enzyme supplementation on egg quality parameters. 
Inclusion of β-mannanase significantly improved (P < 0.01) apparent ileal 
digestibility of lysine, histidine and tryptophan in the diet. The results of 
these experiments indicate that supplementation of β-mannanase could 
improve HDEP and apparent ileal digestibility of lysine, histidine and 
tryptophan in corn/soy diets fed to laying hens.

Key Words: layers, β-mannanase, soybean meal, egg production, amino 
acid digestibility

M116 Evaluating the efficacy of a Bacillus-based direct fed microbial 
in comparison to an antibiotic growth promoter on broiler growth 
performance and carcass yield Cody Flores*GS1, Austin Jasek1, Danny 
Portillo1, Nathan Augspurger2, Jason Lee1 1Texas A&M University; 2JBS 
United, Inc.
This study evaluated the effect of a Bacillus-based direct fed microbial 
(DFM) in comparison to a known antibiotic growth promoter (AGP) 
on broiler growth performance. Three dietary treatments were fed in a 
randomized complete block design with 10 replications of 35 Cobb 500 
males/pen for a total of 1050 broilers placed on built-up litter for a 41 day 
evaluation period. The dietary treatments included: a non-medicated con-
trol comprised of a standard corn/soy diet with 5% DDGS inclusion and 
phytase, control with bacitracin methylene disalicylate (BMD) included 
at 50 g/ton, and control supplemented with DFM at 1 lb/ton. On day of 
placement, all birds were spray vaccinated with a commercially available 
coccidiosis vaccine in a commercial spray cabinet and allowed to preen 1 
hr prior to randomization and placement. Three dietary phases were fed 
throughout the duration of the trial: starter (d 0-14, crumble), grower (d 
15-28, pellet), and finisher (d 29-41, pellet). Body weight (BW) and feed 
consumption measurements were taken at the conclusion of each dietary 
phase and were used to calculate body weight gain (BWG), feed intake 
(FI), and mortality-corrected feed conversion ratio (FCR). After an 8 hour 
feed withdrawal, 6 birds per replicate pen were selected to determine car-
cass without giblets (WOG) and breast meat weight and yield. During the 
starter and grower phases as well as cumulatively through d28 and d41, 
DFM supplementation significantly (P≤0.05) increased feed consumption 
(g/bird/day) compared to the non-medicated control and produced similar 
results to BMD inclusion (5.4% and 4.1%, respectively on d41). Aver-
age BW of broilers supplemented with DFM were significantly (P≤0.05) 
higher than those fed the non-medicated control and produced similar re-
sults to BMD treated birds during all phases of the trial (5.2% and 3.6% 
increase respectively on d41). Following processing, DFM supplementa-
tion produced a significantly (P≤0.05) heavier average chill weight than 
the non-medicated control with BMD treated birds being intermediate. 
Supplementation with DFM increased (P≤0.05) carcass yield compared to 
the non-medication control while producing similar results to BMD inclu-
sion. In conclusion, dietary inclusion of a Bacillus-based DFM improves 
broiler performance and carcass yield to similar levels observed with a 
common antibiotic growth promotor.

Key Words: Direct Fed Microbial, Broiler, Performance, Processing 
Yield

M117 Investigation of the nutritional and immune benefits of feeding 
a microbial protein product to laying hens Jinlei Wen*GS, Michael Persia 
Virginia Tech
As world populations continue to grow, the demand for resource efficient 
lean protein will continue to rise. As so, alternatives to traditional grains 
and oil seeds for poultry production need to continue to be developed and 
evaluated for use in animal production systems. The objective of this ex-
periment was to determine the effects of feeding a microbial protein prod-
uct (MPP) on performance and immune status of first cycle laying hens. 
In total, 144 Hy-line W36 laying hens (34 wk of age) were randomly as-
signed to 3 treatments with 12 replicates of 4 birds for each replicate. Hens 
were maintained two to a cage (120 sq in/bird) and two consecutive cages 
were considered an experimental group. Hens were on a 16:8 light and 
temperatures were maintained between 70 and 80 °F. The control fed birds 
consisted of a corn-soybean meal (SBM) diet, treatment fed birds con-
sumed a corn-SBM diets with approximately 7.5% or 15% MPP formu-
lated to replace mostly SBM and corn. The MPP was analyzed to contain 
46.7% crude protein, 3241 kcal/kg gross energy, 5.6% crude fiber, 31.5% 
non fiber carbohydrate, 0.9% crude fat and 20.9% ash. To ensure hens 
did not over consume feed, feed intake was controlled to 95g/hen/d. Hen-
housed egg production (HHEP) and mortality were monitored daily. Eggs 
were collected over four continuous days monthly for Feed Conversion 
Ratio calculations and egg quality analysis. At the end of 16 wk period, 
spleen samples were collected and weighed. All data were analyzed using 
ANOVA and means were separated either by repeated measures using a 
Turkey adjustment or using Fisher’s LSD test. In both cases, significance 
was accepted at P ≤ 0.05. Laying hens fed the control and 7.5% MPP 
resulted in significantly higher HDEP (86.7 and 88.7%, respectively) than 
the 15% MPP (83.5%). As expected, feed intake was similar due to con-
trolled feeding and there were no mortality over the 16 weeks. There was 
no difference of relative spleen weights. Body weight loss was greater in 
the 15% MPP in comparison to both the control and 7.5% MPP fed birds. 
In summary, 7.5% of the MPP was able to at least maintain if not improve 
egg production in laying hens, but 15% MPP resulted in reduced perfor-
mance, especially at the end of the 16 week experiment.

Key Words: Laying hen, Mircorbial protein, Egg production, Spleen 
weight

M118 The effect of direct-fed microbial (PrimaLac) on performance 
and AMEn in turkey poults Samantha Black*GS1, Jesse Grimes1, Vivek 
Fellner1, Mark Young2 1North Carolina State University; 2Star Labs/
Forage Research, Inc
Two battery trials were conducted to determine if a direct-fed microbial 
(DFM) (PrimaLac) was effective in improving turkey poult performance 
and AMEn in corn, wheat, soy diets fed to Nicholas 700 male turkey poults. 
In trial 1, a low, no added fat diet (1%) with treatments (T) 0, 1, 2 and 4 lb/
ton of DFM were fed to poults in 48 cages to 21 d. In trial 2, a 2 by 2 de-
sign was used with added fat [1% (low) or 6% (high)] and DFM inclusion 
[0(no) or 2 (yes) lb/ton] in a low fat diet. T were fed to poults in 72 cages to 
21 d. BW and feed intake (FI) for FCR were recorded weekly. Excreta were 
collected for AMEn on d 17 or 16. Cecal contents were collected on d 17 or 
21 for volatile fatty acid (VFA) analysis. Data were analyzed using JMP 
11. Means were considered significant at p < 0.05. For trial 1, T2 resulted 
in higher cumulative BW gain (BWG) over T0 with intermediate results 
for T1 and T4 (0=612b, 1=635ab, 2=642a, 4=637ab + 7.2 g). A FI trend was 
observed starting at Wk 2, with T4 consuming more than T0 or T1 with 
T2 intermediate (Cum, 0=814b, 1=832b, 2=857ab, 4=902a + 17 g). During 
Wk 2 FCR was improved for T1 over T4 with intermediate FCR for T0 
and T2 (0=0.822ab, 1=0.749b, 2=0.868ab, 4=0.942a + 0.03). A higher total 
amount of VFA was found in T0 over all other T (0=164.57, 1=130.20, 
2=142.41, 4=130.81 + 14 mM, p=0.06). All DFM had improved AMEn 
over T0 (0=3002c, 1=3063b, 2=3151a, 4=3098b + 12.5). For trial 2, there 
was improved cumulative BWG for bd fed low fat with DFM v low fat no 
DFM. High no T resulted in higher BWG over both low fat T and high yes 
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T had intermediate BWG (high no=718a, high yes=694ab, low no=667b, 
low yes=701a + 0.3 g). No differences were observed for FI. For FCR, 
high fat T resulted in improved FCR over low fat T. Low fat with DFM 
resulted in improved FCR over low fat with no DFM (High no=1.169a, 
High yes=1.184a, Low no=1.268c, Low yes=1.231b + 0.009). Both high 
fat T resulted in uplift in AMEn over low fat T, while the low fat with 
DFM had increased AMEn over low fat with no DFM (High no=3291a, 
High yes=3204b, Low no=2885d, Low yes=3111c + 18 kcal/kg). A trend 
(p=0.12) was observed for higher total VFA in low fat T over high fat T 
(High no=160.80, High yes=151.05, Low no=170.74, Low yes=169.29 + 
6.05 mM). There were observed improvements in poult performance and 
AMEn with the addition of DFM to low fat diets.

Key Words: turkey, direct-fed microbial, nutrition, energy, volatile fatty 
acids

M119 Evaluation of a pronutrient feed additive (Alquernat Nebsui) 
as a replacement for BMD when fed in conjunction with salinomycin 
in broiler diets. Coltin Caraway*GS1, Carlos Domenech2, N Martin2, John 
Brake1 1North Carolina State University; 2Biovet
Broiler live performance to 35 d was evaluated when a pronutrient feed 
additive (Alquernat Nebsui – Biovet, S.A.) was utilized as a replacement 
for BMD in starter and grower diets. The study was conducted as a 2 x 
3 factorial arrangement with 2 litter treatments and 3 dietary treatments. 
Non-vaccinated broilers hatched from the resident broiler breeder flock 
were reared on either used litter (USED) or fresh wood shavings (FRESH). 
Dietary treatments were control diet with salinomycin (CON), control 
plus BMD at 50 g/ton (BMD), and control plus pronutrient feed additive 
at 500 g/ton (NEB). A total of 30 pens housing 24 male broilers each were 
utilized with 5 replicates per treatment. Data were analyzed using SAS 
9.4 LS MEANS and GLM procedures. The FCR was improved (P<0.05) 
by FRESH versus USED litter (1.543 vs 1.556 g:g). At 28 d, broilers fed 
BMD (1624 g) exhibited decreased (P<0.01) BW when compared to both 
CON (1693 g) and NEB (1675 g). These results persisted through 35 d 
with BMD (2454 g) exhibiting decreased (P<0.01) BW compared to both 
CON (2527 g) and NEB (2519 g). Likewise, broilers fed BMD exhibited 
decreased feed intake from 22-28 d and 29-35 d when compared to CON 
and NEB (P<0.05). From 0-14 d, broilers fed NEB exhibited improved 
FCR (1.243 g:g) when compared to broilers fed BMD (1.291 g:g) with 
CON intermediate (1.262 g:g). From 15-21 d and 22-28 d, broilers fed 
BMD exhibited poorer FCR compared to both CON and NEB (P<0.01). 
Cumulatively, broilers fed BMD (1.564 g:g) exhibited poorer FCR com-
pared to both CON (1.545 g:g) and NEB (1.539 g:g; P<0.01). Analyses 
of interactions revealed that broilers fed BMD and reared on USED litter 
exhibited the poorest FCR (1.347 g:g) when compared to all other treat-
ments (P<0.01) from 0-14 d. For broilers reared on USED litter, those fed 
BMD exhibited decreased BW (P<0.01) through 35 d of age (2500 g BW). 
In this study, Nebsui appeared to have benefits over BMD through 35 d, 
which would be commercially important.

Key Words: feed additive, antibiotics, broiler, litter type

M120 Evaluation of the impact of meat and bone meal nutritional 
variability on broiler performance Christopher Eagleson*GS, Tyler Clark, 
Bryce Daniels, Ashley Eagleson, Park Waldroup, H. L. Goodwin Jr., Susan 
Watkins University of Arkansas
The nutritional composition of meat and bone meal (MBM) can vary 
due to source processing differences as well as ingredient input changes. 
The objective of this trial was to determine if varying nutritional com-
position of MBM can impact performance and yield compared to diets, 
which provide a consistent quality of MBM. Twelve hundred day-old 
male broilers from the Cobb 500 female line were randomly allocated 
to 48 pens (25 chicks/pen; 22 SF) and grown to 49 days of age. Starter, 
grower, and withdrawal diets were formulated to contain MBM at 10, 7.5 
and 5% respectively formulated using the Cobb nutritional standards. The 
four treatments provided were: 1) H.J. Baker proprietary blend, ProPlus 

57 fed continuously; 2) MBM 50 formulated diet fed continuously; 3) 
MBM 50 specs used for formulation but starting d 14, the MBM was 
rotated between MBM 45, 50 and 55 with no formulation adjustments 
to compensate for any nutritional differences: 4) MBM50 specs used in 
formulation but replaced with MBM 45 in the actual diet. Each pen was 
provided feed and water ad libitum throughout the grow-out period. Birds 
were weighed on days 0, 14, 28, and 49 and feed consumption data was 
also collected for each period. Birds were processed on day 50 and live 
weight, pre-chill, post chill, breast major and minor, wings, leg quarters, 
and rack weights were collected from individual birds. Data was analyzed 
using PROC GLM with dietary treatment serving as the main effect in 
SAS. Treatment 3 and 4 weights were significantly lower (P=.0142) at 
day 49. There were no significant differences at days 0, 14, or 28. There 
was a significant difference in feed conversion at day 14 (P=.0397) and 
28 (P=0.0003) with treatment 4 being significantly higher than treatment 
2 and 3, but treatment 4 was significantly higher than all other treatments 
at day 28. Processing results showed no significant differences in yield 
except for the racks with treatment 1 being the heaviest (P=.0352). These 
results suggest that while nutritional variability does not influence early 
performance, as birds reached heavier weights, the MBM variability im-
pacted performance. This caused birds to lag in final weights as much as 
80 grams or almost 0.2 pounds. Processing results and live production 
results were then used to produce gross margin, that is, revenues from 
harvested meat minus the feed costs. Treatment 1 was $0.11 to $0.14 per 
bird greater in gross margin than any other treatments.

Key Words: Meat and Bone Meal, Broiler Performance, Carcass Yield

M121 The effect of refined functional carbohydrates (RFCs) from 
enzymatically hydrolyzed yeast on the presence of Salmonella spp. in 
the ceca of broiler breeder hens at 65 weeks of age Grayson Walker*GS1, 
Sangita Jalukar2, John Brake1 1North Carolina State University; 2Arm and 
Hammer Animal Nutrition
Appropriate enzymatic hydrolysis of yeast can produce RFC that have 
protective activities against a range of gram negative bacterial species. 
Specifically, a RFC (Aviator SCP) has been found to possess a sugar that 
both agglutinates Salmonella and interferes with Salmonella adherence 
to the intestinal lumen. It was hypothesized that RFC form irreversible 
agglutinates with bacteria such as Salmonella, which are then eliminated 
from the intestinal tract in the feces and are no longer infectious. Ross 708 
broiler breeder pullets were reared in an enclosed biosecure litter floor 
house under standard management conditions to photostimulation at 21 
wk of age. Pullets were then transferred to a biosecure two-third slat and 
one-third litter curtain-sided laying house where they were housed until 
65 wk of age. Half of these hens received 50 g/MT of the RFC product 
in their diet continuously from day of placement and half remained as 
controls in a simple two factor design. There were no antibiotic or other 
feed treatments used. There were 8 pens of 65-80 females and 7-18 males 
(depending upon flock age and housing type) fed each diet and there was 
no effort made to isolate pens from typical daily foot traffic between all 
pens in both housing environments. This allowed the feces of treated and 
control birds to be tracked between pens daily. The cecas of 30 hens from 
each dietary treatment were aseptically excised at 65 wk of age. Cecas 
were weighed and individually tested for Salmonella spp. with selective 
plate culturing methods. Of the cecas sampled from hens fed the control 
diet, 40% were found to contain Salmonella spp., while 0% of the cecas 
from hens fed the RFC diet tested positive for Salmonella spp. These data 
demonstrated that RFC can eliminate natural Salmonella colonization of 
broiler breeder hen ceca during a complete production cycle in commer-
cial style housing.

Key Words: refined functional carbohydrates, yeast, broiler breeders, 
Salmonella, cecca
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Metabolism & Nutrition IV
M122 Influence of feed form (FF) and diet phase effects on 0-46 d 
broiler performance Mark Lemons*GS1, Christopher Mcdaniel1, Joseph 
Moritz2, Kelley Wamsley1 1Mississippi State University; 2West Virginia 
University
Previous research has focused on providing improved FF in the finishing 
growth phase of broilers (>28 d of age) to increase performance. High 
feed consumption in the finishing phase provides great potential to ob-
serve FF performance benefits due to decreased prehension energy and 
feeding time. However, due to manufacturing costs of improved FF, it may 
be more economical for poultry producers to improve FF in the starting 
and growing phases (<28 d) that are of lower volume demand. Also, it has 
yet to be determined whether FF variations in starter and grower phases 
(<28 d) has an interactive effect on subsequent broiler performance (28-46 
d). Therefore, the study utilized a 2 x 2 x 2 factorial arrangement of treat-
ments in a randomized complete block design using two FF presented in 
each of three dietary phases. The starter phase (0-14 d) provided either a 
ground crumble or intact crumble; while the grower and finisher phases 
(14-28 and 28-46 d, respectively) provided either 50 or 80% pellets. All 
diets were of a common and commercially practical formulation. Diets 
were initially manufactured to create the high FF (crumbles and 80% pel-
lets), and Low FF (ground crumbles and 50% pellets) diets were created 
from grinding a portion of the high FF diet and remixing. A total of 2,112 
Ross x Ross 708 male broilers were obtained from a commercial hatch-
ery and randomly placed in one of 176 pens (0.3 m2/bird). Dietary phase 
interacted with FF for d 46 BW (P= 0.0362). Feeding ground crumbles 
in the starter phase and 80% pellets in the finisher phase increased BW, 
whereas ground crumbles in the starter phase and 50% pellets in the fin-
isher phase decreased BW. Broilers receiving crumbles and 80% pellets 
increased feed intake and BW in the starter and grower phases (P<0.05). 
Broilers receiving crumbles decreased FCR by 0.02 in the starter phase 
(P=0.0016). These data suggest that the greatest BW gain was achieved 
when broilers were able to compensate for reduced intake and growth 
from ground crumbles in the starter phase by receiving 80% pellets in the 
finisher phase. Future research should determine if FF and dietary phase 
from 0-46 d interactively effect 46+ d broiler performance and processing 
characteristics.

Key Words: feed form, dietary phase, broiler performance, feed 
manufacture

M123 Supplementation of glycosaminoglycans and vitamin C on 
incubation and feed on the bone mineral density in broiler Elaine 
Santos*GS1, Diana Correa Castiblanco1, Liliana Borges1, Carla Domingues2, 
Thays Quadros1, Sarah Sgavioli2, Tiago Petrolli1, Natália Fonseca1, Diogo 
Goulart1, Monique Carvalhal1, Eduardo Almeida1, Lizandra Amoroso1, 
Silvana Artoni1 1Sao Paulo State University; 2Federal University Grande 
Dourados
With the vertiginous growth of body and deposition of meat, broilers 
started to present problems in bone structure, increasing the occurrence of 
tibial dyschondroplasia. The aim of this study was to determine the bone 
density in broiler chicks that received was feed with or without supple-
ment in growth period. The supplement were composed of the chondroitin 
sulfate, glucosamine sulfate and vitamin C.The experimental design was 
completely randomized in factorial with four treatments (non-injected 
eggs; eggs injected with 4% of glycosaminoglycans and vitamin C and 
addition or not supplement in feed), in total of with 760 birds, 10 replicates 
and 19 birds per pen. Statistical analyses were performed using the SAS® 
(Statistical Analysis System, 2002) program with the averages compared 
by Tukey test at 5% probability.There was significant difference (P<0.05) 
for the tibio-tarsus bone mineral content (BMC) and bone mineral density 
(BMD) at 42 days of age. Treatments received supplement in incubation 
and feed showed better to results to BMC and BMD, 3,93 g; 4,02 g; 0,25 
g/cm2; 0,25 g/cm2, respectively. There was significant interaction between 

the incubation supplementation and dietary treatments (P< 0,001). In con-
clusion, the supplementation with glycosaminoglycans (chondroitin + 
glucosamine) and vitamin C can be provided in the incubation, feed or 
both, with the effest of improving bone density of broilers.

Key Words: dysplasia, glycosaminoglycans, vitamin C

M124 The sources of lipids partitioning to adipose tissue of chicks 
during first week posthatch Nirun Boonsinchai*, Gerret Mullenix, 
Andrew Magnuson, Justina Cadas, Judy England, Craig Coon University 
of Arkansas
The objective of this study was to determine the sources of lipid in the 
adipose tissue of chicks during first week posthatch. Six breeder hens at 
25wk of age were individually housed in cages. Four hens were dosed 
with 50mg/hen/day of U-13C Linoleic acid (LA; C18:2) ethyl ester dis-
solved in 1.0ml of corn oil for 14 d, and the other two hens were dosed 
with 1.0ml/hen/day of corn oil for 14 d and used as a control. On d 13 and 
d 14, all hens were artificially inseminated and eggs were collected for a 
6-day period and incubated. On d 1, d 3, and d 6 of the collection period, 
two yolk samples from treatment hens, and one from control hens were 
saved for analysis. At hatch, three chicks from each group were randomly 
selected for adipose tissue sampling, while the rest of chicks from each 
group (6 control and 8 treatment birds) were placed in floor pens for 7 
d grow-out studies. Chicks hatched from the hens dosed with U-13C LA 
were orally dosed with 50mg/bird/day of U-13C Glucose and 50mg/bird/
day of 31D-LA for a 7 d period. On d 3 and 7 of grow-out, three control 
and 4 treatment chicks were killed by CO2 gas. The subcutaneous fat and 
residual yolk of each chick were collected. The U-13C Linoleic ethyl ester 
represents the tissue lipid deposited in egg yolk, 31D Linoleic methyl ester 
represents the lipid in egg yolk coming from the feed and U-13C Glucose 
represents de novo lipogenesis (DNL). The concentration of U-13C LA in 
the yolk decreased significantly (P<.0001) from fresh yolk (2.47 mg·g-1) 
to d 3 (0.05 mg·g-1), and was undetectable on d 7 posthatch. The concen-
tration of U-13C LA in chick adipose tissue (represents the lipid derived 
from egg yolk) was significantly reduced (P<.0001) from hatch (0.898 
mg·g-1) to d 7(0.238 mg·g-1). On the other hand, the partitioning of 31D-LA 
and 13C-PA (represented lipids from feed and DNL, respectively) were 
significantly increased (P<0.01) from d 3 to d 7 of growing chicks: 5.845 
vs. 8.139 mg·g-1 and 4.959 vs. 7.778 mg·g-1, respectively. This results in-
dicated that chicks utilize lipids from each source in different manners. 

Key Words: U-13C Linoleic acid, DNL, 31D-LA, residual yolk, baby 
chicks

M125 Effect of Broiler Breeder Maternal Age on Gene Expression in 
Liver and Abdominal Fat of the Hens as well as Liver and Yolk Sac of 
the Embryo Nirun Boonsinchai*, Craig Coon University of Arkansas
Hen age affects yolk size, hatchling weights as well as growth rate of 
progeny. Yolk sac (YS) and liver are main tissues functioning for nutrient 
utilization during embryonic development. To understand the differences 
of nutrient utilization between embryo from young and old breeder hens, 
the PCR array gene expression analyses were performed. In experiment 1, 
YS and liver were taken from three embryo on embryonic day 17 (E17) 
received from hens at 26wk (young or treatment) and 35wk (old or con-
trol) of age. In experiment 2, liver and abdominal fat were taken from 
three hens of each age. Forty eight selected genes relating to fatty acid, 
glucose, and amino acid metabolism were profiled from each samples. 
The fold regulation comparison were performed between treatment and 
control groups with fold regulation cut off at 2.0 and P-value cut off at 
0.05. In experiment 1, there were many genes that over-expressed in YS 
of embryo from young hens (PC, GPT2, LPL, PPARA, CES1, BCKDHB, 
and IVD with fold regulation of 75.45, 28.00, 23.93, 17.97, 15.08, 9.54, 
and 7.71, respectively). Interestingly, there were some genes that signifi-
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cantly (P<0.05) under expressed in YS, but over expressed in the embry-
onic liver (FABP2, LRP2, PKM2, APOA1, PCK1, G6PC2, and SREBF1 
with fold regulation of 1054.61, 191.67, 9.27, 5.36, 4.33, 3.30, and 2.390, 
respectively). In experiment 2, the dominant over-expressed genes in the 
liver of young hens over the control were fatty acid metabolism genes 
(SCD, ELOVL6, ACACA, LPL, FBP1, PPC, and APOA1 with fold 
regulation of 7.27, 4.50, 4.41, 4.39, 3.27, 3.25, and 3.22, respectively), 
while there were only few genes that under expressed: ACAD11, PCK1, 
and H6PD. In term of abdominal fat, there were not much different in 
gene expression between young and old hens. The over-expressed genes 
were LPL, G6PC2, CD36, PPARG, and BCKDH8, whereas the under-
expressed gene were ACAD11, FBP1, PC, GPT2, SCD, and PPC. These 
results indicate that embryo from young hens are short of energy because 
many genes involved with fatty acid and carbohydrate metabolism were 
under-expressed in YS on E17, which in turn they were over-express in 
the E17 liver to compensate the energy supply. 

Key Words: hen age, gene expression, embryonic day, liver, yolk sac

M126 Variability of corn distillers solubles oil quality and carotenoid 
content bioavailability as determined by skin pigmentation in broiler 
chickens. Marta Viguie*GS, Kimberly Livingston, Ramon Malheiros, Peter 
Ferket North Carolina State University
Corn distillers solubles oil (CDSO) is a co-product of the corn ethanol 
distillers process that may be used as a source of carotenoids to enhance 
pigmentation of broiler skin in addition to its dietary energy value. The ob-
jectives of this study were to survey the variability in quality and content 
of carotenoids in CDSO produced by different ethanol plants; and deter-
mine the carotenoid bioavailability based on skin pigmentation in broilers. 
CDSO samples from 11 ethanol plants were assayed for fat quality and 
carotenoid contents by HPLC. The mean ± std fat quality indicators and 
carotenoid composition of the CDSOs were determined to be 1.5 ± .20 
MIU, .2 ± 0 meq/kg PV, 20.4 ± .20 p-anisidine, 49.64 ± 26.37 meq/kg 
20h AOM, and 229.7 ± 47.68 ppm total carotenoids (96.7 ± 21.1 trans-
lutein, 75.53 ± 17.9 trans-zeaxanthin, 35.9 ± 8.96 cis-lutein/Zeaxanthin, 
12.1 ± 4.43 alpha-cryptoxanthin, and 9.4 ± 1.86 beta-cryptoxanthin). The 
CDSO samples containing the lowest carotenoid levels were the least 
stable as measured by increased 20h AOM. CDSO of acceptable qual-
ity was sourced to be used in a carotenoid bioavailability study relative 
to commercial pigments. Basal starter and grower diets containing white 
corn and soybean meal were supplemented with 0, 25, 50, 75, and 100 
% of CDSO added in place of 4% added soybean oil. To serve as posi-
tive controls, 2 dietary treatments containing Yellow Pixifil Liquid-LZ 
(Alcosa Biotec, S.A., Apaseo El Grande, Mexico) or Oro Glo 15 Liquid 
(Kemin, Des Moines, IA) supplied the same level of total carotenoids as 
the 100% CDSO diet. Ross 344X708 chicks were randomly assigned 
among 7 replicates/treatment (10 chicks/replicate) with ad libitum access 
to feed and water. Foot-shank color values (a*,b* and L) was evaluated 
using a minolta colorimeter at 14, 21, and 28 d of age. Shank yellowness 
(b) increased linearly as dietary CDSO level increased (P<0.001), and 
100% CDSO resulted in similar pigmentation as the commercial products 
(P>0.05). Performance did not differ among treatments through 28 d of 
age (p>0.05). Although total carotenoid content of CDSO varies among 
ethanol plants (~20% CV), the bioavailability of CDSO carotenoids is 
similar to commercial marigold pigment products based on yellow skin 
pigmentation intensity.

Key Words: Corn distillers solubles oil, carotenoids, skin pigmentation, 
broilers

M127 Assessing safety of Moringa oleifera seed and leaf meal as 
potential alternative antibiotic in poultry production Isaac Adejumo1, 
Olufemi Adebiyi*2, Theophilus Babalola3, Christianah Olopade1, Blessing 
Odoemelam1 1Landmark University; 2University of Ibadan; 3Federal 
University Oye-Ekiti
Antibiotics administered in poultry as growth promoters and for preven-
tion and control of bacterial contamination are confronted with several 
constraints, resulting in a threat to animal food safety. Hence, there is a 
global search for alternative effective antibiotics, particularly of plant ori-
gin to combat avian diseases. In this 21 d completely randomised design 
study, the safety assessment of Moringa oleifera seed and leaf meal as 
potential alternative antibiotic was evaluated in broiler chickens at finisher 
phase. 140 4-weeks old broiler chickens were used. The birds were ran-
domly distributed into 4 treatment groups. Each treatment had 5 replicates 
with 7 birds per replicates. Treatment 1 (T1) was the negative control, 
birds in Treatment 2 (T2) were administered with oxytetracyline (positive 
control) while birds in Treatments 3 and 4 were fed diets containing 0.25% 
of raw dried moringa seed meal and 0.25% raw dried moringa leaf meal 
respectively. Growth performance and haematology were measured ac-
cording to standard methods. Data obtained were analysed using analysis 
of variance α0.05. Results obtained for growth performance and haematol-
ogy were similar across the treatments. No mortality was recorded across 
the treatments. It is thus concluded that Moringa oleifera leaf and seed 
meal at the levels of inclusion were tolerated by the chickens, having 
passed this safety test and hence, could serve as a potential alternative 
antibiotic in poultry production.

Key Words: antibiotics, broilers, Moringa oleifera, safety assessment

M128 A mixture of medium chain fatty acids will reduce antibiotic 
resistance Manu De Laet*, Katrien Deschepper, Renato Costa, Rob 
Goedegebuure, Ellen Van Meenen Nuscience
Antibiotics are widely used for the prevention, control and treatment of 
diseases and infections. In the 20th century, livestock and poultry produc-
ers incorporated antibiotics into their comprehensive animal husbandry 
practices. But there are global concerns that antibiotics may be used too 
often. In 2006 for example, 96% of all the birds slaughtered in the world, 
were treated with an antibiotic. This overuse of antibiotics in the poultry 
industry can cause antibiotic resistance, and this can be a huge treat for the 
human population. The objective of the described study was to determine 
whether Aromabiotic, a carefully balanced mixture of medium chain fatty 
acids can help to reduce the use of antibiotics. 

The large field experiment was carried out with 7500 Ross 308 birds in 
3 treatments (2500 birds per treatment). For this experiment, we chose to 
do a field trial, to obtain the same infection pressure as in the real poul-
try farms. The first group (group AGP) of birds received a standard feed 
with Avilamycine (10 ppm) and Flavomycine (5 ppm). The second group 
(group OA) received the same standard feed with a mixture of organic 
acids (1 kg/MT) during the whole experimental period. The third and last 
group (group AB) received the standard feed with 0.5 kg/MT Aromabiotic 
MCFA, also during the whole experimental period. The birds are reared 
until 35 days. At the end, body weight, daily weight gain, FCR and mortal-
ity were recorded.

At day 35, the body weight of group AB (1744 g/bird) was higher than the 
other two groups (1718 g/bird for group AGP and 1695 g/bird for group 
OA). The same trend has been seen in the daily weight gain (44.8 g/bird/
day for group AB vs 44.1 g/bird/day for group AGP and 43.5 g/bird/day 
for group OA). The FCR was lower for group AB (1.92), compared to 
the two other groups (1.97 for group AGP and 1.94 for group OA). The 
mortality was slightly higher for group AB (3.64 %) vs group AGP (3.12 
%), but was still better than group OA (4.04 %).

In conclusion, it is clear that the medium chain fatty acids prove to be 
the excellent alternative for antibacterial growth promoters. Aromabiotic 
MCFA outperformed also the organic acids as an antibiotic-alternative. In 
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the end, it is possible to achieve a healthy and sustainable poultry produc-
tion with the help of Aromabiotic Poultry, lowering the chance for antibi-
otic resistance.

Key Words: Antibiotics, Medium chain fatty acids, Resistance, 
Performance

M129 The relationship between guanidino acetic acid and metabolize 
energy level of diets on performance of broiler chickens Alaeldein 
Abudabos* King Saud University
The aim of this work was to investigate the effects of 2 levels of guanidino 
acetic acid (GAA) in a commercial form (CreAMINO®) and 4 levels of 
metabolizable energy (ME): (75, 50 and 25 kcal/kg less than the control) 
on performance and carcass characteristics of broiler chickens. The eight 
dietary regiments were tested for 3 periods: starter, grower and finisher by 
utilizing a total of 200 male broiler chickens in (2x4) factorial arrange-
ments. The results revealed a positive effect for CreAM supplementa-
tion on feed conversion ratio (FCR) for the starter, grower, finisher and 
cumulative periods (P<0.05, 0.05, 0.01 and 0.001, respectively). During 
the grower period, a significant difference in FCR was observed for ME 
level, birds converted feed more efficiently as the level of dietary energy 
increased in a linear trend (P<0.01). When examining the cumulative pe-
riod (0 to 35 days of age), two-way interaction was significant for FI and 
BWG. Birds which had received the control level of energy, 75 or 50 kcal/
kg lower ME than the control, consumed less feed when these diets were 
supplemented with CreAM. While, birds which received (25 kcal/kg) 
lower ME or the control energy levels gained more weight when CreAM 
was supplemented. In summary, GAA improved FCR of broilers in each 
period as well as cumulatively, while ME level also affected FCR, but not 
in a linear fashion. CreAMINO® supplementation to reduced-energy diets 
showed FCR improvements, while the best performance could be detected 
for the diet with 50 kcal/kg less ME.

Key Words: Guanidino Acetic Acid, CreAMINO®, Broilers, 
Performance

M130 Performance of Broilers Fed Diets Supplemented with Medium 
Chain Fatty Acids, or Medium Chain Fatty Acids plus a Prebiotic and 
Challenged with Clostridium perfringens. T.P. Karnezos*1, R. Dvorak1, 
C. Novak2 1PMI Nutritional Additives; 2Purina Animal Nutrition
A 42-day, 30 bird/pen, 5 treatment, 10 replications (50 pens) broiler study 
was conducted to compare the performance, feed conversion and lesion 
scores of straight-run Cobb 500 broiler chicks, vaccinated with Cocci-
vac® and challenged with Clostridium perfringens on Day 17. Dietary 
treatments were: 1) negative control (no additives); 2) positive antibiotic 
control (BMD 50 g/US ton in starter and grower, and STAFAC 20 g/US 
ton in finisher); 3) MCFA Full (4 lb./US ton in starter, 3 lb./US ton in 
grower, 2 lb./US in finisher); 4) MCFA Half (2 lb./US ton in starter, 1.5 lb./
US ton in grower, 1 lb./US in finisher), and 5) MCFA + Prebiotic combina-
tion (4 lb./US ton in starter, 3 lb./US ton in grower, 2 lb./US in finisher). 
Day 21 body weights, feed conversion and mortality-adjusted feed con-
version ratios were better (p≤0.05) for the supplemented diets than the 
negative control. Day 21 necrotic enteritis lesion scores for the positive 
control and MCFA Full were similar and lower (p≤0.05) than the negative 
control whereas MCFA Half and MCFA + Prebiotic were similar to the 
negative control. Day 42 body weights for MCFA Full and MCFA Half 
were similar (p>0.05) to the positive control and greater (p≤0.05) than 
negative control. Day 0-42 feed conversion ratios for all dietary treatments 
were better (p≤0.05) than negative control and MCFA Full and MCFA + 
Prebiotic being similar (p>0.05) to the positive control. MCFA Full and 
the positive control had improved (p≤0.05) 0-42 day mortality-adjusted 
feed conversion ratios compared to negative control. Day 0-42 mortality 
% were lower (p≤0.05) for each of the additive treatments (range 3.79 to 
1.11%) compared to the negative control (9.01%). The European Poultry 
Efficiency Factor (EPEF) Day 42 scores (range 238.1 to 245.7) for all 
additive treatments were similar (p>0.05) and higher (p≤0.05) than the 

negative control (197.9). For this study, MCFA Full was comparable to 
antibiotic growth promotant feeding program of BMD 50 g/US ton in the 
starter and grower feeds shuttled to STAFAC 20 g/US ton in the finisher 
feeds in supporting live performance and reducing necrotic enteritis lesion 
scores of broilers that were vaccinated for coccidiosis, exposed to used lit-
ter, and challenged with Clostridium perfringens in a litter floor pens trial.

Key Words: Medium Chain Fatty Acids, Clostridium perfringens, 
Necrotic Enteritis, Broiler, Weight Gain

M131 Comparative Efficacy of Biostrong Forte plus Biostrong 510 
to the AGP Virginiamycin Administered in the Feed for the Control 
of Necrotic Enteritis caused by Clostridium perfringens in Broiler 
Chickens C. Novak*1, S. Pusey2, T.P. Karnezos3 1Delacon USA; 2Purina 
Animal Nutrition; 3PMI Nutritional Additives
A 49-day, 50 bird/pen, 5 treatment, 10 replications (50 pens) broiler study 
was conducted to compare the performance, feed conversion and necrotic 
enteritis lesion scores of Cobb X Cobb male broiler chicks, vaccinated 
with Coccivac®-B52 and challenged with Clostridium perfringens on 
Days 19, 20 and 21. Dietary treatments were: 1) negative control (no addi-
tives); 2) positive antibiotic control (Virginiamycin 20 g/US ton from 0 to 
49 days); 3) BF500 (Biostrong Forte (500ppm) at 1 lb./US ton from 0 to 
28 days + Biostrong 510 at 0.30 lb./US ton from 29 to 49 days; 4) BF750 
(Biostrong Forte (750ppm) at 1.5 lb./US ton from 0 to 28 days + Biostrong 
510 at 0.30 lb./US ton from 29 to 49 days;, and 5) BF1500 (Biostrong 
Forte (1500ppm) at 3 lb./US ton from 0 to 28 days + Biostrong 510 at 0.30 
lb./US ton from 29 to 49 days;. Day 0-28 body weights and feed intakes 
were similar (p>0.05) whereas feed conversion ratios were better (p≤0.05) 
for the supplemented diets (range 1.672 to 1.648) than the negative con-
trol (1.723). Day 0-49 intakes were similar (p>0.05) for all treatments 
while body weights for the supplemented diets were similar (p>0.05) to 
the positive control and greater (p≤0.05) than negative control. Day 0-49 
feed conversion ratios for the positive control (1.867) and BS1500 (1.926) 
were better (p≤0.05) than the negative control (2.004), BF750 (1.956) and 
BF500 (1.961) treatments. Mortality (ranged from 5.7 to 2.6%) and lesion 
scores were not different (p>0.05) across all treatments. For this study, the 
combination of Biostrong forte and Biostrong 510 was comparable to an 
antibiotic growth promotant feeding program of STAFAC 20 g/US ton in 
supporting live performance of broilers that were vaccinated for coccid-
iosis, exposed to used litter, and challenged with Clostridium perfringens.
Key Words: Clostridium perfringens, Necrotic Enteritis, Biostrong Forte, 
Biostrong 510, Broiler

M132 L- and DL-methionine in male Ross 708 broilers from 0 to 35 
days of age Ariane Helmbrecht*1, John Thomson2, Robert Payne2 1Evonik 
Nutrition & Care GmbH; 2Evonik Corporation
The first limiting sulfur amino acids (AA) are balanced in poultry diets 
by addition of a methionine (Met) source to avoid depression in growth 
performance. Besides established Met sources like DL-Met (DLM), pure 
L-Met (LM) recently entered the market. While the D-isomer of Met 
needs to be converted to the L-isomer by the organism, LM is directly 
available for metabolism. Few trials have been published which compare 
LM and DLM in broiler diets; majority of these published trials found no 
differences in animal performance. The objective of the current trial was 
to investigate the difference between L- and DLM in broiler diets from 
day 0 to 35.

A total of 3465 male Ross 708 broilers were randomly allocated to 9 
treatments each of 7 replicates (55 birds/replicate). A corn-soybean meal 
based basal diet deficient in sulfur AA and without supplemented Met was 
supplemented with 0.04, 0.08, 0.16, and 0.24% DLM or LM, respectively. 
All other nutrients and energy met or exceeded the requirements. Birds 
were phase fed 0-14, 14-28, and 28-35 days of age; nutrient and energy 
content were adjusted accordingly but Met supplementation levels were 
kept the same. Results for body weight (BW), body weight gain (BWG) 
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and feed conversion ratio (FCR) were analyzed by simultaneous exponen-
tial regression to compare the slopes of LM and DLM. Birds of basal diet 
showed significantly (p<0.05) lower BW (1.858kg) and BWG (51.72g/d) 
and higher FCR (1.765) than any other treatment. The nutritional value of 
LM in comparison to DLM was 88, 81, and 86% for BW, BWG and FCR, 
respectively. Although no health issues were observed, growth perfor-
mance of 0.24% LM group appeared to be an outlier. Therefore, data was 
re-analyzed by regression without the 0.24%-levels. Higher nutritional 
values (92, 87, and 94% for BW, BWG and FCR), higher correlations (96 

and 93 to 100 and 99%) and narrower confidence intervals (37-140 and 
16-146 to 69-116 and 58-117%) for BW and BWG were found. No differ-
ences between Met sources could be detected as confidence intervals in-
cluded 100%. We conclude from these results that no difference between 
L- and DLM in balancing for the available sulfur amino acid content in 
diets for male broilers from 0 to 35 days of age. Both sources can equally 
be used in broiler diets.

Key Words: broiler, methionine, bio-efficiency, L-methionine, DL-
methionine

Metabolism & Nutrition V
T133 Effect of feeding fermented cowpea husk on the performance 
of growing Japanese Quails Rasheed Hamzat1, Mustapha Sabo*1, 
Abdulhamid Adebowale2, Olabisi-Taiwo Hamzat1 1Federal University, 
Dutsin-Ma, Nigeria; 2Crescent University
A seven-week feeding trial was conducted to evaluate the effect of fer-
mented cowpea husk inclusion at the expense of maize offal on the growth 
performance of growing Japanese quails. 480 two- week old Japanese 
quails were used in a completely randomized design with 5 treatments 
replicated four times with 24 quails per replicate. The treatments were 0% 
cowpea husk (0% CH), 5% raw cowpea husk (5% RCH), 10% RCH, 5% 
fermented cowpea husk (FCH) and 10% FCH. Feed intake and weight 
gain were measured weekly. Age at first lay, weight at first lay and weight 
of first egg were all recorded. Eight quails per treatment were used for 
carcass evaluation. Dressing percentage, weights of liver, gizzard, heart 
and intestine and intestinal length were all measured. The results obtained 
showed no significant difference (P>0.05) among the treatment means in 
final weight, weight gain, feed intake, age at first lay and weight of first 
egg. Feed conversion ratio (FCR) was highest (P<0.05) for quails fed the 
10% RCH (6.14) compared to the 5% RCH (5.34). 0% RCH, 5% FCH and 
10% FCH had similar (P>0.05) FCR to both the 5% RCH and 10%RCH. 
Carcass parameters assessed in this study were not significantly (P>0.05) 
affected by the inclusion of RCH or FCH in the diets of growing Japa-
nese quails. The results of this study indicated that RCH and FCH can be 
included at 10% level in the diets of growing Japanese quails without ad-
verse effects on their performance.

Key Words: cowpea husk, maize offal, Japanese quails, growth 
performance, carcass evaluation

T134 Immunological and anti-eimeria activities of hot water and 
methanol extracts of Pleurotus sajor-caju in broiler Muhammad Ullah*, 
Masood Akhtar, Mian Awais Bahauddin Zakariya University Multan 
Pakistan
Statement for purpose of experiment

Experiment designed to evaluate the immunological and anti-eimeria ac-
tivities of a locally available mushroom Pleurotus sajor-caju in broiler as 
a supporting medicinal option to enhance immunity in general and to sup-
port anti protozoal medicinal profile specifically against eimeria infection 
in broiler.Description of Experimental Design

150 day old broiler birds grouped (n=50) into three at day 5th of experi-
ment after acclimatization. hot water and methanol extracts given at day 
7-9 to first two groups respectively and third group kept as control. At 
day 14, all three groups further divided into 2 subgroups (n=25), one for 
immunological and other for anti eimeria evaluation. Lymphoprolifera-
tive response to PHAP and haemagglutination tests performed for cel-
lular and humoral immune response, respectively. Anti-eimeria activities 
evaluated through protection against eimeria infection, oocyst per gram 
of droppings, lesion scoring and weight gains. 

Abstract including conclusion

Locally grown oyster mushroom Pleurotus sajor-caju procured, dried 
and processed for extraction in hot water and methanol followed by ly-
ophilization. Proximate analysis of lyophilized hot water and methanol 
extracts performed to determine the amount of crude fiber, crude protein, 
ether, ash and nitrogen-free extract. Hot water and methanol extracts were 
subjected to immunomodulatory and anti-eimeria (mixed specie) evalua-
tion in broiler. Experiment groups given hot water and methanol extracts 
showed significantly higher (P < 0.05) cellular immune response in terms 
of lymphoproliferative response to phytohemagglutinin-P in comparison 
with control. Humoral immune response showed higher immunoglobu-
lin (total Ig, IgG, and IgM) titers against sheep red blood cells in treated 
groups compared with control. However, values obtained in evaluation of 
lymphoid organs were statistically nonsignificant (P > 0.05) among treated 
and control groups. Anti-eimeria studies revealed significantly higher (P < 
0.05) percentage of protection against mixed specie eimeria infection in 
groups given hot water and methanol extract of Pleurotus sajor-caju when 
compared with control. Moreover, oocysts per gram of feces and lesion 
scoring of intestine observed in the control group were significantly higher 
(P < 0.05) compared with those groups administered with hot water and 
methanol extracts of Pleurotus sajor-caju. Results determined that Pleu-
rotus saor-caju extracts including hot water and methanol extracts had 
unusual capacity to boost immune system in broiler. Further, these extracts 
also had excellent anti-eimeria activities in broiler.

Key Words: Eimeria, Coccidiosis, Pleurotus sajor-caju, Immunological, 
Mushroom

T135 Efficacy evaluation of heat ameliorating activity of Ayucee 
premix in broilers Manju Gatne1, Mohan Ji Saxena2, Ravikanth Kotagiri2, 
Adarsh Chaudhary2, Shivi Maini*2 1Bombay Veterinary College; 2Ayurvet 
Limited

The study was designed to assess the efficacy of herbal vitamin C with 
bioflavonoids supplement during summer stress (30-38ºC, RH% 50-70). 
60 day old broiler chicks (Vencobb 240) of nearly similar live body weight 
were used in the experiment. Chicks were randomly assigned on body 
weight basis in to 2 groups, having 3 replicates of 10 birds in each group 
(n=30). Group T0 served as unsupplemented control group and Group T1 
birds supplemented with Ayucee Premix (100g/tonne for 0-5 weeks) (M/S 
Ayurvet Limited, India). Growth, performance, haemato-biochemical and 
hormonal parameters were recorded during the trial period of 0-5 weeks. 
Statistical analysis revealed significantly (p<0.05) high mean final body 
weight in Ayucee premix (T1) (1573.13g) supplemented birds as com-
pared to unsupplemented control group (T0) (1529.33g) at 5th week. FCR 
value was significantly (p<0.05) better for group T1 (1.56) as compared 
to control group T0 (1.60). Haemato-biochemical profile in Ayucee pre-
mix (T1) supplemented birds was in correlation with the normal values, 
however significant deviation from normal values was evident in un-
supplemented control group (T0) birds. Serum Cortisol (nM/L) level was 
significantly (p<0.05) reduced after Ayucee premix supplementation to 
group T1, 2.83 (group T0, 5.83). Livability was 100 % in Ayucee pre-
mix supplemented group T1 in contrast 6.67 % mortality was recorded in 
control group T0. Herbal ingredients viz. Withania somnifera, Ocimum 
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sanctum, Phyllanthus emblica of Ayucee Premix as a source of natural 
Vitamin C with bioflavonoids had successfully ameliorated heat stress in 
broiler birds.

Key Words: Natural vitamin C supplement, body weight, haemato-
biochemical profile, serum cortisol

T136 Summer stress-role of herbal antistressor in poultry birds Manju 
Gatne1, Mohan Ji Saxena2, Ravikanth Kotagiri2, Adarsh Chaudhary2, Shivi 
Maini*2 1Bombay Veterinary College; 2Ayurvet Limited
Efficacy of Ayucee liquid (M/S Ayurvet Limited, India), a herbal liquid 
formulation against summer stress (30-38ºC, RH% 50-70) was assessed 
in poultry birds (Vencobb 240). 60 day old broiler chicks of nearly similar 
live body weight were randomly divided in to 2 groups (3 replicates of 10 
birds in each group). Group-A served as unsupplemented control group 
and group-B was supplemented with Ayucee Liquid (Starter: @1ml/100 
birds/day in water, Grower: @ 2ml/100 birds/day in water, Finisher: @ 
3ml/100 birds/day in water). Growth, performance, haemato-biochemical 
and hormonal parameters were studied for duration of 5 weeks. On 5th 
week, in Ayucee liquid supplemented group-B birds significantly (p<0.05) 
higher mean final body weight (1590.38g) was recorded as compared to 
unsupplemented control group-A (1529.33g). FCR value was significantly 
(p<0.05) better for Ayucee Liquid (1.54) supplemented birds as compared 
to untreated control (1.60) birds. On 5th week, haemoglobin percentage 
(gm %) was better for Ayucee Liquid supplemented group-B (5.05) birds 
then control group-A (4.30) birds. Serum Cholesterol (mg/dl) values were 
significantly (p<0.05) better for Ayucee liquid supplemented group-B 
(119.71) birds in comparison of control group-A (146.58) birds. Serum 
Cortisol (nM/L) level was significantly (p<0.05) reduced after Ayucee 
liquid supplementation to group-B (2.17) (group-A, 5.83). Herbal ingre-
dients viz. Withania somnifera, Terminalia chebula, Phyllanthus emblica 
of Ayucee Liquid as a source of natural Vitamin C with bioflavonoids had 
successfully ameliorated heat stress in broiler birds.

Key Words: Herbal liquid formulation, FCR, serum cortisol

T137 Feeding VariumTM improves feed conversion. Fang Chi, San 
Ching*, Sara Johnston, Ron Cravens Amlan International
An experiment was conducted to evaluate the effect of feeding Varium 
to broilers from 0 – 28 days of age. Three treatments were compared: 1) 
Control; 2) Control + BMD; and 3) Control + Varium. The BMD treat-
ment provided 50 g bacitracin per US ton of feed. There were two groups 
and four replications (pens) per group with 17 Ross X Ross 708 male 
broilers in each pen. The experiment started at day of hatch and ran for 28 
days. Diets were corn-soybean meal based and fed in two phases from d 
0 – 14 and from d 14 – 28. The first group was on clean litter and the sec-
ond group was on the litter from the previous group. Differences between 
treatments were determined using an LSD All-Pairwise Comparisons Test 
with P < 0.05 indicating significant difference. For the combination of the 
two groups weight gain was higher (P < 0.05) during the period from d-0 
to 14 for birds fed BMD (448 g) compared to the birds fed the control diet 
(423 g), birds fed Varium had gain that was in between (437 g) but not sig-
nificantly different (P > 0.05) than the Control or BMD treatments. There 
was no significant difference (P > 0.05) between treatments for weight 
gain for d-14 to 28, or overall, with an average weight gain at d-28 of 1478 
g. There was no significant difference (P > 0.05) for feed intake between 
the treatments. The mortality adjusted feed conversion ratio improved for 
the period d-0 to 14 and overall when BMD or Varium were added to the 
Control diet (P < 0.05). The feed conversion ratios had values of 1.324, 
1.276 or 1.260 for d-0 to 14, and 1.451, 1.425, 1.428 for the overall period 
for the Control, BMD, and Varium treatments, respectively. There was no 
significant difference between the BMD and Varium treatments for feed 
conversion ratio during these time-periods. Therefore, feeding broilers 
BMD or Varium can improve weight gain for the early period and feed 
conversion both early and overall in broilers.

Key Words: Broilers, Varium, Feed conversion

T138 Organic acid based products enhance broiler immune responses 
Leon Broom*1, Emma Graystone1, Nima Khodambashi Emami2 1Anpario 
PLC; 2Ferdowsi University of Mashhad
This study determined the effect of three Anpario, commercial organic 
acid blend products (OABs) on immune responses of broilers orally chal-
lenged with a subclinical dose of E. coli. 875 Ross 308, one day old broil-
ers were split into 7 groups with 5 replicates of 25 birds per group. The 
groups were: I) Control - no supplementation, II) 2 kg/t of OAB 1 in all 
phases, III) 4 kg/t of OAB 1 in all phases, IV) 1.0/0.75/0.5 kg/t of OAB 2 
in the starter(S) (1-10 days), grower(G) (11-24 days) and finisher(F) (25-
35 days) phases, V) 1 kg/t of OAB 2 in all phases, VI) 0.7/0.5/0.5 kg/t of 
OAB 3 in the S, G and F phases and VII) 1.0/0.7/0.5 kg/t of OAB 3 in the 
S, G and F phases. The 3 OABs have differing combinations of formic and 
propionic acids and their salts on different carriers. Diets were formulated 
to meet or exceed the nutrient requirements of Ross 308 broilers. Feed and 
water were provided ad-libitum. At day 7 of age, all birds were orally chal-
lenged with 108 CFU of an E. coli K88 to simulate common commercial 
challenge. Humoral and cellular immune parameters were subsequently 
assessed for all groups. For humoral immunity, 2 birds per replicate (rep) 
were injected with sheep red blood cells (SRBC) at 14 and 28 days of age 
(doa). Blood samples were subsequently collected at 21 (primary response 
(1º)) and 35 doa (secondary response (2º)) for determination of IgM, IgG 
and total Ig titres against SRBC. For cellular immunity, at 35 doa, 2 birds 
per rep were subjected to cutaneous basophil hypersensitivity (toe web) 
test and flow cytometry was employed to determine CD4+ and CD8+ cells 
in the pooled serum from 3 birds per rep. Data were analysed using the 
GLM procedure of SAS and significance between groups (P<0.05) was 
determined by the Tukey test. The results showed that all OAB groups in-
creased 1º and 2º IgG, total Ig and 2º IgM responses compared to Control 
birds (P<0.0001). With regards to cellular immune responses, the OABs 
enhanced the CBH response and increased CD4+ and reduced CD8+ cells 
compared to Control birds (P<0.001). All 3 OABs also improved bird per-
formance (P<0.0001). In conclusion, these OABs enhanced broiler im-
mune responsiveness and thus provide a means to promote bird health and 
performance.

Key Words: Broiler, Organic acid, E. coli, Gut health, Immune response

T139 Effects of organic acids on broiler digesta pH and intestinal 
SCFA concentrations Emma Graystone*1, Nima Khodambashi Emami2, 
Leon Broom1 1Anpario PLC; 2Ferdowsi University of Mashhad
The purpose of this experiment was to evaluate the effect of 3 carrier-based 
organic acid products (Anpario PLC, UK) on digesta pH and gastrointesti-
nal (GI) short chain fatty acid (SCFA) concentrations in Escherichia coli 
challenged broilers. A total of 875 (Ross 308) day old, male broilers were 
randomly assigned to 7 treatment groups (T1-T7) with 5 replicates of 25 
birds per treatment. Birds were fed standard corn-soy starter (S), grower 
(G) and finisher (F) diets with the addition of an organic acid (OA) product 
(products X, Y, Z) during each stage from days 1-35 of age. Control con-
tained no OA product. The 3 OA products consist of formic and propionic 
acids, and their salts, on different mineral carriers. Treatments were as 
follows: T1 - Control; T2 - X [2kg/T throughout]; T3 - X [4kg/T through-
out]; T4 - Y [1.0 (S), 0.75 (G), 0.5kg/T (F)]; T5 - Y [1.0kg/T throughout]; 
T6 - Z [0.7 (S), 0.5 (G), 0.5kg/T (F)] and T7 - Z [1.0 (S), 0.7 (G), 0.5kg/T 
(F)]. Feed and water were provided ad libitum during the trial. At 7 days 
of age, birds were orally challenged with a subclinical dose (108 CFU) of 
an E. coli K88 strain. At day 35, digesta pH was determined in the crop, 
proventriculus, gizzard, duodenum, jejenum, ileum and caeca, and SCFA 
(formic, acetic, propionic and butyric) concentrations in caeca contents 
were measured. Statistics were applied using the GLM procedure of SAS, 
differences were considered significant at P<0.05. Organic acid supple-
mentation reduced jejunal and ileal digesta pH compared to control birds 
(P<0.0001), while T7 broilers had reduced caecal pH compared to the con-
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trol group (P<0.05). No pH differences were detected in other GI regions 
(P>0.05). Caecal butyric and propionic acid concentrations were higher in 
OA supplemented broilers than in control group birds (P<0.0001). Formic 
and acetic concentrations were not different between treatments (P>0.05). 
In conclusion, the formic and propionic acid-based products reduced dis-
tal digesta pH and increased some caecal SCFA concentrations in E. coli 
challenged broilers. Given decreased digesta pH and increased SCFAs are 
considered beneficial to gut health, these data demonstrate the ability of 
the organic acid products to promote GI health of broilers.

Key Words: Broiler, Organic acid, Digesta pH, Short chain fatty acid, 
Butyrate

T140 A single feces index (LIAN1.1) as indicator of intestinal health in 
broilers Diego Martínez*1, Carlos Vílchez2 1LIAN Development & Service; 
2Universidad Nacional Agraria La Molina
Data from three experiments (E1, E2, E3) on intestinal health with Cobb 
500 broilers were used to test the sensitivity of a feces index as indicator 
of intestinal health. E1 and E2 had two and three treatments with eight 
replicates each, used 128 and 192 day-old male chicks placed on litter at 
a research facility, and were evaluated at 3 and 1 different ages, respec-
tively; while E3, had two treatments with four replicates each, used 18,000 
male/female birds placed in commercial facilities, and were evaluated at 
two different ages. Droppings were collected on absorbent papers placed 
on the litter in all the groups of birds and ages, and were evaluated with 
the following index: LIAN1.1 index = Σ Si x (25/n); where «Σ Si” indicates 
the summatory of the score (S) of each dropping sampled (i) in the same 
experimental unit, and “n” is the number of droppings sampled in the ex-
perimental unit. Score: 0, normal; 1, watery (if the diameter of humidity 
is at least twice the one of the dropping); 2, with undigested feed; 3, with 
desquamated mucosa; 4, bloody. The data was analyzed using a CRD and 
the GLM procedure of SAS to obtain the P-value of each variable for each 
treatment comparison at each age. The values obtained in all the variables 
were used to correlate the LIAN1.1 index to body weight, prevalence and 
intensity of intestinal lesions, and morphometry of lymphoid organs by 
the CORR procedure of SAS. The LIAN1.1 index showed significant cor-
relations with body weight (-0.45; P=0.0001), density of intestinal lesions 
(0.32; P=0.0258), lesion score of Eimeria acervulina (0.29; P=0.0441) and 
percentage of birds positive to coccidia (0.33; P=0.0142), bursa diameter 
(0.33; P=0.0225) and thymus morphometric index (0.30; P=0.0360), and 
presented the lowest P-values among the 7 evaluated variables of feces 
quality in most of the cases (87.5%) when comparing treatments within 
each experiment and age. In conclusion, the LIAN1.1 index is sensitive to 
intestinal health, statistically stronger than other fecal variables, and can 
be used as a one-single grading index to compare different flocks.

Key Words: LIAN index, gut health, intestinal integrity, feces quality, 
broilers

T141 Effect of protected sodium butyrate and nutrients concentration 
on broilers performance Monica Puyalto*, Pilar Honrubia, Juan Mallo 
NOREL S.A.
The study was conducted to compare the effect of sodium butyrate pro-
tected with PFAD sodium salt (GUSTOR N’RGY) with different diets on 
growth performance.

A 2 x 2 factorial design was used with two basal diets based on wheat, 
barley and soy: S (standard nutrient diet) and L (low nutrient diet) with 
a reduction of 60 Kcal/Kg of ME and 2.3% lower concentration of ami-
noacids; with or without addition of protected sodium butyrate at 1 kg/t.

A total of 200 Cobb one day old chickens were randomly allocated on 
floor to 4 treatments with 5 pens of 10 birds per treatment: SN (standard 
nutrient diet; no additive), SY (standard nutrient diet; protected butyrate), 
LN (low nutrient diet; no additive), LY (low nutrient diet; protected butyr-
ate). Mash feeds and water were offered ad libitum. 

BW, ADG, ADFI and FCR were recorded at 0, 21 and 42 d. Data were 
analyzed using the GLM procedure of SAS. 

There were no statistical differences due to nutrient level in any growth 
phase.

The results regarding to the addition of protected butyrate showed that in 
the first 21 days animals achieved higher final BW with higher ADG than 
those without additive (0.807 Kg vs 0.773 Kg; P<0.0121 and 35.83 g/d vs 
34.18 g/d; P<0.0123). Also, tended to present better FCR (1.271 vs 1.305; 
P<0.0912); FCR was only numerically different in the growing phase (21-
42d) (1.758 vs 1.775) and in the total period (0-42d) (1.547 vs 1.579).

Looking at the interaction between additive and nutrient, treatment with 
low energy and butyrate (LY) had higher FBW (2.34a Kg; P<0.0243) and 
ADG (54.34a g/d; P<0.0245) than SN, SY and LN respectively (2.29ab Kg, 
2.21b Kg and 2.19b Kg; 53.27ab g/d, 51.46b g/d and 51.04b g/d).

We can conclude that the addition of GUSTOR N’RGY improves perfor-
mance results at early stages in broiler chickens. On the other hand, broil-
ers feed with low nutrient diet (ME reduction of 60 Kcal/Kg and 2.3% 
lower concentration amionacids) and 1 Kg/t of protected sodium butyrate 
obtained the same FBW than standard diet.

Key Words: sodium butyrate protected, energy, aminoacids

T142 Effect of protected sodium butyrate and nutrients concentration 
on broilers gut health Monica Puyalto, Pilar Honrubia, Cinta Sol, Juan 
Mallo* NOREL S.A.
The study was conducted to compare the effect of sodium butyrate pro-
tected with PFAD sodium salt (GUSTOR N’RGY) with different diets on 
growth performance.

A 2 x 2 factorial design was used with two basal diets based on wheat, 
barley and soy: S (standard nutrient diet) and L (low nutrient diet) with 
a reduction of 60 Kcal/Kg of ME and 2.3% lower concentration of ami-
noacids; with or without addition of protected sodium butyrate at 1 kg/t.

A total of 200 Cobb one day old chickens were randomly allocated on 
floor to 4 treatments with 5 pens of 10 birds per treatment: SN (standard 
nutrient diet; no additive), SY (standard nutrient diet; protected butyrate), 
LN (low nutrient diet; no additive), LY (low nutrient diet; protected butyr-
ate). Mash feeds and water were offered ad libitum.

At the end of the trial (42 days) chickens were euthanized and samples 
from the GIT were removed to analyze gut microflora (Lactobacillus, E. 
Coli and Coliforms), lactic acid and short chain fatty acids (SCFA) by 
HPLC. Moreover, duodenum, jejunum and ileum epithelium samples 
were obtained in order to determine their development status. Data were 
analyzed using the GLM procedure of SAS. 

There were no differences in gut microflora in any part of GIT. Lactic acid 
was statistically higher in duodenum, jejunum and numerically higher 
in ileum in SY treatment compared to LN, LY and SN (33.84 vs 19.36, 
11.53 and 9.83 for duodenum; 32.95 vs 13.89, 9.27 and 2.72 for jejunum, 
respectively). Lactic acid was not affected by the interaction of the treat-
ments in caecum nor in colon, despite the fact that in general, animals fed 
additive showed higher values of lactic acid in all parts of GIT, except in 
caecum. 

Total SCFA followed the same distribution as lactic acid in duodenum and 
ileum being the interaction statistically significant with the highest values 
for SY, followed by LN, LY and SN. The interaction was also significant 
in caecum where the highest value was found for LN, followed by SY, SN 
and LY (182.33, 152.49, 114.98 and 93.10 mM, respectively). The addi-
tion of additive to the diet increased numerically the values of total SCFA 
in all parts of GIT, except in caecum.

There were not differences in histomorphology at duodenum and ileum 
level, however, there were significant interactions in villus, mucosa and 
V:C ratio in jejunum, showing the highest values for LY treatment.
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It can be concluded that the interaction between the diet composition and 
addition of GUSTOR N’RGY modify bacterial fermentations, however 
more studies are necessary to evaluate what kind of bacteria have been 
affected.

Key Words: butyrate, Short chain fatty acids, Histomorphology

T143 Dose response of organic Zn chelated with 2-hydroxy-4-
methylthio butanoic acid (HMTBA) on the performance, carcass 
quality, gut health and immunology of male broilers Ricardo Gonzalez-
Esquerra1, Raquel Araujo*1, Sérgio Vieira2, Cesar Pontin2, Liris Kindlein2, 
César Lima3, Ricardo Hayashi4, Elizabeth Santin4 1Novus International 
Inc.; 2Universidade Federal do Rio Grande do Sul; 3Universidade de São 
Paulo; 4LABMOR/MESSA - Universidade Federal do Paraná
An experiment was conducted to evaluate the effect of increasing levels of 
Zn-HMTBA chelate (Novus International Inc.) on performance, carcass, 
and meat quality traits, gut health, and immune response in broilers. A to-
tal of 2,960 Cobb 500 male chicks randomly allocated to 7 treatments and 
10 replicates were used. A density of 12.2 birds/m2, reused litter, vaccina-
tion (IBD at d 1), and commercial-like feeder space were imposed. Broil-
ers were fed an isonutritional corn-soy diet across treatments except for 
Zn, using a 3 feeding phases program: Starter (1 to 14 d), Grower (15 to 28 
d), and Finisher (29 to 38 d). Seven levels of Zn-HMTBA chelate were fed 
from 0 to 96 ppm in grades of 16 ppm, and methionine levels were adjust-
ed to account for the HMTBA content of Zn-HMTBA. Carcass and meat 
quality were evaluated at 38 d in 4 birds randomly selected per pen. The 
ileal index on histological changes of intestinal villi (ISI) was obtained 
from 1 bird/pen as an indicator of gut health. Cell mediated and humoral 
immune responses were tested by blood flux cytometry and IBD titles, re-
spectively. ANOVA and regression analyses were performed. Qualitative 
parameters and incidence of lesions were analyzed by the Kruskal-Wallis 
test. Production efficiency, BWG, and livability were improved linearly 
with Zn-HMTBA addition in all feeding phases (P < 0.05). The FCR de-
creased linearly at 14 and 28 d (P < 0.01). Cooking loss, carcass and thighs 
yields (%) also improved linearly. Breast weight and yield increased with 
Zn-HMTBA addition (P < 0.05) while breast pH, footpad lesions, white 
striping, and wooden breast score and occurrence were not affected. Skin 
scratches size reduced linearly in more than 5 mm with an increased Zn-
HMTBA level. The incidence of meat bruises dropped vs Control by 73% 
and 67% with 48 ppm and 80 ppm Zn-HMTBA, respectively. Zn-HMT-
BA improved (P < 0.0001) gut health and functionality (ISI) at 38 d. Three 
populations of lymphocytes increased linearly (P < 0.05). In conclusion, 
Zn-HMTBA chelate can improve performance, carcass yield, meat qual-
ity, gut health, and immune responses of broilers.

Key Words: organic mineral, zinc, gut health, performance, Mintrex Zn

T144 I. Effect of Ration Plus™ for Poultry on broiler chickens fed 
antibiotic free diets in three 21 day dose-response trials, two with 
bacterial challenges and one with heat stress David Hall*1, E. Wozniak1, 
J. Mcnaughton2 1Cytozyme Laboratories, Inc.; 2AHPharma, Inc.
Ration PlusTM for Poultry (RP; AAFCO 36.11 Dried Lactobacillus aci-
dophilus fermentation product), in 3 dose titration trials, was administered 
via an antibiotic free corn-soy based starter diet to mixed sex Ross 708 
broiler chicks at 4 levels of 0, 250, 500, or 1,000 ppm. In Trial 1, Eimeria 
acervulina and Escherichia coli and in Trial 2 Clostridium perfringens 
were administered to birds as mild challenge levels on built up litter. Coc-
civac-B was used with no coccidiostats added to feed. Trial 3 on built up 
litter included a heat stress at temperatures of 29-32oC days (d) 0-7, 38oC d 
7-14 and 41oC d 14-49. Ross 708 mixed-sex broiler chicks were allocated 
at 56 chicks/pen each to 10 replicate pens per treatment (0.85 sq ft/bird; 
0.079 sq m/bird). Live performance and small intestinal lesion scores (0-
4), Escherichia coli counts (EC) and Salmonella spp. incidences (SI) were 
determined on d21.

The RP diets reduced lesion scores (P≤05; 1.8a, 1.5a, 1.1b, 1.0b for control, 
250, 500,1000 ppm RP dose titration, average for 3 trials). In the heat chal-
lenge trial, RP diets increased body weight at d21 (704a, 717b, 726c, 735d, 
g; P≤.05), and reduced feed conversion ratio (1.40a, 1.39a,b, 1.36b,c, 1.35c; 
P≤.05). Mortality was also reduced in the heat challenge trial by RP diets 
(4.6%a, 4.3%a,b, 3.6%a,b,c, 3.0%c; P≤.05). In summary of 3 trials, crop and 
small intestinal content averaged 6.5-log10 for EC and 42% SI across all 
Controls. The RP-treated birds’ intestinal contents for EC and SI were: 6.4 
log10 and 33% for 250 ppm; 5.5 log10 and 28% for 500 ppm (P≤0.05 from 
Control); and 5.0 log10 and 29% for 1000 ppm (P≤0.05 from Control). The 
RP diets reduced lesion scores, crop and intestinal Escherichia coli counts 
and Salmonella incidences in all 3 trials and improved live performance 
during heat stress in pre-harvest age broiler chickens fed antibiotic free 
diets.

Key Words: Ration PlusTM, antibiotic free diets, heat stress, chicken

T145 II. Effect of Ration Plus™ for Poultry on broiler chickens fed 
antibiotic free diets during heat stress for 49 days. David Hall*1, E. 
Wozniak1, J. Mcnaughton2 1Cytozyme Laboratories, Inc.; 2AHPharma, Inc.
Ration PlusTM for Poultry (RP; AAFCO 36.11 Dried Lactobacillus aci-
dophilus fermentation product) was administered via antibiotic free corn-
soy based diets to mixed sex broilers at 4 levels of 0 (Control), 250, 500, 
or 1,000 ppm. Heat stress was controlled at temperatures of 29-32oC days 
(d) 0-7, 38oC d 7-14 and 41oC d 14-49. Chicks were raised on built up litter 
from at least 3 previous trials (.85 sq. ft./bird; .079 sq. m/bird). Coccivac-
B was used for all chicks with no coccidiostats added to feed. Ross 708 
mixed sex broiler chicks were allocated at 56 chicks per pen to 10 repli-
cate pens per treatment. Live performance, crop and small intestinal lesion 
scores (0-4), Escherichia coli counts (EC) and Salmonella spp. incidences 
(SI) were determined on d21 and d49.

The RP diets reduced lesion scores (P≤.05) on d21 and d49 (d21 = 2.1a, 
1.9a, 1.0b, 1.1b; and d49 = 2.0a, 1.7b, 1.3c, 1.1c for control, 250, 500,1000 
ppm RP dose titration levels, respectively). RP diets increased body weight 
(704a, 717b, 726c, 735d g d21; P≤.05) and reduced feed conversion ratio 
(1.40a, 1.39a,b, 1.36b,c, 1.35c d21; P≤.05). At d49, RP diets increased body 
weight (2.66a, 2.71b, 2.75c, 2.78d kg; P≤.05) and reduced feed conversion 
(1.92a, 1.89a,b, 1.86a,b, 1.84b; P≤.05). Mortality was reduced at d21 and d49 
by RP diets (d21 = 4.6%a, 4.3%a,b, 3.6%a,b,c, 3.0%c; d49 =12.6%a, 10.4%b, 
8.5%b,c, 7.0%c; P≤.05). At d49, crop and small intestinal content averaged 
6.5 log10 EC and 53% SI for Controls. The RP-treated birds’ intestinal con-
tents for EC and SI were: 6.1 log10 and 40% for 250 ppm (P≤.05 vs con-
trol); 5.5 log10 and 26% for 500 ppm (P≤0.05 vs control); and 5.2 log10 and 
26% for 1000ppm (P≤0.05 from control), respectively. In conclusion, the 
RP diets improved live performance and reduced mortality, lesion scores, 
and crop and intestinal Escherichia coli counts and Salmonella incidences 
in broiler chickens fed antibiotic free diets during heat stress.

Key Words: Ration Plus TM, antibiotic free diets, heat stress, chicken
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SCAD II
T146 Evaluation of the synergistic effect of the live attenuated 
infectious bursal disease vaccine 89/03 and a recombinant HVT-
IBD against early infectious bursal disease challenge in commercial 
broilers. Ivan Alvarado*1, Kelley Wamsley2, Alejandro Banda2 1Merck 
Animal Health; 2Mississippi State University
Under commercial conditions, improvement in performance parameters, 
such as feed conversion and uniformity, has been frequently observed in 
flocks vaccinated in ovo with recombinant HVT-IBD vaccines. The objec-
tives of this study were to determine if the simultaneous in ovo adminis-
tration of the commercial live attenuated infectious bursal disease virus 
(IBDV) 89/03 and a recombinant HVT-IBD vaccines would improved 
protection against early challenge with a pathogenic IBDV strain and to 
evaluate the impact on broiler performance up to 38 days of age.

The experimental design consisted of 4 treatment groups: HVT-IBD vac-
cinated broilers, 89/03 vaccinated broilers, HVT-IBD and 89/03 vacci-
nated broilers and Non-vaccinated broilers (control group). IBD vaccines 
were administered In Ovo under commercial conditions, following the 
recommendations of the manufacturers. Commercial chickens were kept 
in floor pen units with concrete floors and tunnel ventilation capabilities 
at the Poultry Science department at Mississippi State University. Feed 
and water was provided ad libitum throughout the trial with supplemental 
feeders placed in each pen during the first week of age. Environmental 
and management conditions recommended by the genetic company were 
followed.

Non-medicated diets were formulated according to standard commercial 
nutrient specifications and for each phase of growth (starter, grower, fin-
isher). Feed samples were collected for proximate analysis to compare the 
level of nutrients in the different diets with their respective specifications. 
Mortality and feed conversion rate was evaluated at 7, 14, 21, 28 and 38 
days of age. IBDV oral challenge was performed in isolation units by ran-
domly selecting birds from each treatment group at 7, 14 and 21 days of 
age. Protection against challenge was determined based on bursal body 
weight ratio and histopathological evaluation. 

Key Words: Infectious Bursal Disease, 89/03, HVT-IBD, Performance

T147 Paired house trials comparing Bursaplex® to Vaxxitek® on 
bursal imaging, PCR and serological response (ELISA) to inactivated 
ND/IB vaccination Kalen Cookson*1, Taylor Barbosa1, Savannah 
Featherson1, Andrew Barker1, Chuck Hofacre2 1Zoetis, U.S. Poultry; 
2Southern Poultry Research Group
The chief concern of infectious bursal disease virus (IBDV) infections in 
the U.S. is their potential to cause immune suppression. A field trial was 
conducted to compare two hatchery applied vaccines for the dynamics of 
IBDV infections in the bursa of Fabricius as well as their relative potential 
to allow for immune suppression. A depression in titer response to New-
castle disease virus (NDV) antigen is the gold standard to gauge immune 
suppression caused by IBDV. 

Study Design: Three broiler farms were selected to house respective 
flocks vaccinated in ovo with either Vaxxitek or Bursaplex. Six bursas 
were collected at 3, 4 and 5 weeks of age and submitted for imaging and 
PCR analysis. At 5-1/2 weeks 24 birds per flock were transported to SPRG 
facilities where they were tagged, vaccinated via intramuscular injection 
with a full dose of inactivated ND/IB vaccine and co-mingled into two 
large floor pens. Birds were bled at 4 weeks post injection and serology 
(ProFlok®) for NDV, IBV and IBDV was performed. Differences were 
not statistically analyzed and are only descriptive.

Results: 
Computer imaging analysis:

The onset of field infections ranged between 18-22 days in both vaccine 
treatments. Signs of lymphoid regeneration were seen in all flocks by 4-5 
weeks of age. 

PCR analysis:

All flocks were IBDV+ at 4 weeks of age but only Vaxxitek flocks were 
still all positive at 5 weeks. Three different IBDV types were isolated: 1) 
a Del-E/Group-6 hybrid, 2) AL2 and 3) Classic. All three Vaxxitek flocks 
were strongly positive for IBDV (Ct value ≤ 35 cycles), including one 
farm that was strongly positive in all three sampling windows. Two Bur-
saplex flocks were strongly positive but only in one testing window (28 
days). 

Serology:

There was less variation in NDV geometric mean titers (GMT) between 
Bursaplex flocks (6,085 to 6,652) compared to Vaxxitek flocks (4,228 to 
7,530), with the greatest difference coming on Farm C (Bursaplex—6,652 
vs. Vaxxitek—4,228). IBDV GMTs tended to be about 10% lower in Bur-
saplex groups while IBV GMTs were very similar (about a 5% difference). 

Discussion: Because the circulating NDV challenge in this complex has 
historically been very low, the NDV titer response was attributed primarily 
to the inactivated ND/IB vaccination. Bursaplex NDV GMTs were more 
consistent between flocks but on average there was only a modest 5% 
advantage to Bursaplex, suggesting no difference in potential immune 
suppression. The 10% higher IBD GMTs in Vaxxitek flocks may be due 
to a better priming effect or, possibly, to higher, more persistent field virus 
replication.

Key Words: IBDV, Bursaplex, Vaxxitek, Newcastle, PCR

T148 Validation of a commercially-based infectious bronchitis virus 
enzyme-linked immunosorbent assay for serological detection of 
turkey coronavirus antibodies Yuko Sato*1, Patricia Wakenell2, Tsang 
Long Lin2, George Moore2, Roman Pogranichniy2, Katrina Miller2, Donna 
Schrader2, Ramtin Sina2, Ashley Ochs2, Audrey Verkamp2 1Iowa State 
University; 2Purdue University
Validation of an enzyme-linked immunosorbent assay (ELISA) for detect-
ing antibodies to turkey coronavirus (TCoV) using a commercial infec-
tious bronchitis virus (IBV) antigen was performed to evaluate its compa-
rability relative to the current gold standard, immunofluorescent antibody 
assay (IFA). The objective of this study was to validate the TCoV ELISA 
as a flock screening test and early detection. The optimum cutoff point for 
the ELISA S/P (sample to positive) ratio was evaluated by CC Loa (Av 
Dis, 2000) using logistic regression analysis and determined as a value 
of 0.18. IFA results were semi-quantified based on staining criteria and 
scored on a scale of 0-3, ranging from 3 (strong positive) to 0 (negative). 
ELISA and IFA test were performed on 200 field samples (100 known 
negatives and positives). The sensitivity and specificity of the ELISA rela-
tive to the IFA with a 95% confidence interval was 96.5% and 83.9%, re-
spectively (cutoff between 1 and 2), versus 77% and 87.2%, respectively 
(cutoff between 0 and 1). The author concluded that the ELISA is a supe-
rior screening test when the IFA cutoff was set between 1 and 2, with a 
negative predictive value >90%. 

Development and validation of a multiplex real-time qualitative poly-
merase chain reaction (RT-qPCR) assay for antigenic detection of TCoV 
was performed in experimentally infected poults using previously pub-
lished protocol (Pantin-Jackwood et al. 2008, Velayudhan et al. 2003). 
Serum samples, cloacal swabs, and feces were obtained from 34 turkey 
poults (23 positive, 11 negative) at days 0, 3, 7, 14, 21, 28, 35, and 42 post-
infection (PI). Sequential serum samples were used to demonstrate sero-
conversion relative to PCR. All birds had positive Ct values on the TCoV 
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PCR by day 3 PI. One-third of the birds (1/3) tested positive on ELISA at 
day 3 PI, and 95% (19/20) tested positive on the ELISA by day 7 PI. 

In summary, the optimized IBV ELISA proves to be a highly sensitive 
serologic diagnostic tool for early detection of TCoV. With the use of PCR 
and ELISA on a flock basis, early detection and diagnosis of TCoV will be 
available to implement measures to control outbreaks.

Key Words: diagnostic testing, turkey coronavirus, ELISA, IFA, RT-
qPCR

T149 Evaluation of the effect of combining infectious bronchitis 
virus (IBV) and coccidia vaccines in hatchery spray vaccination Brian 
Jordan*, Grace Ashby, Lorraine Fuller, Deborah Hilt The University of 
Georgia
Almost all commercial poultry are vaccinated against multiple pathogens 
in the hatchery, either by in-ovo injection at transfer or by mass spray 
at hatch. Live attenuated infectious bronchitis virus (IBV) vaccines are 
commonly given by mass spray in relatively small volumes, i.e 7 or 14ml. 
At the same time, vaccines against coccidia are sprayed separately in a 
larger relative volume, usually 21ml. Our previous research has shown 
that applying IBV vaccines in a larger volume using a larger flow rate 
nozzle increases the efficiency of vaccination, and improves vaccine take 
for some vaccines (Ark). The question inherently arises, “Why can’t we 
combine the coccidia and IBV vaccines so that IBV can be sprayed in a 
larger volume without increasing the total volume?” Coccidia vaccines 
have traditionally contained a dichromate compound to preserve the live 
oocysts in the vaccine. This chemical has been shown to destroy live vi-
ruses, prohibiting the combination of the two vaccine types. “Next genera-
tion” coccidia vaccines have recently become available that are produced 
with little to no dichromate, making this combination now possible, but 
currently untested. In this trial, we tested the viability of combining IBV 
vaccine with two different coccidia vaccines (A and B) with no dichro-
mate. We performed time-course titrations in embryonated eggs over 4 
hours to measure the immediate effect of the coccidia vaccine on IBV. We 
then vaccinated chicks with the combined vaccines and measured IBV 
infection and replication and oocyst shedding patterns. Finally, we chal-
lenged the vaccinated chickens with pathogenic IBV to ensure that proper 
immunity was developed after vaccination. Our trials confirmed that there 
was no effect on titer, infection and replication, or protection from IBV 
challenge when IBV vaccine was combined with coccidia vaccine A. 
Combining IBV vaccine with coccidia vaccine B showed no significant 
effect on titer or infection and replication, but the chickens vaccinated 
with this combination were not protected from IBV challenge. Further in-
vestigation of this vaccine combination is needed to fully understand the 
interaction between these vaccines, but it seems, for at least one coccidia 
vaccine tested, combining IBV and coccidia vaccines in hatchery spray is 
an effective vaccination technique.

Key Words: infectious bronchitis virus, coccidia, vaccination, hatchery 
spray, combination

T150 The effect of infectious bursal disease virus induced 
immunosuppression on avian influenza virus vaccine efficacy 
Christopher Stephens*, Mary Pantin-Jackwood, Erica Spackman Southeast 
Poultry Research Laboratory, U.S. National Poultry Research Center, U.S. 
Dept. of Agriculture, Agricultural Research Service
In the field, poultry are exposed to a variety of infectious agents, many 
of which are immunosuppressive. Co-infections between these agents 
are common, and these co-infections have effects on disease, immune 
response, and vaccine efficacy. The effect of co-infections in poultry be-
tween immunosuppressive agents and avian influenza virus (AIV) on AIV 
vaccine efficacy has yet to be fully evaluated. To study vaccine efficacy in 
immunosuppressed birds, immunosuppression was induced using infec-
tious bursal disease virus (IBDV), and mortality, viral shed, and vaccine 
antibody titers were examined. Specific pathogen free white rock chickens 

were exposed to variant E (IBDV) at one week of age and were subse-
quently vaccinated with an inactivated H7 AIV vaccine one week later. 
Prior to vaccination, bursas of Fabricius were taken from IBDV infected 
and non-infected birds to confirm IBDV infection. Three weeks post-
vaccination antibody titers were determined pre-challenge. The chickens 
were then challenged with six different doses (1 log10-6 log10) of highly 
pathogenic H7 AIV. Vaccinated birds exposed to IBDV had an almost 
two-fold decrease in geometric mean antibody titers compared to non-
exposed vaccinated birds, indicating immunosuppression. Exposure to 
IBDV prior to vaccination eliminated the protective effect of the vaccine. 
The mortality in vaccinated birds exposed to IBDV was the same as non-
vaccinated controls. This is in contrast to vaccinated birds that were not 
exposed to IBDV, which were protected from mortality when compared 
to non-vaccinated controls. Prior exposure to IBDV also decreased the 
mean death time (2.3-3.7 days) compared to vaccinated birds not exposed 
to IBDV (4-7 days). Differences in percent shedding and amount of viral 
shedding were observed among the higher challenge dose groups (5 log10-
6 log10). These results indicate that vaccination prevents mortality by lim-
iting systemic disease, not localized replication, and immunosuppression 
by IBDV eliminates this preventive effect.

Key Words: Avian Influenza Virus, Infectious Bursal Disease Virus, 
Immunosuppression, Vaccine Efficacy

T151 Use of antigen capture enzyme-linked immunoassays for the 
quantitation of hemagglutinin in H5 avian influenza vaccines and the 
impact of vaccine antigen content on protection of chickens against 
H5N8 highly pathogenic avian influenza Eric Dejesus*1, Diane Smith1, 
Mar Costa-Hurtado1, Samir Nassif2, Darrell Kapczynski1, Erica Spackman1, 
David Suarez1, Dong-Hun Lee1, David Swayne1, Mary Pantin-Jackwood1 
1USDA ARS SEPRL; 2Central Laboratory for Evaluation of Veterinary 
Biologics
Immunization with inactivated adjuvanted vaccines is used in the con-
trol of both low pathogenic and highly pathogenic avian influenza (AI) in 
poultry in many countries. Historically antigen content, one of the most 
important factors in vaccine efficacy, has been assessed by single radial 
immunodiffusion assays performed on the antigen before it is mixed with 
the adjuvant at the pre-final vaccine product stage. There is a need, how-
ever, to rapidly and easily quantify HA antigen in an emulsified product 
as a final potency and quality control assessment for licensed AI vaccines. 
Utilizing two commercial antigen capture enzyme-linked immunosorbent 
assays (acELISA), we compared the ability of these tests to quantify HA 
content of five different oil-emulsion inactivated H5 vaccines with dif-
ferent H5 highly pathogenic (HP) AI viruses. In addition, two different 
types of adjuvants were tested to assess the impact of different vaccine 
preparations on the acELISA tests. The acELISA results obtained with 
vaccines prepared with different antigen content were also compared to 
serology data obtained from chickens immunized with these vaccines and 
the protection conferred after challenge with the intercontinental H5N8 
HPAI clade 2.3.4.4 virus that caused outbreaks in 2014 and 2015 in poul-
try in the U.S. Both acELISA kits detected differences in the HA content 
of the vaccines, but for both kits results varied depending on the vaccine 
seed virus used in the vaccine, the amount of the virus, and the adjuvant 
used. These acELISA tests represent an easy and useful method for HA 
quantitation in H5 vaccines, but need to be standardized and validated 
for each vaccine seed strain and adjuvant used. Chickens vaccinated with 
vaccines made with viruses different than the challenge virus showed 
higher mortality especially when given vaccines with less antigen content, 
underlining the importance of matching the vaccine seed strain with the 
challenge virus and having an adequate amount of antigen in the vaccine.

Key Words: highly pathogenic avian influenza, enzyme-linked 
immunosorbent assays
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SCAD III
T152 Pathogenicity and transmission of North American H5 clade 
2.3.4.4 Highly Pathogenic Avian Influenza viruses in different 
gallinaceous poultry Kateri Bertran*, Charles Balzli, Mar Costa-Hurtado, 
Dong-Hun Lee, Eric Dejesus, Darrell Kapczynski, Mary Pantin-Jackwood, 
Erica Spackman, David Suarez, David Swayne ARS-SEPRL
Beginning in late 2014, the U.S. experienced an unpreceded outbreak of 
Eurasian clade 2.3.4.4 H5 highly pathogenic avian influenza (HPAI) virus 
in poultry and wild birds. Infectivity, transmissibility, and pathogenesis 
of index U.S. H5N2 and H5N8 HPAI viruses were investigated in chick-
ens, turkeys, Japanese quail, Bobwhite quail, Chukar partridges, pheas-
ants, and guinea fowl. The mean death time (MDT) in all species was 
late (3-7 days post-challenge (dpc)) compared to Eurasian H5N1 HPAI 
viruses (2-3 dpc), with Japanese quail having the shortest MDT, chickens 
as intermediate, and turkeys and Bobwhite quail the longest. Both H5N2 
and H5N8 viruses appeared to be well adapted to Bobwhite quail, since 
even the lowest dose (2 log10 EID50) caused infection, dead and permitted 
transmission to contact quail. Species adaptation, measured by dose of 
virus to produce infection, was slightly reduced for guinea fowl (3 log10 
EID50), followed by Japanese quail, pheasants, and partridges (3-3.7 log10 
EID50), and finally chickens and turkeys (5-5.7 log10 EID50). Transmission 
to exposed contacts was also reduced according to species adaptation, 
requiring medium (4 log10 EID50) or high (6 log10 EID50) doses to infect 
contacts in most of the species except for chickens, where no transmission 
occurred. In general, disease was not apparent until close to death, when 
birds showed nonspecific clinical signs, with a few birds having neuro-
logical signs. Gross lesions consistent of HPAI virus infection were not 
always observed in birds that died, but some showed pancreatic necrosis, 
splenomegaly, renomegaly and petechial hemorrhages on myocardium. 
Virus was shed in high titers both orally and cloacally, although virus ti-
ters slightly varied according to species adaptation. These results suggest 
that index viruses H5N2 and H5N8 have reduced virulence and transmis-
sibility for gallinaceous host compared to historical H5N1 HPAI viruses. 
However, the high viral shedding, the absence of overt clinical signs and 
gross lesions, and the late MDT, could represent a substantial threat for 
these viruses to amplify, spread among poultry farms, and further adapt 
to the chicken host.

Key Words: highly pathogenic avian influenza virus, poultry, 
pathogenesis, H5 HPAI U.S. outbreak

T153 Pathogenicity of 2015 North American H5N2 highly pathogenic 
avian influenza poultry isolates in chickens and mallards Mary Pantin-
Jackwood*, Erica Spackman, Darrell Kapczynski, David Suarez, Mar 
Costa-Hurtado, Eric Dejesus, Kateri Bertran, Dong-Hun Lee, David 
Swayne Southeast Poultry Research Laboratory, U.S. National Poultry 
Research Center, U.S. Dept. of Agriculture, Agricultural Research Service
In late 2014 a reassortant H5N8 clade 2.3.4.4 highly pathogenic avian in-
fluenza (HPAI) virus spread by migratory birds into Europe and North 
America and further reassorted with North American low pathogenicity 
avian influenza viruses to produce a H5N2 HPAI virus. This virus sub-
sequently spread through the U.S. causing severe outbreaks in poultry in 
2015. Infectivity, transmissibility, and pathogenicity of four H5N2 HPAI 
viruses isolated from the Midwest poultry outbreaks in 2015 was studied 
in chickens and mallards and results compared to the results obtained with 
the index H5N2 virus (A/Northern pintail/ Washington/2014). The mean 
death time in chickens infected with the poultry H5N2 isolates was earlier 
(2-3 days post inoculation) than the observed with the index H5N2 virus 
(3-7 days). Three of the poultry H5N2 isolates (A/Tk/MN/12582/2015, A/
Tk/SD/12511/2015, and A/Ck/IA/13388/2015) required a lower dose of 
the virus to infect the birds than the index H5N2 virus. The fourth isolate 
(A/Tk/AR/7791/2015) had a similar mean bird infectious dose (BID50) 
than the index virus, indicating that it was most likely a wild bird intro-
duction. The viruses transmitted poorly to contact exposed chickens. Mal-

lard ducks inoculated with A/Ck/IA/13388/2015 showed no clinical signs, 
with a BID50 similar to the observed with the index H5N2 virus (BID50 ≤ 
2), but birds shed lower amounts of virus and for a shorter period of time. 
However, some ducks inoculated with A/Tk/MN/12582/2015 presented 
neurological signs and two died, and virus was detected up to 14 days post 
inoculation in oral and cloacal swabs. All direct contact ducks became in-
fected, with the exception of two ducks from the group inoculated with the 
low dose of A/Ck/IA/13388/2015, demonstrating the easy transmission 
of these H5N2 viruses among ducks. These results suggest that the more 
recent H5N2 HPAI viruses have increased infectivity and transmissibility 
for chickens compared to the earlier H5N2 virus, indicating adaptation 
after circulating in poultry. In mallards, one of these poultry isolates was 
highly infective, and different from the index H5N2 virus, caused disease 
in some ducks, but the second virus appeared less adapted to ducks.

Key Words: H5N2 highly pathogenic avian influenza, chickens, 
mallards, pathogenicity, infectivity

T154 Asian lineage H5N1 clade 2.3.4.4 highly pathogenic avian 
influenza virus evolution into subgroups with intercontinental spread 
and generation of novel reassortant viruses in the United States Dong-
Hun Lee*1, Justin Bahl2, Mia Torchetti3, Mary Killian3, Hon Ip4, David 
Swayne1 1Southeast Poultry Research Laboratory, ARS-USDA; 2The 
University of Texas School of Public Health; 3National Veterinary Services 
Laboratories, APHIS-USDA; 4National Wildlife Health Center, USGS
H5N1 highly pathogenic avian influenza (HPAI) virus emerged in 1996 
in Guangdong China and has evolved into multiple genetic clades with 
recent reassortment of gene segments to produce H5N8, H5N6, H5N5 
and other H5 reassortant HPAI virus strains. Since November 2013, Asian 
lineage H5 HPAI virus clade 2.3.4.4 spread globally with introduction into 
North America in late 2014. In this study, we sequenced 32 H5 HPAI virus 
clade 2.3.4.4 identified in United States and compared with clade 2.3.4.4 
viruses identified in other continents using temporally informed phyloge-
netic reconstruction to improve our understanding of the origin and pattern 
of spread to North America of this clade. Phylogenetic analysis suggests 
that the hemagglutinin gene of the H5 clade 2.3.4.4 HPAI viruses have 
evolved into four distinct subgroups and has spread to multiple coun-
tries. We used a Bayesian analysis to estimate the timing of introduction 
to North America and subsequent H5N1 and H5N2 reassortment events. 
The introduction timing of H5N8 viruses corresponded to autumn bird 
migration season, and supports the hypothesis of introduction into North 
America by migratory birds. Subsequently, H5N2 and H5N1 reassortant 
viruses were estimated to have emerged in November and December 
2014, respectively. Enhanced active surveillance is required to monitor 
the spread of novel reassortant viruses.

Key Words: avian influenza

T155 Virus-like particle vaccines expressing H5 hemagglutinin gene 
protects chicken from multiple clades of highly pathogenic avian 
influenza Klaudia Chrzastek*1, Peter Pushko2, Terry Tumpey3, Darrell 
Kapczynski1 1USDA SEPRL; 2Medigen, Inc.; 3Influenza Division, Centers 
for Disease Control and Prevention
The rapid and unpredictable nature of avian influenza virus (AIV) evo-
lution requires new vaccines to be produced to match circulating virus 
strains. Virus-like particles (VLPs) are multiprotein structures that mimic 
the organization and conformation of authentic native viruses but lack the 
complete viral genome, which makes them non-replicating and therefore 
safe and cost-effective vaccine candidates. In this study, VLPs contain-
ing de novo synthesized recombinant H5 genes from A/chicken/Ger-
many/2014 (clade 2.3.4.4), A/chicken/West Java/Subang/29/2007 (clade 
2.1.3) and A/chicken/Egypt/121/2012 (clade 2.2.1), along with influenza 
neuraminidase (NA) were expressed in Sf9 cells and used as a vaccine 
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against H5 highly pathogenic avian influenza (HPAI) virus challenge. 
Immunogenicity and protective efficacy was confirmed in SPF chickens 
challenged with three homologous clades of AIV. Vaccination with VLPs 
elicited high anti-influenza virus antibody titers and completly protected 
chickens from lethal influenza virus challenge, highlighting the potential 
clinical use of VLPs against HPAI H5 viruses

Key Words: virus like particles, vaccine, HPAIV, chicken

T156 H7 Chinese influenza virus transmission in poultry is directly 
related to the hemagglutinin gene Marisela Rodriguez*, David Suarez 
USDA, ARS, United States National Poultry Research Center
H7N9 and H7N7 Chinese low pathogenic avian influenza (LPAIV) virus-
es pose a zoonotic threat and have been circulating in poultry, particularly 
in live bird markets, over the last few years. Poultry exposure in these 
bird markets are suspected of being the primary source of human H7N9 
infections in China. These H7 viruses contain a poultry adapted H9N2 in-
ternal gene cassette that is endemic in China. However, poultry transmis-
sion studies revealed that the Chinese H7 viruses transmit poorly by direct 
contact to naïve chickens and quail suggesting that these H7 viruses are 
not poultry adapted as previously thought. We sought to determine which 
genes are responsible for poultry adaptation of this H7 lineage utilizing 
reverse genetics (RG) systems established for the H7N9 A/Anhui/1/2013 
(Anhui) and H7N7 A/Ck/Wenzhou/678/2013 (Wenzhou) virus. A compli-
mentary panel of reassortant influenza viruses was created with the Anhui 
and Wenzhou background genes using various HA and NA genes from 
HPAIV/LPAIV viruses circulating in China. Chickens and, in some cases 
quail, were inoculated with various RG viruses and monitored for oral 
virus shedding and their ability to transmit virus to naïve controls. Chick-
ens inoculated with RG-generated Anhui and Wenzhou variant viruses 
displayed low to moderate levels of oral viral shedding in most birds and 
virus transmission to contact controls was poor. Substitution of several 
Anhui internal genes gave similar replication and transmission patterns 
as the parental RG H7 viruses. However, when the HA and NA genes of 
the H7 RG viruses were substituted with H9 and N2 genes or the H9 gene 

alone, virus oral shedding significantly increased and infected birds read-
ily transmitted virus to naïve contact controls. Taken together, this data 
demonstrates that the hemagglutinin is the principal determinant of H7 
Chinese LPAIV replication and transmission in poultry.

Key Words: Influenza, tranmission, reverse genetics

T157 A Novel DNA-Immunostimulant for exploring Innate Immunity 
in Avian Health Roy Jacob*, Barry Kelly Bayer
Innate Immunity is a science that dates back more than 100 years and yet 
remains as a potential area to be explored in infectious disease manage-
ment in livestock. While the options for triggering the innate immune sys-
tem are many, the CpG Oligodeoxynucleotides (CpG ODNs) have been 
creating tremendous interest in both human as well as animal health. The 
critical factors that determine the utility and success of CpG ODNs have 
been the dose, stability, timing, specificity and cost effectiveness in modern 
day production systems to show tangible benefits. However, the intracel-
lular location of CpG recognizing receptors has been a major drawback in 
their therapeutic use. Previous studies have demonstrated that the uptake 
and immunostimulatory effects of CpG ODNs could be improved by lipid 
based drug delivery systems. This presentation is intended to highlight a 
commercial novel immunostimulant that contains CpG motif DNA derived 
from E. coli plasmid, that is the first licensed product by USDA for use in-
ovo against Avian Pathogenic E. coli (APEC) to reduce mortality. Through 
a unique DNA liposome complex, this product rapidly triggers the animal’s 
innate immune system by mimicking a pathogen, preparing it to better fight 
infection when challenged by E. coli bacteria. Studies demonstrated as 
much as 50% reduced mortality under heavy E. coli challenge. The prod-
uct was proven in an APEC challenge model and the results have been 
validated in commercial settings, thus providing an alternate approach to 
effectively combat APEC that reduces hatchability and first week mortality. 
This non-antibiotic technology also supports antibiotic-free hatcheries and 
does not contain any antibiotics or preservatives.

Key Words: Immunostimulant, E. coli, CpG ODN, mortality

Metabolism & Nutrition VI
T158 Effect of L-Dopa on performance and growth hormone secretion 
in broiler chickens Richard Omidiwura*, Adebisi Agboola, Eustace Iyayi 
University of Ibadan
Pure form of L-Dopa is used to enhance muscular development, fat break-
down and suppress Parkinson disease in humans. However, the L-Dopa 
in mucuna seed, when present with other antinutritional factors, causes 
nutritional disorders in monogastric animals. Information on its effect 
on growth hormone secretion and utilization in monogastric animals is 
scanty. Therefore, effect of L-Dopa on growth performance and carcass 
characteristics in broiler chickens was investigated. Two hundred one-
day-old chicks were allotted to five standard energy (SE) diets: SE+0.0%, 
SE+0.1%, SE+0.2%, SE+0.3% and SE+0.4% L-Dopa. All treatments had 
4 replicates in a completely randomized design. Body weight gain, final 
weight, feed intake, dressed weight and carcass characteristics were de-
termined. Blood (5ml) was sampled from the birds to determine growth 
hormone, serum and hematological parameters using standard proce-
dures. The feed intake and body weight gain of birds fed SE+0.1% diet 
(1032.8±17.1g and 741.6±22.7g, respectively) were observed to be higher 
than those fed other treatments at the starter phase. The growth hormone 
concentration and hematological parameters were not remarkably in-
fluenced by the dietary treatments. However, the albumin (1.88g/dL) of 
broilers fed Control diet (SE+0.0% L-Dopa) was similar to birds fed 0.1% 
L-Dopa (1.80g/dL) but significantly higher than those fed other diets. The 
lowest albumin value was observed in birds fed 0.4% L-Dopa (1.50g/dL) 
supplemented diet. L-Dopa extract, at levels tested, had no detrimental ef-
fect on broilers, rather better bird performance was observed especially at 

0.1% L-Dopa inclusion rates. Therefore, 0.1% inclusion is recommended 
in diets of broiler chickens for improved performance.

Key Words: L-Dopa, Broilers, Performance, Growth hormone, Blood 
profile

T159 Chemistry curtailing bacterial enteritis in broilers and turkeys 
Jeroen Baeyens*1, Tina Rogge1, Jan Anné1, Wael Gad1, Francisco Dias2, 
Jeroen De Gussem3 1Proviron; 2Vetworks; 3Poulpharm
Gut health challenges are significant and costly in global poultry produc-
tion. Although antibiotics (AB) are used to treat systemic, respiratory, 
leg as well as gut infections, at least 50% of the treatments are directly 
related to gut problems, especially dysbacteriosis and bacterial enteritis 
(BE), triggered by Clostridium perfringens. BE in poultry causes loss of 
performance, higher feed conversion rate (FCR), wet litter problems and 
macroscopic and histologic alterations of the intestines. Therefore, there is 
a great interest in effective and nontoxic alternatives to AB.

In vitro trials showed activity of ProvifeedTM Optigut, a specific combina-
tion of esterified fatty acids, against industrial relevant pathogenic strains 
such as Clostridium perfringens. These in vitro data were further con-
firmed in several in vivo trials with a BE model in commercial broilers 
(Ross 308). BE was provoked by supplying a high dose of coccidiosis 
vaccine to the broilers. Both performance parameters (Average end weight 
(AEW) and FCR) as health parameters (histopathological lesions) were 
determined. 
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On average, compared to control group, broilers treated with ProvifeedTM 
Optigut showed up to 9.4% AEW, improvement in FCR of 3.2% and 
better histological scores. All data were close to a normal distribution, 
determined by univariate statistics.

Furthermore, the efficacy of ProvifeedTM Optigut was evaluated in 
commercial broiler and turkey field conditions in the EU. In these trials, 
the production parameters AEW, mortality and FCR were evaluated. 
Health parameters were monitored by macroscopic lesion scoring and 
monitoring of the AB use. 600 000 heavyweight broilers (slaughter at 
41 days) and 500 000 lightweight broilers (slaughter at 30 days) were 
treated with ProvifeedTM Optigut and based on the increased end weight 
and lower FCR, an ROI of 2-4 was calculated.

Consequently, a total number of 260 000 turkeys were treated with 
ProvifeedTM Optigut from the start until week 12. The results were compared 
to the average results per month obtained from the slaughterhouses. The 
turkeys showed a significant increase in AEW combined with a significant 
reduction in mortality, FCR and antibiotic use. The ROI based on the 
increased AEW, reduced mortality and reduced AB cost was between 
9 and 14. The AB cost was on average reduced with € 0.5 per turkey.

This work demonstrated that ProvifeedTM Optigut can be considered as a 
tool to avoid antibiotic treatment for gut health problems in poultry.

Key Words: Feed ingredients, Gut health, Bacterial enteritis

T160 Blood lipid content in relation to intramuscular fat in Chinese 
indigenous Wuhua chicken Xingyong Chen*, Zhaoyu Geng, Juanjuan 
Niu Anhui Agricultural University
Intramuscular fat (IMF) content in chicken peaks at a certain stage of their 
life. Intramuscular fat and inosine monophosphate (IMP) are important 
index in evaluating meat quality. To understand the deposition pattern of 
IMF and IMP in Wuhua chickens (a Chinese indigenous breed), a total 
of 160 d-old healthy birds, with 80 for each sex, were reared under the 
same conditions in this experiment. Ten from each sex at 87, 123, 150, and 
180 d of age were randomly selected for blood collection and then eutha-
nized. Plasma VLDL, LDL, HDL, TG, TC and FFA was determined using 
ELISA kits calibrated for chicken blood. Skinless breast meat (including 
pectoralis major and pectoralis minor) from the left side was collected for 
IMF (Soxhlet extraction method) and IMP (HPLC method) determination. 
Data was analyzed using one-way ANOVA (SAS 9.1). Pearson correlation 
coefficient between plasma lipids and IMF was calculated. There were 
no changes in male IMF content that ranged from 0.9 to 1.79 mg/g (P = 
0.616). In females, the IMF content raised from 0.62 mg/g at 90 d to the 
highest level of 2.61 mg/g at 150 d (P = 0.015), and then numerically 
decreased to 2.07 mg/g at 180 d compared to that of the 150 d. There were 
no significant changes observed in IMP content both in male and female 
with 3.25 to 4.18 % throughout the inspection period. In female, VLDL 
exhibited an age dependent manner (P < 0.0001) and reached highest level 
of 64.93 mg/ml at 180 d. LDL level raised to the highest level at 120 d 
(1.35 nmol/L) and decreased to the lowest level of 0.75 nmol/L at 180 d 
in the four inspection times. There were no significant changes in HDL, 
TC and FFA levels. Serum TG was 0.4 nmol/L in chickens at 90 and 120 
d, then increased to 0.9 nmol/L at 150 d, and 1.3 nmol/L at 180 d (P = 
0.0003). In male, no differences were observed in VLDL, LDL, HDL, 
TC and FFA levels among different stages, except for TG, which showed 
the highest level at 120 d than other three stages (P = 0.035). Correlation 
analysis has shown that serum TG level was positively correlated with 
IMF (r = 0.793, P = 0.033) in female, and negatively correlated with IMF 
(r = -0.749, P = 0.032) in male. Serum TG level might be used as potential 
index for IMF selection in broiler. However, opposite effects may exist in 
males and females.

Key Words: Intramuscular fat, Triglycerides, Wuhua Chicken

T161 Supplementation of a multi-strain probiotic on the intestinal 
health and performance of poultry Ting-Yu Lee1, Hung-Hsi Hu2, San-
Land Young1, Jin-Seng Lin*1, Chih-Yuan Chu2, Je-Ruei Liu2 1SynbioTech 
Inc.; 2National Penghu University
The objective of this study was to investigate the effect of feeding pro-
biotic on the performance of broiler and layer hens. The experiment was 
distributed into two groups, fed basal diet or basal diet with a multi-strain 
probiotic SYNLAC®Ⅱ at 106 CFU/g of the feed. From the results on 
boilers, SYNLAC®Ⅱ group significantly increased villus height and de-
creased crypt depth than that of control group (P<0.05). Moreover, the 
level of the immunoglobulin G of the serum was also significantly en-
hanced in SYNLAC®Ⅱ group(P<0.05). However, there was no signifi-
cantly different between control group and SYNLAC®Ⅱ group in feed 
conversion ratio(P>0.05). In the experiment on layer hens, the egg produc-
tion performance and average egg mass-produced per hen were signifi-
cantly enhanced in SYNLAC® II group during mid and late laying periods 
(p<0.05). Moreover, the level of antibody titer against newcastle disease 
was significantly stable in SYNLAC® II group (p<0.05). In conclusion, 
the multi-strain probiotics SYNLAC®Ⅱcould improve the intestinal 
health and productivity, as well as enhance the immune response against 
infection

Key Words: broilers, ntestinal health, layer hens, probiotic, egg 
production

T162 Effect of protease and bacitracin methylene disalicylate on 
growth performance, gut morphology, and gut barrier function of 
broilers F. Yan*, C. Foran, T. Wineman, C. Atwell, J. Chen, J. Escobar, M. 
Vazquez-Anon Novus International Inc.
A floor pen study was conducted to evaluate effect of a protease (CIBEN-
ZA® DP100, Novus International, Inc.) and bacitracin methylene dis-
alicylate (BMD), when used alone or in combination, on growth perfor-
mance, gut morphology, and gut barrier function of broilers. The study 
consisted of 5 treatments: positive control (PC), negative control (NC), 
NC+protease, NC+BMD, and NC+protease+BMD. Compared to PC di-
ets, crude protein, amino acid, and ME levels in NC diets were reduced 
by about 2.1%, 2.7%, and 17 kcal/kg respectively. The diets were corn 
and SBM based containing DDGS, canola meal, cottonseed meal, and 
meat and bone meal; the PC diets were formulated to meet broiler nutri-
ent requirements for starter (0-19 d) and grower (19-36 d) phases. Starter 
diets were in crumbled form and grower diets in pellet. Each diet was fed 
to 8 replicate pens of 22 male broilers. Body weight, feed intake, FCR, 
and mortality were determined at d 19 and 36. On d 13, one bird per pen 
was euthanized to measure gut morphometry and concentration of serum 
endotoxin and α1 acid glycoprotein. Data were analyzed by ANOVA and 
means were separated by Fisher’s LSD test. Orthogonal contrasts were 
made to test the overall effect of protease or BMD. A P-value of ≤ 0.05 
was considered significantly different. There was no difference in body 
weight or feed intake among treatments at d 19 or 36. Adding protease or 
BMD alone did not affect 0-19 d FCR, but adding both together signifi-
cantly improved it suggesting protease and BMD could complement each 
other in improving FCR. The NC birds had significantly higher 0-36 d 
FCR than the PC birds; protease, BMD, or their combination significantly 
improved FCR to a level comparable to PC birds. Contrast test indicated 
that BMD significantly reduced mortality, duodenal crypt depth, and se-
rum endotoxin concentration. Ileal muscle layer thickness of broilers was 
increased with BMD supplementation. Protease improved gut morphor-
metry and reduced serum endotoxin numerically. The trial demonstrated 
that both protease and BMD were effective in improving FCR of broilers 
fed diets lower in dietary protein and ME. While their modes of action 
were different, additional benefits could be observed when they were used 
together.

Key Words: broiler, protease, bacitracin methylene disalicylate
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T163 Novel Bacillus subtilis strain brings consistent growth 
improvement in broilers Estelle Devillard*1, Preben Nielsen2, Karoline 
Sidelmann Brinch2, Lamya Rhayat1, Vincent Jacquier1, Pierre-André 
Géraert1 1Adisseo SAS France; 2Novozymes
In broilers, as well as in other animal species and in humans, it is becoming 
increasingly clear that the intestinal microbiota is beneficial to their host 
by mediating key physiological processes. Probiotics can positively affect 
these microbial ecosystems, but their effects are strain dependent. Here 
we investigated the specificity of Bacillus subtilis strains in term of effects 
on performance of broilers raised in different conditions. Three perfor-
mance studies were conducted in different research facilities in order to 
test different experimental environments and different broiler strains. The 
study design was the same for all studies, with three treatments (control 
group, control group supplemented with a competitor product of B. subti-
lis species and control group supplemented with B. subtilis DSM29784). 
The diets were similar between the studies and based on corn-soybean 
meal, but they differed by the presence or absence of animal by-products 
and of phytase. Diet nutrient levels were calculated to meet the minimum 
requirements of the animals, according to the relevant breeder recom-
mendations. Animal performance was measured at day 28 and day 35. 
The three performance studies were analysed independently. In all stud-
ies, the effects of the different B. subtilis strains were higher at day 35 
than at day 28. Noticeably, at 35 days, depending on the study, the strains 
did not show the same efficacy to improve performance data. B. subtilis 
DSM29784 significantly improved the performance in the 3 studies (p < 
0.05), with an average improvement of 3.8% on BWG and 3.2% on FCR. 
The competitor product was able to improve significantly BWG and/or 
FCR in only one of the studies (p < 0.05) (average improvement in the 3 
studies: 1.7% for BWG and -2.2% for FCR). The consistency seen in in 
vivo trials with B. subtilis DSM29784 could suggest that this new strain 
of B. subtilis behaves more naturally in the intestinal system of broiler 
chicken than the other strain of B. subtilis. Additional molecular analysis 
reveals that the two strains of B. subtilis studied here, belong to different 
subspecies and confirms that the choice of the strain is crucial to achieve a 
consistent effect of probiotic on broiler performance.

Key Words: Bacillus subtilis, strain specificity, broiler performance, 
consistency

T164 Effect of Bacillus Subtilis (GalliPro) on energy conversion of 
broiler chickens fed with corn-soybean meal diets at varying energy 
levels. Frank Jin*1, Alfred Blanch2, Aneé Kehlet2 1Chr. Hansen, Inc.; 2Chr. 
Hansen A/S
The Bacillus Subtilis (GalliPro) has been shown to improve growth and 
feed conversion. The mechanism in part is due to its effect on nutrient 
utilization. Four experiments (EXP) were conducted in floor pens, with 
Cobb 500 male broilers provided with corn-soybean meal based diets, to 
study the effect of GalliPro on energy conversion of broiler chickens. 
In EXP1-3, 2x2 factorial design was followed, with 8 replications (pens) 
per treatment and 20-25 birds per pen. The four dietary treatments (TRT) 
were: 1) Positive Control (PC), 2) Negative Control (NC), PC – 120 kcal/
kg (EXP1 and 2) or PC - 100 Kcal/kg (EXP3), 3) PC + GalliPro, 4) NC + 
GalliPro. In EXP4, four dietary energy levels, with or without GalliPro, 
were tested (4 x 2 factorial design). Each treatment had 10 replications 
(pens), with 22 birds per pen. Dietary treatments were: 1) Control (PC), 
2) PC -50 Kcal/kg, 3) PC -100 Kcal/kg, 4) PC -150 Kcal/kg, 5) PC + 
GalliPro, 6) as 2 + GalliPro, 7) as 3 + GalliPro, 8) as 4 + GalliPro. 
In addition to improved body weight gain (BWG, P<0.05) and FCR 
(P<0.001), GalliPro resulted in better (P<0.001) energy conversion by 95 
and 83 Kcal/kg BWG in TRT2 and TRT4, respectively in EXP1, and 143 
and 66 kcal/kg BWG in TRT2 and TRT4, respectively in EXP2. Likewise, 
in EXP3, GalliPro improved energy conversion by 198 and 125 Kcal/kg 
BWG in TRT 2 and TRT 4, respectively. The average energy contribution 
of EXP1-3 was 69 Kcal/kg feed. In EXP4, there were linear responses 
in BWG (R2=0.9439), being lower as ME level was reduced, and FCR 

(R2=0.9358), being higher as ME level was reduced. Linear equations 
were used to estimate the AMEn contribution of Gallipro, which reached 
around 103 Kcal/kg BWG with equivalent energy contribution at 60 Kcal/
kg feed. In conclusion, GalliPro significantly improved energy value in 
broiler chicken diets.

Key Words: GalliPro, Bacillus subtilis, Broiler chicken, Energy 
conversion, Energy value

T165 Examining the effect of dietary electrolyte balance, energy 
source, and length of feeding of nitrogen-free diets on ileal endogenous 
amino acid losses in broilers Sunday Adedokun*1, Anthony Pescatore1, 
Austin Cantor1, Jacqueline Jacob1, Michael Ford1, Tuoying Ao2, Ariane 
Helmbrecht3 1University of Kentucky; 2Alltech; 3Evonik
The effect of dietary electrolyte balance (DEB), source of energy (ES), 
and length of feeding of nitrogen-free diets (NFD) on ileal endogenous 
amino acid losses (IEAAL) in mg/kg DMI and mg/kg of digesta/g of feed 
intake (FI) was evaluated in broiler chickens. A total of 1,080 chicks were 
used with 15 replicate cages of 6 chicks/replicate. Treatments (12) consist-
ed of four NFD, consisting of 2 levels of DEB (106 and 208 mEqv/kg) and 
2 sources of energy (corn starch, CS and dextrose, DX), and 3 sampling 
time-points (72 h- d 16-19; 120 h - d 16-21; and 72 h - d 18-21). All birds 
had access to feed and water on an ad libitum basis. Data were analyzed 
using the GLM procedure of SAS appropriate for a completely random-
ized design for a factorial arrangement of treatments. With the exception 
of Lys, Thr, Cys, Pro, and Ser, high DEB resulted in higher (P<0.05) total 
IEAAL (6,983 vs. 6,440 mg/kg DMI and 23.9 vs. 20.7 mg/kg of digest/g 
of FI). Dietary DX resulted in higher (P<0.05) total IEAAL (7,041 vs. 
6,383 mg/kg DMI and 25.8 vs. 18.9 g/kg of digesta/g of FI) except for His 
and Thr. Total IEAAL for all AA were greater (P<0.05) for the birds fed 
the NFD from d 16 -19 or d 16-21 compared with birds fed the NFD from 
d 18-21 (7,489 or 7,228 vs. 5,418 mg/kg DMI). There was no difference in 
IEAAF for the birds fed the experimental diets from d 16 to 21 compared 
with d 18 to 21 (16.5 vs. 19.0 g/kg FI) but lower (P<0.05) compared with 
birds that were fed from d 16 to 19 (17.7 vs. 31.5, g/kg FI). Three-way 
interactions were observed (P<0.05) for N, total AA, and all the AA except 
for Trp. Birds on DX-based NFD containing high DEB that was fed from 
d 16-19 had the highest (P<0.05) total IEAAL (11,080 mg/kg DMI or 49.2 
mg/kg of digesta/g of FI. It is concluded that high DEB and DX in the diet 
and shorter exposure to the DX-based NFD diets could increase IEAAL.

Key Words: Broiler, dietary electrolyte balance, endogenous amino acid 
loss, energy source, length of feeding

T166 Screening and characterization of novel Bacillus subtilis strain 
with consistent growth improvement in broiler Preben Nielsen*1, Estelle 
Devillard2, Lamya Rhayat2, Karoline Brinch1, Vincent Jacquier2, Pierre-
Andre Geraert2 1Novozymes A/S; 2Adisseo
The present study reports the results of a screening for novel natural 
Bacillus strains with relevant probiotic properties in broiler production 
and the phylogenetic characterization of a novel strain, Bacillus subtilis 
DSM29784. 

In the screening more than 800 unique and independent strains of Eu-
ropean QPS and American GRAS/AAFCO listed Bacillus species from 
Novozymes A/S extensive culture collection were analyzed. The strains 
were isolated from unique environmental samples from many geographi-
cal locations by/for Novozymes A/S. The screening of novel strains was 
focusing on three parameters:

Strains that are considered safe and presenting no acquired antibiotic re-
sistance 

Strains that are believed not to interfere in a negative manner with the host 

Strains that have in vitro features of relevance for performance in animals

From the more than 800 strains initially included in the screening, 32% 
were non haemolytic and about 10% of the isolates were positive in a ra-
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dial diffusion assay. In fine, 26 isolates fulfilled both of the above criteria. 
When tested for susceptibility to antibiotics only six strains met the crite-
ria. One of these strains, Bacillus subtilis DSM29784 was selected for fur-
ther testing. The phylogenetic studies of the Bacillus subtilis DSM29784 
suggest that this strain belong to a new fourth subspecies within Bacillus 
subtilis. Many studies have been made and continue being developed on 
the use of probiotics to improve broiler performance. Inconsistent results 
from the use of probiotics in animal production have been a constraint 
for their use. The consistency seen in in vivo trials with Bacillus subtilis 
DSM29784 suggest that this new subspecies of Bacillus subtilis behaves 
more naturally in the intestinal system of broiler chicken than the already 
known strains of Bacillus subtilis.
Key Words: direct fed microbial, health

T167 Performance of broilers fed diets supplemented with a natural 
growth promotor Eduardo Vicuna*, Chasity Pender, Ganapathi Murugesan 
Biomin America Inc.
Bacterial control in the feed reduces nutrient investment on immunologi-
cal responses and preserves intestinal integrity, thus increasing the amount 
of nutrients available to be utilized for enhancing performance. Many 
natural growth promotors (NGP) have received increased attention due to 
their ability to control microbial populations in the feed. The objective of 
this experiment was to evaluate the effects of dietary supplementation of a 
NGP on broiler performance under field conditions. The NGP (Biotronic® 
Top3, BIOMIN, Austria) used consisted of formic, acetic, and propionic 
acids combined with cinnamaldehyde, and a permeabilizing complex. A 
total of 60,000 day-old Cobb 500 chicks were evenly divided among 6 
houses, with two houses being allocated to one of three dietary treatments 
over a 7-day period. The three treatments were a control group (CON) 
supplemented with enrofloxacin (125 g/MT), a second group (NGP 1) 
with enramycin (125 g/MT) with NGP (1 kg/MT), and the third group 
(NGP 2) with zinc bacitracin (180 g/MT) + NGP (1 kg/MT). Throughout 
the trial period, all the birds had ad-libitum access to feed and water, and 
mortalities were counted daily. At the end of the trial period, body weight 
and feed intake were determined to calculate body weight gain and feed 
conversion. Data were analyzed using the Fit Model platform in JMP 12 
(SAS Institute Inc.). Differences in experimental treatments were tested 
using Student’s t-test following ANOVA with significance reported at P 
≤ 0.05. Although the CON group had lower mortality than the treatment 
groups, body weight gain and final body weight were significantly higher 
in the NGP supplemented groups. Additionally, feed conversion remained 
similar among the three treatments. Based on these results, it can be con-
cluded that the combined usage of NGP in this trial was capable of im-
proving growth performance in broilers.

Key Words: acid, cinnamaldehyde, permeabilizing complex, broiler, 
performance

T168 The effects of fast and slow release encapsulated zinc and 
butyric acid on intestinal bioavailability and performance of broilers. 
Jon Rubach*1, Brett Lumpkins2, Greg Mathis2, Chris Rude1, Scott Greene1, 
Dave Sanders1, Thoai Pham1, Mitchell Poss1 1Kemin Industries; 2Southern 
Poultry Research
Ensuring the targeted delivery of encapsulated nutrients is critical for 
maximum efficacy and for providing the quality of products that poul-
try producers demand. An encapsulated formulation of zinc and butyric 
acid is able to deliver both butyric acid, which promotes the growth of 
gut epithelial cells, and zinc, an essential mineral involved in tight junc-
tion formation. These nutrients work synergistically to improve the gut 
health and overall performance of production animals. In a 28 day battery 
trial, two formulations of encapsulated zinc and butyric acid, fast and slow 
release, were tested for their ability to release zinc and butyric acid and 
improve the growth performance of broilers. Day of hatch Cobb 500 × 
500 male broiler chicks (n=720) were assigned to four treatments, with 
18 replications per treatment and 10 birds per cage. In addition to the two 

encapsulated treatments, an unencapsulated treatment (unencapsulated 
zinc and butyric acid) and a negative control treatment (without the zinc 
and butyric acid combination) were used. On days 14 and 28 of the trial, 
the contents of the jejunum and ileum were collected from four birds per 
cage and excreta samples were taken from every cage. These samples 
were analyzed for butyric acid content by gas chromatography. Of the 
four treatments, the fast release encapsulated zinc and butyric acid gave 
a statistically significant improvement in feed conversion at 28 days (P < 
0.05), compared to the negative control. Butyric acid was detected in the 
intestinal contents of the birds fed the treatments containing the fast and 
slow release encapsulates. However, no detectible levels of butyric acid 
were measured in the intestinal contents of the birds fed the unencapsu-
lated zinc and butyric acid or the negative control treatment. The butyric 
acid measurements of the excreta showed the levels found with the fast 
release encapsulated treatment were not statistically different from those 
of the unencapsulated zinc and butyric acid treatment. This suggests that 
essentially all of the butyric acid had been released within the bird. This 
study correlates the efficient delivery of encapsulated zinc and butyric acid 
to improved performance.

Key Words: zinc, butyric acid, bioavailability, encapsulation, gut health

T169 Effect of a phytogenic feed additive on performance of broiler 
chickens during an Eimeria challenge Chasity Pender*, Eduardo Vicuna, 
Ganapathi Murugesan Biomin America Inc.
Coccidiosis is a parasitic disease that can have a severe economic im-
pact due to its ability to reduce performance and increase mortality. As 
the poultry industry moves away from antibiotic usage, the pressure to 
find a viable alternative that provides protection from enteric disease is 
mounting. Phytogenic feed additives are one such alternative that has been 
receiving increased attention due to their ability to improve gut health and 
performance. The objective of this experiment was to evaluate the effect 
of phytogenic feed additive supplementation on broiler performance dur-
ing an Eimeria challenge. A total of 504, day-old Ross 708 broiler chicks 
were randomly assigned to one of three treatment groups, each consist-
ing of 12 replicate pens (14 chicks/pen). Treatment groups consisted of 
a non-challenged negative control (NEG), a challenged positive control 
(POS), and a challenged group supplemented with a phytogenic feed ad-
ditive (PFA; Digestarom® P.E.P; 125g/ton). On day of hatch, birds in the 
two challenged groups received a 10x oral dose of a live-modified com-
mercially available coccidiosis vaccine. Performance measurements were 
recorded on days 14, 28, and 42. Data were analyzed using the Fit Model 
platform in JMP Pro 10.0 (SAS Institute Inc.) in a completely randomized 
design. Least square means of experimental treatments were separated us-
ing Student’s t-test with significance reported at P ≤ 0.05. From 0-14 days, 
POS showed reduced body weight gain (BWG) compared to NEG and 
PFA, while PFA remained similar to NEG. In terms of feed conversion, 
POS displayed an increased feed conversion ratio (FCR) when compared 
to NEG and PFA, while PFA had lowered FCR when compared to both 
control groups. From 0-28 days, PFA had increased BWG and reduced 
FCR when compared to NEG and POS. Finally, for the overall period, 
0-42 days, POS displayed increased FCR while PFA remained similar to 
NEG. Overall, PFA increased body weight gain while lowering the feed 
conversion ratio during an Eimeria challenge, thus demonstrating its ef-
ficacy as a viable means to protect bird performance and health during a 
coccidiosis outbreak in the absence of antibiotic.

Key Words: phytogenic, coccidia, broiler, performance, challenge

T170 Qualitative analysis of selenium-enriched yeast products 
following in vitro digestion Sheena Fagan*1, Richard Murphy1, Rebecca 
Owens2 1Alltech; 2Maynooth University
Selenium (Se) occurs in different chemical forms which determine its 
bioavailability, function and toxicology to human and animal health. Se 
supplements commercially available include the inorganic mineral salts 
such as sodium selenite or selenate, and organic forms such as selenium-
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enriched yeast. Selenized yeast, in which Se is assimilated during a con-
trolled fermentation process, is the most bioavailable organic Se source. 
However, the choices among selenium supplements available to feed 
compounders and commercial nutritionists are rather large and diverse in 
their composition.

Characterisation and comparison of Se-enriched yeast products has tradi-
tionally been made by quantifying total selenomethionine (SeMet) content, 
the major component of Se-yeast. A disadvantage of this approach, how-
ever, is that it does not consider the effects of Se deposition on subsequent 
digestive availability and instead assumes all selenium yeast products to 
have the same bioequivalency. In our recent studies, we used state-of-the-
art methodologies to examine commercially available Se-yeast products 
and determine the true incorporation of SeMet into yeast proteins. Over-
all, the study indicated that significant differences exist between Se yeast 
products in terms of Se localised deposition into proteins. To further ad-
dress the effects of subcellular compartmentilisation of Se, we assessed 
the same products for potential bioavailability using a poultry in vitro 
digestion model. Our analysis demonstrated that while some products ap-
pears to contain a larger number of Se-containing proteins, many of these 
survive in vitro digestion and so the incorporated SeMet/SeCys residues 
will be less bioavailable. As subcellular deposition of Se within Se-yeast 
is so widely different, it is reasonable to expect that these preparations 
will also differ in parameters such as shelf-life, bioavailability and indeed, 
toxicology. Rather than viewing these commercial products in exactly the 
same light, it is clear that they must be seen as very distinct preparations.

Key Words: selenium, bioavailability, digestion, selenomethionine, 
supplement

T171 Efficacy and safety of chromium propionate as a source of 
supplemental chromium in broiler diets Jerry Spears*1, Karen Lloyd1, 
Kristi Krafka2, Arlene Lamptey2, Jesse Grimes1 1North Carolina State 
University; 2Kemin Agri Foods North America Inc.
Chromium (Cr) functions to potentiate the action of insulin. Experiments 
were conducted to evaluate the efficacy and safety of chromium propio-

nate (Cr Prop) as a source of Cr for broilers. Experiment 1 assessed the 
effect of dietary Cr on insulin sensitivity measures. Liver and muscle 
glycogen, and plasma glucose and non-esterified fatty acids (NEFA) con-
centrations were used as indicators of insulin sensitivity. Newly hatched 
male chicks (Ross 708; n=288) were assigned to treatments consisting of 
0 (control), 0.2, 0.4, or 0.6 mg supplemental Cr/kg diet. Each treatment 
consisted of 9 replicate pens with 8 birds per pen. Diets were fed for 42 
d and then blood and tissue were collected from chicks in a fed, fasted 
(22-h fast), and refed state (30 min refeeding period following fast; blood 
collected 110 to 130 min following refeeding). Plasma NEFA concentra-
tions were lower (P<0.01) in chicks supplemented with Cr than in controls 
following fasting and refeeding, suggesting increased insulin sensitivity. 
Chromium supplemented chicks tended (P=0.10) to have greater liver 
glycogen in the fed state, and greater (P=0.07) muscle glycogen following 
fasting and refeeding than controls. Experiment 2 evaluated the safety of 
Cr Prop when supplemented over the normal life span of broilers at 2 and 
10 X the recommended rate of 0.2 mg Cr/kg diet. Day-old Ross broilers 
(n=216) were assigned by sex and weight to treatments consisting of 0, 
0.4, or 2.0 mg Cr/kg diet. At the end of the 49-d study, blood was collected 
for determination of plasma biochemical parameters Tissue samples were 
obtained for Cr analysis. Supplementing Cr Prop at levels up to 2.0 mg Cr/
kg diet did not affect Cr concentrations in muscle or skin plus adhering fat, 
the major poultry products consumed by humans. Chromium supplemen-
tation at 2.0 mg/kg diet resulted in an increase (P<0.01) in liver Cr com-
pared to birds fed 0 or 0.4 mg Cr/kg. Supplementation of Cr at 10 X the 
recommended level did not affect bird mortality and had minimal effects 
on plasma biochemistry parameters. These studies indicate that Cr Prop is 
a bioavailable and safe source of supplemental Cr for broilers.

Key Words: Chromium, Broilers, Insulin, Glycogen

Environment Management III
T172 Effects of monochromatic light exposure during incubation on 
footpad dermatitis Mariana Mesquita1, Edgar Oviedo-Rondón*2, Luis 
Bernal-Arango3, Albaraa Sarsour2, Liliane Borsatti4, Patricia Aristimunha4, 
Lindolfo Dorcino1 1Universidade Federal de Goiás – Goiânia; 2North 
Carolina State University; 3Politécnico Colombiano Jaime Isaza Cadavid; 
4Universidade Federal do Rio Grande do Sul – Porto Alegre
Monochromatic light exposure has been reported to affect chicken biol-
ogy. Two experiments were conducted to evaluate the effects of mono-
chromatic light exposure during incubation on footpad dermatitis (FPD) 
incidence. In both experiments, incubators were managed to simulate 
single stage and obtain optimum eggshell temperatures (37.8 to 38°C) 
during the whole period. In experiment 1, a total of 672 eggs from 54 
wk-old Ross 708 breeders were randomly distributed into four treatments: 
1) no light; 2) permanent green light (GL); 3) GL 15`on:15`off; and 4) 
red 15`on at 4 times/d. Two trays with 84 eggs per treatment were set 
in each machine. Distance from light source within each tray was identi-
fied as Front (10cm) close to LED lights, middle (~41cm) and back, far 
(~93cm) from the lights. At hatch, 120 chicks/treatment were placed in 
48 pens with used litter for 12 replicates per light treatment with 5 males 
and 5 females each. In the second experiment, 3,696 Ross 708 eggs were 
randomly divided into 6 light treatments: 1) no light; 2) GL during 21d 
of incubation; 3) no light until E5 and moved to GL exposure until hatch; 
4) GL until E5 and moved to hatcher with no light; 5) No light until E18 
and GL in the hatcher; and 6) GL until E18 and no light in the hatcher. At 
hatch, 1,440 chickens were placed in 72 pens, 36 pens with males and 36 
with females for 12 replicate pens of 20/chicks each per treatment. The 

FPD scoring was conducted in all chickens at 13d in the first experiment 
and 21d for the second one. Data were analyzed using GLIMMIX Proc of 
SAS using each chicken as experimental unit, pen nested within treatment 
effects, the 4x3 factorial arrangement in the first experiment or six treat-
ments in the second. In experiment 1, the treatment with no lights during 
incubation had the lowest FPD scores (P<0.05). In the second experiment 
the group with GL light until E5 and then moved to no light until hatch 
had the lowest (P<0.05) FPD scores and the group with no light had the 
greatest. In conclusion, monochromatic light exposure during incubation, 
while maintaining eggshell temperature close to 37.8oC, affected FPD in-
cidence in broilers.

Key Words: broilers, footpad dermatitis, monochromatic lights

T173 Effects of monochromatic green and red lights during 
incubation on broiler performance and carcass characteristics Mariana 
Mesquita1, Edgar Oviedo-Rondón2, Luis Bernal-Arango3, Liliane Borsatti4, 
Albaraa Sarsour*2 1Universidade Federal de Goiás – Goiânia; 2North 
Carolina State University; 3Politécnico Colombiano Jaime Isaza Cadavid; 
4Universidade Federal do Rio Grande do Sul – Porto Alegre
Exposing broiler eggs to monochromatic light during incubation has 
been reported to affect chicken performance and enhance breast muscle 
development. This experiment was conducted to evaluate the effects of 
green and red light exposure, and distance from light source during incu-
bation on live performance post-hatch and carcass characteristics. A total 
of 672 eggs from 54 wk-old Ross 708 breeders were randomly distrib-
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uted into 4 treatments: 1) no light; 2) permanent green light; 3) green light 
15`on:15`off, and 4) red 15`on at 4 times/d. Two trays with 84 eggs per 
treatment were set in each machine. The distance from light source within 
each tray was identified as Front (10 cm) close to LED lights, middle (~41 
cm), and back, far (~93 cm) from the lights. Incubator temperatures were 
managed to obtain optimum eggshell temperatures (37.8 to 38.0°C) dur-
ing the whole period and RH% adjusted according to embryo develop-
ment as recommended in single stage incubation profiles. Eggshell tem-
peratures were measured with pipe-probes and thermistors 4 times per d. 
At hatch, 120 chicks per light treatment were placed in 48 floor pens with 
used litter. Each pen had 10 chicks/pen, 5 males and 5 females, and there 
were 4 replicates per treatment combination. Chickens were fed common 
starter and grower diets ad libitum. BW gain (BWG), feed intake (FI), and 
FCR were evaluated from 1 to 21 d of age. At 42 d of age, one male and 
one female from each pen were processed to determine carcass yield and 
cut up parts. Data was analyzed as complete randomized block design 
with effects of position in the tray nested within each light treatment with 
12 replicate pens per light treatment using JMP software. Light treatments 
increased eggshell temperatures, did not affect (P > 0.05) BW, BWG, or 
FCR, but affected (P < 0.05) FI at 21 d. There were no significant effects 
(P > 0.05) of light treatments and position within the tray for carcass traits. 
In conclusion, the use of green and red lights during incubation period 
did not improve performance and carcass characteristics when eggshell 
temperature was maintained closed to 37.8oC.

Key Words: Broilers, Incubation, Monochromatic lights

T174 Effects of monochromatic green light exposure at different times 
during incubation on post-hatch performance Mariana Mesquita1, 
Edgar Oviedo-Rondón2, Luis Bernal-Arango3, Albaraa Sarsour2, Liliane 
Borsatti4, Patricia Aristimunha3, Lindolfo Dorcino1, Hernan Cordova*2 
1Universidade Federal de Goiás – Goiânia; 2North Carolina State 
University; 3Politécnico Colombiano Jaime Isaza Cadavid; 4Universidade 
Federal do Rio Grande do Sul – Porto Alegre
Photostimulation with monochromatic green light (GL) during incubation 
has been reported to enhance growth rate and breast muscle development. 
This experiment evaluated the effects of GL exposure on broiler breeder 
eggs at different times during incubation on post-hatch performance. A 
total of 3,696 eggs from Ross 708 broiler breeders were randomly distrib-
uted into 6 treatments. Treatments were: 1) no light during incubation; 2) 
LED GL during 21d of incubation; 3) no light until E5 and moved to GL 
incubators until hatch; 4) GL until E5 and moved to no light until hatch; 5) 
no light until E18 and GL in the hatcher; and 6) GL until E18 and no light 
in the hatcher. Treatments with no light and LED GL during the whole 
incubation period had 6 trays (132 eggs/tray) each and the other treatments 
had 4 trays each. Incubator temperatures were managed to obtain opti-
mum eggshell temperatures (37.8 to 38.0°C) during the whole period and 
RH% adjusted following a single stage profile. Hatchability of all eggs set 
or fertile eggs was calculated. At hatch, a total of 1,440 chicks were placed 
in 72 pens. Males and females were raised in separate pens with 36 pens 
of each sex and 12 replicates/treatment. BW gain, feed intake, and FCR 
were evaluated from 1 to 42d of age. At 45d, 2 broilers per pen were pro-
cessed to determine carcass yield and cut up parts. Data was analyzed as 
completely randomized design with 6 treatments and orthogonal contrasts 
using JMP software. There were significant effects (P<0.05) of light treat-
ments on FCR at 35d and 42d. The lowest (P<0.05) FCR was observed 
in the group with no light during incubation. In carcass traits, there were 
effects (P<0.05) of treatments for wings and interaction (P<0.05) between 
light treatments and sex for breast meat. No effects (P>0.05) of treatments 
were observed on organ relative weights except for an interaction between 
light treatment and sex affected proventriculus relative weight. The use 
of green light during incubation, while maintaining eggshell temperature 
close to 37.8oC, did not improve consistently broiler parameters post-
hatch.

Key Words: Broilers, monochromatic light, Performance

T175 Getting the greatest benefit from LED lighting systems in broiler 
barns Joey Bray*1, Gregory Archer2, Juliette Delabbio3 1Stephen F. Austin 
University; 2Texas A&M University; 3ONCE Innovations Inc.
LED lighting has become a favored choice in broiler facilities in the 
U.S.A. because it is a new technology that delivers high energy savings 
when compared to traditional lighting sources such as incandescent or 
fluorescent lighting. However, proper use of this technology can also pro-
duce better bird performance and a more healthy bird. ONCE Innovations 
Inc. in collaboration with Stephen F. Austin State University and Texas 
A&M University has studied for two years, the best LED lighting pro-
grams for broilers. These lighting programs prescribe not only photope-
riod but also light intensity and lamp spectrum. This research represents 
3 commercial flocks that were reared between June and November 2015 
at the SFASU Broiler Research Center in Nacogdoches, Texas. Each flock 
represents 104,800 straight-run broiler chicks being equally distributed 
among four commercial broiler houses and reared for an average of 53 
days. Two different lighting programs were tested using 12-watt MLB 
Agrishift® LED lamps during the brooding and growing phases. A more 
traditional weekly-adjusted block lighting program (TRT1) was compared 
to a modified step-down lighting program (TRT2). The two lighting treat-
ments were conducted in two adjacent houses and were rotated among the 
four total houses to minimize house effects. Performance was evaluated 
by collecting the average body weights of 100 birds/house on growth day 
45. Treatments were assessed for hock, footpad, and feather quality at 42d. 
Birds were also assessed for stress via corticosterone concentrations and 
heterophil/lymphocyte ratios at 42d. At d45, TRT2 had a 5.99 lb. average 
body weight as compared to TRT1 which had a 5.76 lb. average. Treat-
ments differed in their stress susceptibility. TRT1 had higher corticoste-
rone concentrations (3181 pg/ml) and higher heterophil/lymphocyte ratios 
(0.51) than TRT2 (2313 pg/ml, P = 0.03 and 0.34, P = 0.001, respectively). 
There was no difference observed between treatments in hock or feather 
scores; however, TRT2 had higher (P < 0.001) footpad scores (1.37) than 
TRT1 (1.03). The results indicate that the ONCE recommended LED 
lighting program (TRT2) may result in increased growth and lower stress 
when compared with the traditional industry lighting program(TRT1). 
There were similarities in hock and feather condition, but differences in 
footpad scores between the two LED treatments.

Key Words: LED Lighting, broiler, poultry, spectrum, Light Emitting 
Diodes

T176 Effects of incubation conditions on growth performance and 
organ development of two egg laying pullet strains from hatching 
to 21 days of age Ricardo Fasanaro*1, Edgar Oviedo-Rondón2, Beatriz 
Saldaña3, Albaraa Sarsour2, Luis Bernal-Arango4, Mariana Mesquita5, 
Hernan Cordova2 1Universidade Estadual Paulista; 2North Carolina State 
University; 3Universidad Politécnica de Madrid; 4Politécnico Colombiano 
Jaime Isaza Cadavid; 5Universidade Federal de Goiás – Goiânia
Incubation conditions affect broiler development and performance. One 
experiment was conducted to study the effects of incubation temperature 
profiles on performance and organ development of two layer strains. Two 
temperature profiles were evaluated in a factorial arrangement. The Stan-
dard conditions consisted of maintaining eggshell temperatures at 37.7ºC, 
simulating single-stage incubation. The LowHigh treatment consisted of 
maintaining setter temperature at 37.5oC and hatcher at 36.9oC, simulating 
multi-stage incubation. At hatch, 160 d-old pullets, 40/ treatment combi-
nation, were placed in 32 cages. At hatch, 7, and 21 d of age, pullets were 
weighed and feed leftover measured. BW gain (BWG), FI, and FCR were 
calculated. At 24 d of age, 3 birds per cage were euthanized and organs 
of the gastrointestinal tract and heart were collected and weighed. Data 
was analyzed as a randomized complete block design with a 2 x 2 facto-
rial arrangement with layer strains (HL-Brown and W-36) and incubation 
conditions (Standard and LowHigh) as main factors. At hatch, W-36 pul-
lets were heavier (42.2 vs. 39.8 g; P < 0.001) than HL-Brown pullets and 
no significant effect of incubation was detected on pullet BW. However, 
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for the entire study HL-Brown pullets had greater BWG (209 vs. 179 g; 
P < 0.001) and consequently, were heavier (249 vs. 221 g; P < 0.001) 
than W-36 pullets at 21 d of age. Hence, FCR was better (1.86 vs. 2.01; 
P < 0.001) for HL-Brown than for W-36 pullets. Pullets hatched under 
Standard conditions gained more weight (197 vs. 192 g; P < 0.05), but no 
other effect of incubation on performance was observed. At 21d of age, the 
relative weight of heart and spleen, and the relative length of the small in-
testine were greater (P < 0.05) in HL-Brown pullets than in W-36 pullets, 
but incubation conditions did not affect development of any of the GIT or 
heart. In summary, HL-Brown pullets had better performance and organ 
development than W-36 pullets. Incubation temperatures affected growth 
but did not affect FI, FCR or organ development at 21 d of age.

Key Words: incubation, performance, pullets

T177 Comparison of Broiler Paw Lesions in the Field versus the 
Processing Plant – A Field Study Suzanne Dougherty*1, Ken Opengart2, 
S Bilgili3 1Pecking Around Consulting; 2Keystone Foods; 3University of 
Auburn
The objective of this study was to determine the relationship between 
broiler paw scores evaluated in the field and the paw scores evaluated in 
the processing plant from the same birds. The assumption was that if there 
is a strong relationship between the two points of evaluation, paw scores 
could solely be evaluated in the processing plant to avoid the need to han-
dle live birds in the field during animal welfare evaluations. Broilers in a 
small and big bird complex were evaluated at processing age (39 and 59 
days). Paw evaluation was performed on 450 birds at the farm after feed 
withdrawal and just prior to catch. The same birds were scored twice at the 
processing plant, post feather picking and again after the paw processing 
(i.e., cuticle removal). Paw lesions were scored as 0 (none), 1 (mild) and 2 
(severe) at all three points of evaluation. 

Results showed that, at both market ages, as paws progressed through the 
normal processing steps, the accuracy of scoring improved. This initially 
occurred as paws were washed, and continued as cuticle was removed. 
The results suggest that paw scores at processing provide a more accurate 
assessment of actual paw quality than assessments conducted in the field. 
The results of the study also suggested that the scoring system should be 
simplified from a 3-tiered (0,1,2) to a two-tiered (0,1), pass/fail scheme. 

The American Association of Avian Pathologists (AAAP) Animal Welfare 
Committee has endorsed this method for scoring broiler paws. As a result, 
the National Chicken Council (NCC) and Professional Animal Auditors 
Certifying Organization (PAACO) have adopted this method of paw scor-
ing for their broiler animal welfare audits.

Key Words: broiler, paw lesions, paw score, processing plant, field

T178 Novel biosensor detects and quantifies Salmonella spp. in 
seconds; comparison to sandwich ELISA. Maurice Pitesky*1, Rob 
Atwill2, Myrna Cadena3, Jennifer Chase2, Andrew Korey4 1UC Davis 
School of Veterinary Medicine-Cooperative Extension; 2Western Institute 
for Food Safety and Security, UC Davis; 3UC Davis School of Veterinary 
Medicine; 4PathLog Corporation
Salmonella detection and surveillance on grow out broiler farms and pro-
cessing plants is primarily done with qualitative methods. Specifically, 
common detection methods include boot swabs coupled with enrichment 
and PCR in broiler houses and performance standard compliance testing 
in broiler processing plants. Quantitative methods such as MPN and stan-
dard ELISA are considered time consuming, have deficient sensitivity, 
and therefore are considered impractical. We evaluated a novel Radio Fre-
quency (RF) based ELISA biosensor technology which allows immediate 
(e.g. within seconds) determination of the presence of Salmonella at the 
point of use that thereby avoids the time delays of sending samples to a 
laboratory and waiting for culture results. 

Initial experiments determined the lower threshold of detection for Salmo-
nella Enteritidis (SE) and Salmonella Heidelberg (SH) using the novel RF 

based ELISA biosensor. Results were compared to a standard sandwich 
ELISA assay using conjugated biotinylated secondary antibodies with 
HRP. The standard ELISA assay took approximately 6 hours and the 
threshold of lower detection was determined to be between 104 to 105 
CFU/mL for SE and 106 CFU/mL for SH. 

In contrast, the single-use biosensors detected SE and SH samples within a 
few seconds of application of 100 µL samples directly to each sensor. The 
lower threshold of detection for the biosensors was 103 CFU/mL for both 
SE and SH, with a linear response curve. Further refinements are ongo-
ing to improve diagnostic sensitivity for different matrices consistent with 
grow-out and poultry processing.

Key Words: Radio Frequency ELISA, Salmonella, Rapid, Quantitative

T179 Evaluation of EFG broiler model to predict the effects of 
environmental conditions and feed composition on broiler live 
performance Luis Bernal-Arango*1, Edgar Oviedo-Rondón2 1Politécnico 
Colombiano Jaime Isaza Cadavid; 2North Carolina State University
Growth models are strategic tools to aid in decision making process in 
poultry production, but their accuracy of prediction should be evaluated. 
The objective of this study was to evaluate the accuracy of prediction 
for BW, BW gain (BWG), feed intake (FI) and FCR of the EFG Broiler 
Model software using data from a broiler company in Colombia. Data of 
broiler weekly live performance up to 35 d of age from 12 flocks raised 
in three farms located in the Valle del Cauca, Colombia, was analyzed. 
Each flock of 90,000 to 160,000 chickens was divided into several houses 
(5 to 8) within each farm and separated by sex. Therefore, average data 
of each house were used as replicates within each flock for a total of 72 
houses. Data input for the EFG software included feed nutrient content, 
feeding schedule, daily environmental temperature, mortality, health plan, 
and lighting program. The variables analyzed were BW, BWG, daily 
and cumulative FI, and FCR. All observations were first analyzed in a 
randomized complete block design by ANOVA to determine effects of 
period of the year, farm conditions, and ventilation type and all possible 
interactions. Simulations were conducted in EFG with these variables 
initially with a common environmental temperature. Regression analysis 
for observed and predicted values was applied to obtain the coefficient of 
determination and calculate all other parameters for mathematical model 
evaluation. Significant regression coefficients (P<0.001) were determined 
for all variables analyzed being all higher than 0.89. The growth model 
was able to predict all variables with high accuracy (R2>0.96). The mod-
el efficiency was between 0.99 for BW and 0.85 for FCR. The error of 
prediction calculated with initial simulations was between 9 to 16% and 
reduced by including specific temperature profiles for each period of the 
year. The most accurate predictions were made for BW and cumulative FI 
(R2>0.99). The EFG Broiler Model was accurate in predicting broiler live 
performance variables, but its accuracy depended on correct description of 
environmental conditions.

Key Words: growth models, environment, broilers, management, 
prediction

T180 Field evaluation of litter-less flooring system Casey Ritz*, Michael 
Czarick, Brian Fairchild The University of Georgia
The objective of the study was to compare broiler performance and envi-
ronmental conditions in a house with a litter-less flooring system (LFS) 
to a conventional house. The LFS is comprised of two 18” x 18” polymer 
based tiles to create a small air space underneath the birds/manure. The 
bottom tile is a configuration of cone pegs that create a continuous air 
space and is engineered to support typical heavy equipment. 

The four 50’ X 500’ totally enclosed broiler houses (two treatments, two 
controls) were fitted with monitoring equipment to evaluate gas and 
electricity usage, temperature and Rh, NH3 and dust concentrations, and 
darkling beetle populations. Foot pad quality was monitored the last week 
of the flock. The houses were caught and processed separately and bird 
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performance variables (bird weight, feed conversions, condemnation, and 
mortality) were provided by the poultry company.

NH3 concentrations were lower in the LFS houses. The difference in NH3 
concentrations between the LFS and Control houses decreased with bird 
age. Particulate concentrations tended to be lower in the LFS houses. The 
difference in particulate concentrations between the LFS and Control 
houses also decreased with bird age. Energy usage was higher in the LFS 
houses than control houses in part to the higher brooding temperatures 
required to keep young birds comfortable as well as due to farm manager’s 
efforts to dry the wet manure by increasing the minimum ventilation rates. 
Darkling beetle populations were significantly reduced with the use of the 
LFS flooring system likely due to the lack of bedding material which dis-
rupted their habitat. Paw quality, as an animal welfare evaluation standard, 
was significantly decreased with the LFS system. No appreciable differ-
ences in final bird weight, FCR or livability were noted between the LFS 
and control flooring. First week mortality tended to be higher with the LFS 
flooring system.

Though the LFS system did show promise in the areas of NH3 and par-
ticulate matter concentration reductions, issues with bird welfare and 
mortality, energy usage, labor, and longevity of the system components 
indicate that further research and development would be required before 
the system could be considered as a commercially viable product.

Key Words: Litter, Ammonia, Particulate, Dust, Paw quality

T181 Broiler heat removal analysis by whole house calorimetry 
Michael Czarick*, Brian Fairchild, Matthew Hicks, Cody Brown The 
University of Georgia
The objective of this study was to evaluate heat removal from tunnel 
ventilated broiler houses. A commercial broiler house was used as a large 
calorimeter which allowed bird heat production to be explored as a func-
tion of temperature, relative humidity (Rh) and air velocity. The total, sen-
sible and latent bird heat production was measured in a number of houses 
on different farms with market age broilers. Several trends in bird heat 
production/loss were observed which can be used by growers and integra-
tors to minimize heat stress during hot weather. During typical hot sum-
mer conditions, bird heat represents 97% of the total heat production in a 
broiler house. The total heat production per bird increased linearly with 
air speed for average air velocities between 350 and 525 ft/min. Approxi-
mately 30% of the heat production increase in a commercial broiler house 
is a result of the combination of increased bird weight and increased heat 
removal as air velocities increase. The total heat production, on average, 
was partitioned into 40% sensible and 60% latent. This indicates that even 
in the presence of air velocities between 350 to 525 ft/min that market age 
birds lose the majority of the heat they produce through the evaporation 
of moisture off their respiratory system. At high air velocities (450–550 ft/
min) latent heat production/loss decreased rapidly between the tempera-
tures of 75 to 85°F as Rh rose above 85%. Total bird heat production var-
ied diurnally (day/night). The amplitude of the diurnal variation was influ-
enced by lighting program and fan operation. Shorter day lengths resulted 
in a decrease in nighttime heat production and a corresponding increase in 
daytime heat production which could increase the potential for bird heat 
stress. Increasing nighttime air velocity resulted in an increase in night-
time heat production and a corresponding decrease in daytime heat pro-
duction. This in part could help to explain why other studies have reported 
increased bird performance during hot weather when high air speeds are 
maintained throughout the night.

Key Words: Body temperature, Heat stress, Air velocity, Lighting 
program

T182 The environmental and economic impact of eliminating 
antibiotics from U.S. broiler production Matthew Salois*, Roger Cady, 
Eric Heskett Elanco Animal Health
1. Purpose

While antibiotic-free (ABF) production in broilers is generally acknowl-
edged to adversely impact production efficiency, limited studies have 
looked at the broader environmental and economic consequences. This 
study assesses the impact of ABF broiler production in the U.S. on re-
source utilization requirements (land, feed, and water utilized), as well as, 
the additional waste produced, and increased production costs incurred. 

2. Design
A simulation model was developed that compares output between con-
ventional and ABF production based on differences in average mortality, 
space requirements, days to grow-out a defined sized bird, and downtime 
days between production cycles. The difference in meat output at the 
house-level is aggregated to estimate the market-level impact of 100% 
ABF. The model estimates the environmental and economic impact by 
calculating the additional feed, land, and water needed to support those 
birds, as well as, the additional manure and production cost generated. 

3. Results
Findings show that ABF production reduces the quantity of meat pro-
duced at the house-level and requires additional birds to be placed to keep 
supply constant (Table). A simulated hypothetical 100% ABF market 
requires between 680 – 880 million more birds to maintain supply and 
results in between 95 – 230 million more bird deaths than a conventional 
system. In terms of the impact to resource utilization, a 100% ABF market 
requires between 5.4 – 7.6 million tons of additional feed which requires 
between 2.5 – 3.3 million more acres of land to grow. The additional birds 
required for 100% ABF require between 1.9 – 3 billion gallons of water 
and produces between 4.6 – 6.1 million tons of additional manure than a 
conventional system. A 100% ABF system at the market-level results in an 
additional production cost of between $3.0 – $3.8 billion dollars.

4. Conclusions
Findings reveal that eliminating the use of antibiotics in the raising of 
broilers would have a negative effect on the conservation of natural re-
sources as well as a negative economic effect via increased prices to the 
consumer.

Key Words: antibiotic-free, broiler, sustainability

T183 Sanitization of a Marek’s vaccination device: Impact on vaccine 
viability Alexandra Mendoza-Reilley*1, Ivan Alvarado1, Ernst Van Gulijk2, 
Holly Sellers3, Christine Lobsinger4 1Merck Animal Health; 2Nova-Tech 
Engineering LLC; 3The University of Georgia; 4The University of Georgia-
PDRC
The poultry industry has been gradually eliminating the use of antibiotics 
in the hatchery, and put more emphasis on enhanced cleaning and sanita-
tion practices throughout incubation, hatch and chick processing.

Subcutaneous vaccination at the hatchery is still a common practice in 
primary breeders and commercial layers, and continuous improvement in 
vaccine administration and sanitation processes has been emphasized due 
to the reduction or elimination in the use of antibiotics. 

The objective of this study was to assess the use of three different disin-
fectant agents applied through a sanitation device, attached to a Marek’s 
® vaccinator. 

This study will present the impact of three products on vaccine viability 
of a Marek’s recombinant vaccine, in addition to the use of the best per-
forming disinfectant, and its potential to reduce bacterial contamination 
during vaccination. The study was divided in two parts as follows: vaccine 
viability performed at the laboratory, and the bacterial growth assessment 
from vaccine samples collected during normal chick processing at a com-
mercial hatchery.

Statistical analysis comparing treatments over-time was performed using 
the Anova test (Pvalue < 0. 05) followed by the Tukey’s test.

A significant reduction in cell counts and titer of the vaccine was observed 
in the Glutaraldehyde/Quaternary Ammonium compound treatment 
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group, and no adverse effect of ddH20 was observed when using it as a 
cleaning agent. The use of Isopropyl Alcohol 70% proved to be the best 
performing disinfectant agent in minimizing potential effects on vaccine 
titer and cell viability, and in controlling potential bacterial contamination 
throughout the vaccination process.

During normal chick processing at the hatchery, three treatments were 
evaluated: Distilled Water (ddH20), Isopropyl Alcohol 70% and com-
pressed air only. The vaccine samples were collected in sterile phosphate-
buffered saline solution (PBS) as they were ejected from the Nova-Tech 
Poultry Service Processor. The vaccine samples were spread plated onto 
nutrient agar and incubated at 37oC for 24 hours. Plates were observed 
for growth and left at room temperature for 24 hours to be observed again 
for growth. 

While no growth was observed for the samples collected from the ma-
chines using ddH20 and Isopropyl Alcohol as cleaner and sanitizer agents, 
positive growth was observed from those collected from the machine us-
ing only regulated compressed air through the sanitation system.

Key Words: sanitation, Marek’s vaccination, vaccine titer, subcutaneous 
vaccination, vaccination at the hatchery

T184 Stress assessment by hematology – requirements and 
application. Paul Cotter* Cotter Laboratory
The purpose of the presentation is to describe minimal needs for estab-
lishing stress by hematology. Since stress is included in welfare assess-
ments, a recognition scheme is necessary. A simple, hematology based 
premise, suggests a “tranquil hemogram” indicates non-stress; that is 
normal cellularity and proportions of leukocytes. This means the absence 

of a “complex hemogram”. Data obtained from commercial hens at 48 
wk will illustrate the principles. Wright stained peripheral blood from 50 
hens in 3 cage types, aviary (AV) conventional (CC) and enriched (EN) 
are the data. Standard differential counts were possible on 130 samples 
(87%) giving heterophil/lymphocyte statistics H/L 1, H/L 2, and ΔH/L. 
Total white blood counts were possible on 117 samples (78%) giving cel-
lularity. The AV H/L 1 (0.40) was higher than either CC or EN (0.30) (P 
< 0.06). No cage differences occurred in H/L 2 ratios. Mean cellularity in 
thousands/μL (K) was high enough to be classified as “leukemoid” (AV 
= 92K, CC = 102K, EN = 68K/mL; P <0.006). The response to bactere-
mia and fungemia, detected microscopically, were likely explanations of 
cellularity. Linear regression of H/L 2 vs. H/L 1 explained ~88% of the 
cage associated variation after removal of 9 statistical outliers. The H/L 2 
ratio, calculated by dividing all heterophil types by all lymphocyte types 
is a necessary statistical companion to H/L 1. The (H/L 1 – H/L 2) differ-
ence (ΔH/L) estimates the relative contribution of reactive and atypical 
lymphocytes to the blood picture. This should not exceed 0.1. Each ratio 
is a prerequisite to apply hematology to stress. Cytological atypia “foam 
cells” or lymphocytes having vacuolated cytoplasm were a common fea-
ture of hemograms. They occurred in associated with atypical heterophils. 
Mature and developmental cyanophils, a fourth granulocyte type, were 
common among these samples. Free and phagocytosed bacteria (poly-
microbial bacteremia, PMB) were common. Cytologic atypia were not 
restricted to samples with high H/L ratios or TWBC. In conclusion, no 
single hemogram statistic is sufficient to obtain an accurate blood picture. 
The use of H/L 1, H/L 2, and ΔH/L increases the utility of hematology 
data. However, atypia of any leukocyte category must be considered as an 
important indicator of welfare status.

Key Words: hematology, H/L ratios, cellularity, atypia, welfare

Metabolism & Nutrition VII
T185 Enzyme complex improves productive performance of laying 
hens Roberto Montanhini Neto*, Mathilde Le Crapper, Pierre Cozannet, 
Aurélie Preynat ADISSEO
Cereals and soybean meal are widely used in poultry feed for their high 
nutritional values in term of energy and proteins. However, the presence 
of anti-nutritional factors such as non-starch polysaccharide (NSP) can 
limit nutrient utilization. Indeed, NSP can have a “cage effect” action on 
starch and protein and they can decrease overall nutrient digestibility. The 
addition of enzymes, especially carbohydrases to diets represents a way to 
increase digestion efficiency. The objective of this study was to investigate 
the effect on production performances of laying hens of a multi-enzyme 
complex, using a meta-analysis.

In 3 independent trials, 1440 laying hens were divided into two treat-
ments: 1) Control (CTR), and 2) CTR + NSP enzyme (50g/ton; Rovabio® 
Advance P). Diets were fed from 20 to 47 weeks of age. All diets were 
analysed for xylanase and beta-glucanase activities and results were in 
agreement with expected levels. Feed formulation were standard includ-
ing wheat, barley, wheat bran, triticale and soybean meal. Egg production, 
egg weight, feed intake, feed conversion ratio (FCR), body weight (BW), 
mortality and egg quality characteristics were used as response criteria to 
enzyme supplementation. Data were subjected to mixed procedure analy-
sis. Block (n=16; 24; 24) and treatment (n=2) were used as fixed effect and 
study (n=3) as random effect.

On global period, Rovabio® Advance P had a significant positive effect on 
FCR by 2.3% (2.04 vs. 2.09), explained partially by a reduction in feed 
intake (-1.7%; P = 0.008). Rate of lay, as well as egg mass output tended 
to be increased by supplementation of the diet with the enzymes, with a 
numerical improvement of 0.8 and 1.1%, respectively (P = 0.07). In addi-
tion, eggshell weight was significantly increased (1.4%; P = 0.031). 

In conclusion, multi-enzyme complex is effective in enhancing productive 
performance of layers fed wheat-based diet and can also increase quality 
of eggshell, through probably a better nutrient digestibility and particu-
larly minerals.

Key Words: layers, enzyme, performance

T186 Effects of fumonisins and deoxynivalenol on broiler chicken and 
the efficacy of a mycotoxin deactivating enzyme and a bacterial strain 
to counteract Verena Starkl*, Sabine Masching, Ursula Hofstetter Biomin 
Holding GmbH
From January to September 2015 more than 5000 samples of different 
feed and raw materials were analyzed as part of the BIOMIN Mycotoxin 
Survey. On a global basis, about 62% of all investigated samples were 
contaminated with fumonisins and 77% of all samples were contaminated 
with deoxynivalenol. The high prevalence of fumonisins and deoxyniva-
lenol as well as the negative impact on poultry’s health and performance 
reveals the necessity on successful counteraction of these toxins.

For a successful registration of products and/or components to counter-
act mycotoxins in animals in the European Union, studies with respec-
tive biomarkers are requested. Currently under registration for the use 
in broiler diets are a fumonisin esterase (FUMzyme®) and a life bacterial 
strain (Biomin BBSH®). FUMzyme® biotransforms the toxic fumonisin B1 
(FB1), cleaving off two tricarballylic acid side chains resulting in the much 
less toxic hydrolyzed fumonisin B1 (HFB1). The level of FB1 and HFB1 
in feces are recognized biomarkers. Broiler were fed 15 ppm of FB1 with 
and without the fumonisin degrading enzyme. Adecreased level of FB1 
and increased level of HFB1 in feces prove the capacity of the fumonisin 
esterase to degrade FB1 to HFB1.

De-epoxidases produced by a life bacterial strain (Biomin BBSH®) de-
grade deoxynivalenol (DON). The levels of DON-3-sulfate and DOM-
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3-sulfate in feces act as biomarker and prove the efficacy of the prod-
uct. Broiler were fed DON contaminated feed with and without Biomin 
BBSH®. In the group that received both the DON contaminated feed and 
Biomin BBSH®, the level of DON-3-sulfate was significantly reduced. 
The level of DOM-3-sulfate, the product proving successful biotransfor-
mation by the bacterial strain, was increased.

Both above described components were combined to evaluate their capac-
ity to counteract the negative effect of deoxynivalenol and fumonisins on 
broiler performance. To this end 400 day-old broiler were separated into 
two groups (with and without Biomin BBSH® + FUMzyme®) and both fed 
naturally contaminated feed. Treatment of the contaminated feed lead to a 
difference in weight gain of 128 g/broiler after 35 days. The above men-
tioned trials clearly show the effects of DON and FUM on biomarkers and 
on the performance of broilers. An additive based on a specific enzyme 
(FUMzyme®) to detoxify fumonisins and a bacterial strain to biotransform 
trichothecenes (Biomin BBSH®), allows the poultry producer to reduce 
the effects of frequently occurring mycotoxins on his animals. Statisti-
cal calculations were carried out using IBM SPSS 19.0 and IBM SPSS 
Sample Power. 

Key Words: Fumonisin, Deoxynivalenol, Biotransformation, Enzyme

T187 Interaction between SBM trypsin inhibitor level and efficiency 
of protein hydrolysis by pancreatic and microbial proteases Paulina 
Tamez-Hidalgo*1, Katrine Pontoppidan2, Nelson Ruiz3, Jose Sorbara4 
1Novozymes A/S; 2Novozymes; 3Nelson Ruiz Nutrition, LLC; 4DSM
Heat-treatment in soybean processing is common practice, aiding to inac-
tivate antinutritional factors and thereby improving the nutritional value 
of the final product. Antinutritional factors such as trypsin inhibitors (TI) 
are naturally occurring proteins in soybeans, known to affect the activ-
ity of pancreatic digestive enzymes (trypsin and chymotrypsin). High 
level of TI in the feed is correlated with outbreaks of rapid feed passage 
in broilers, and hence, poor animal performance. Thus, reduction of TI 
in soybean meal (SBM) processing is crucial. Extensive heat-treatment 
however, reduces protein solubility, thus, the availability of protein for di-
gestion. In the present study, the in vitro hydrolytic efficiency of porcine 
pancreatic proteases and a protease of microbial origin were investigated 
on various commercial SBMs ranging from low to high residual TI level. 
Eight SBMs were analyzed using two different enzyme preparations, a) 
a purified preparation of pancreatic trypsin and chymotrypsin with ap-
proximately 90% trypsin and 10% chymotrypsin on a protein:protein ba-
sis, and b) a purified preparation of an S1 protease from Nocardiopsis 
prasina (RONOZYME ProAct, Novozymes A/S, Denmark). The SBMs 
were similar in terms of total dry matter and crude protein content but a 
considerable variation in protein solubility was observed among samples 
(17-89%). In addition, TI content varied significantly (non-detected to 
6.11 mg/g DM) and urease activity values (expressed as pH units) cor-
responded well with TI. Providing thus, a set of well segregated samples 
with regards to nutritional quality. Incubations with enzyme preparations 
showed that protein solubility was an important limiting factor for pro-
tein hydrolysis both for pancreatic proteases and for microbial protease. 
Furthermore, the results confirmed that TI level significantly affect the 
efficacy of protein hydrolysis by pancreatic proteases. In contrast, the mi-
crobial protease did not seem to be affected by high TI levels as protein 
hydrolysis in all SBM was equally effective. These results indicate that 
the use of a non-inhibited microbial protease might serve as a potential 
tool to maintain high protein digestion rate in animals fed diets containing 
marginally high residual TI levels.

Key Words: Soybean meal, Trypsin inhibitor, Protease, Protein solubility, 
Urease activity

T188 Performance of broilers fed diets supplemented with yeast 
mannan oligosaccharide and/or nucleotides from different sources 
Melina Bonato*1, John Schleifer2, Glycon Santos1, Brett Lumpkins3, Greg 
Mathis4 1ICC Industrial Comércio Exportação e Importação Ltda; 2Quality 
Technology International, Inc.; 3Southern Poultry Research, Inc.; 4Poultry 
Research, Inc.
This study evaluated the effects of supplementation of each of 4 yeast 
mannan oligosaccharide and/or nucleotide sources on broiler perfor-
mance. For this, 3,000 one-day-old Cobb male chicks were distributed in 
a completely randomized block design, with 6 treatments and 10 blocks 
with 6 replications (0.29 m2/bird). The treatments were: T1- Control diet 
(no additive supplemented); T2- Diet with Bacitracin Methylene Disalicy-
late [BMD] (50 g/MT, from 0-42 days); T3– Diet with yeast cell wall from 
Saccharomyces cerevisiae (0.5 kg/MT of product named IMW50®, from 
0-42 days); T4- Diet with yeast cell wall from Saccharomyces cerevisiae 
(0.5 kg/MT of commercial product named MOS1 from 0-42 d); T5- Diet 
with inactive yeast cells from Pichia guilliermondii (0.5 kg/MT of product 
named MOS2, from 0-42 days); T6- Diet with nucleotide source from 
Saccharomyces cerevisiae (1 kg/MT from 0-14 days and 0.5 kg/MT from 
14-42 d using product named Hilyses®). Built-up (recycled) litter was 
used. Study criteria included body weight gain (BWG, kg), feed intake 
(FI, kg), feed/gain ratio (FGR), and mortality rate (%) at 28 and 42 d. The 
data were analyzed using the SAS LSD test (P≤0.05) to separate means 
when ANOVA F values are significant (P≤0.05). The birds supplemented 
with BMD had greater FI (+5.2%) when compared to MOS2 (P<0.05) at 
28 d. For BWG, birds fed diets with BMD (+4.8%) and IMW50® (+4%) 
showed the best results when compared to MOS2 (P<0.05). However, 
the birds treated with Hilyses® had best FGR (-2%) compared to control 
(P<0.05) at 28 d. The treatments had no effect (P>0.05) on FI, BWG, or 
mortality rate at 42 d. However, diets supplemented with BMD (-2.1%) 
or MOS2 (-2.8%) had improved (P<0.05) FGR compared to control birds 
whereas birds treated with Hilyses® showed best FGR (-3.2%) when 
compared to control and MOS1. In summary, this study demonstrated that 
broiler diets supplemented with BMD, MOS2, or Hilyses® significantly 
improved feed/gain ratio from 0-42 d on built-up litter compared to con-
trol diets.

Key Words: antibiotic, prebiotic, Saccharomyces cerevisiae

T189 Broiler performance and footpad health in broilers fed an 
additive composed of secondary plant compounds (SPC) Wilmer 
Pacheco*, Wallace Berry, Joseph Hess Auburn University
Growing interest in antibiotic free production of poultry meat and eggs has 
led to a rise in non-antibiotic growth and health enhancers in poultry pro-
duction. This trial examined the influence of a commercial product com-
posed of SPC (Activo, EW Nutrition, USA, Des Moines, IA) on broiler 
live performance, footpad health and processing yield. Male broilers (35 
birds/pen, 11 pens per treatment) were raised to 49 d on used litter in hot 
weather conditions to test the influence of SPC on broiler live performance 
(14, 35 and 48d), footpad quality (48 d) and meat yield (49 d). Treatments 
included a negative control (NC); a positive control (PC) including BMD 
(starter and grower) and virginiamycin (finisher and withdrawal); nega-
tive control plus SPC at 130 grams/ton of feed; and positive control plus 
SPC. A four-phase feeding program was used with 0.68 kg starter, 2.27 
kg grower, 2.70 kg finisher and withdrawal to 49 days. At 49 d, 10 birds/
pen were processed for yield determination. After processing, carcasses 
were chilled in slush ice for 3-4 hr before chilled carcass weights were 
determined. Meat yield determination was completed after deboning by 
professional deboners. Body weight gains (BWG) from 35 to 48 d were 
significantly higher for both SPC treatment (1.152 vs 1.053 kg). Birds fed 
PC with or without SPC weighed less at 35 and 48 d contrary to expecta-
tions. A similar result was noted in BWG from 14 to 35 d. Feed consump-
tion (FC) was affected by treatment only for the PC from 14 to 35 d. FC 
was non-significantly increased in treatment fed SPC from 35 to 48 d. 
Feed efficiency (FCR) was improved in treatments fed SPC. These differ-
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ences showed more clarity when FCR was adjusted for mortality weight 
(AFCR) from 35-48 (2.062 vs 2.170) and 0-48 d (1.644 vs 1.672). Birds 
fed SPC showed a lower percentage of birds with footpad lesions (25 vs 
39%). Mild lesions were likewise lower in the SPC treatment without an-
tibiotics. Mortality did not differ by treatment with the exception of an 
increase in PC-fed birds between 14 and 35 d. Breast fillet, tender, wing 
and leg yields were not influenced by dietary treatments in this trial. SPC 
improved gain, FCR adjusted for mortality and footpad health in broilers 
during hot weather

Key Words: Broiler live performance, secondary plant compounds, 
footpad quality

T190 Effect of lysophospholipids product (LIPIDOLTM) 
supplementation to low metabolizable energy, crude protein, and 
selected amino acids on growth performance, nutrient digestibility, 
immunity, and gastrointestinal morphology in broilers Waewaree 
Boontiam1, Hee Seong Kim1, Sung Ho Do1, Seoung Ok Nam1, Yoo Yong 
Kim1, Byoungyun Jung*2 1Seoul National University; 2EASY BIO, Inc.
Effect of lysophospholipids product (LIPIDOLTM) supplementation to low 
metabolizable energy, crude protein, and selected amino acids on growth 
performance, nutrient digestibility, immunity, and gastrointestinal mor-
phology in broilers

Waewaree Boontiam1, Hee Seong Kim1, Sung Ho Do1, Seoung Ok Nam1, 
Byoungyun Jung2, Yoo Yong Kim1

1Department of Agricultural Biotechnology, College of Agricultural and 
Life Sciences, Seoul National University, Seoul, South Korea, 2EAY BIO 
Inc.; Seoul, South Korea

The objective of this study was to investigate the effects of supplementa-
tion of lysophospholipid product (LipidolTM) to low energy and nitrog-
enous diets on growth performance, blood metabolites, immunity, and 
gastrointestinal morphology in broiler chickens. A total of 300-d-old Ross 
308® male broiler chicks were assigned to the 5 experimental diets, with 
5 replications of 10 birds each in a completely randomized design. The 
five treatments were: positive control (PC); negative control (NC) reduced 
150 kcal/kg of ME, around 4% CP and selected amino acids in calculated 
amount of PC; NC + 0.05% LipidolTM (T3), NC + 0.10% LipidolTM (T4), 
and NC + 0.15% LipidolTM (T5). The results revealed that feeding Li-
pidolTM improved BWG in young birds (P < 0.05) as similar to the birds 
fed PC. Increasing LipidolTM level improved linearly FCR during an entire 
period (P < 0.05). The improvements of EE and CP digestibility also ob-
served in birds fed LipidolTM as compared to the NC (P < 0.05). The birds 
fed NC were more susceptible to inflammation by increasing crypt depth 
in the jejunum and duodenum (P < 0.01). The result was consistent to the 
serum immunity of IL-1 (P < 0.01). On the contrary, the addition of 0.05% 
LipidolTM to the NC diet alleviated pathogenic invasion or anti-inflamma-
tory in the small intestine, with increased villus height and the VH:CD ra-
tios (P < 0.05) or decreased crypt depth (P < 0.01). In addition, LipidolTM 
groups had lighter weights and shorter lengths of duodenum, jejunum, and 
ileum compared to the NC group (P < 0.05). These imply that the intes-
tinal segments of broiler are become lighter and longer in responses to 
increase nutrient digestion and absorption, resulting in improved growth 
performance and feed efficiency. The positive effects of the inclusion Li-
pidolTM to low-energy and AA diets were significantly enhanced metabolic 
concentrations of blood glucose (P < 0.01), protein utilization (P < 0.01), 
and enzyme activity (P < 0.05) without the enlargement of hepatic size 
(P < 0.01). Overall, LipidolTM shows promising effects on growth per-
formance, carcass traits, gut health and anti-inflammatory when reduced 
energy and nitrogenous diets were fed to broilers.

Key Words: LipidolTM, lysophospholipids, lower energy and 
nitrogenous diets, gastrointestinal morphology, broilers

T191 Evaluation of the efficacy of a multi enzyme carbohydrase 
complex in corn-soybean meal fed broilers by a meta-analysis Aurélie 
Preynat, Roberto Montanhini Neto* ADISSEO
The efficacy of a multi-enzyme complex (Rovabio® Advance) has been 
evaluated using pen and metabolic trials. Twelve in vivo trials were used 
for a meta-analysis to determine growth performance parameters (feed 
intake (FI), body weight gains (BWG) and feed conversion ratio (FCR)) 
from d 0 to market age as well as for the different phases (initial, grower 
and finisher). In 5 growth performance trials, the enzyme complex was 
added to more than one basal treatment, totalling 17 observations in the 12 
trials.Three metabolic studies were also added to allow evaluation of ap-
parent metabolizable energy (AME) and nitrogen digestibility. Birds were 
fed corn and soybean meal feeds. The nutritional requirements, the rearing 
procedures, and the commercial broiler breeds vary according to the loca-
tion and were taken into account for the meta-analysis. 

Diets analysis for xylanase and beta-glucanase activities were in agree-
ment with expected levels. y. The model used fixed treatment and random 
study effects. Analyses were performed using the GLIMMIX procedure 
of SAS, in order to evaluate the efficacy of the enzyme. Model included 
enzyme and diet as fixed effect and trials as random effect. Difference 
between the treatment groups (control feed versus feed supplemented 
with the enzyme cocktail) were expressed as percent of improvement 
provided by the enzyme complex. The enzyme complex significantly im-
proved (P<0.05) BWG and FCR by +2.6% and -2.2%, respectively, with-
out significant (P>0.10) effect on FI. The enzyme addition significantly 
improved BWG in 14 observations (82.4% of the cases) and FCR in 12 
observations (70.6%).

In the metabolic trials, the multi enzyme complex improved the AME 
by in average +2.9% (P<0.05), i.e. 90 kcal/kg. Digestibility of protein 
nitrogen was improved by +3.0% (P<0.05). The present meta-analysis 
supports the conclusion that the multi enzyme complex at its commer-
cial recommended dose is effective in broilers fed corn-SBM-based diets, 
through an improvemenet of the energy and protein.

Key Words: broiler, corn, enzyme, digestibility, performance

T192 Replacement of soybean meal by sunflower meal HiPro with 
the addition of exogenous enzymes on broiler performance Roberto 
Montanhini Neto*1, Elisabeth Bourgueil1, Pascal Leterme2, Aurélie Preynat1 
1ADISSEO; 2BUNGE
This study aimed to evaluate the effect of the addition of a commercial 
enzyme complex on growth performance of broilers from d 0 to d 35 fed 
corn-based diets in which soybean meal (SBM, 48% CP) was partially 
replaced by sunflower meal HiPro (SMH, 48% CP). 

Nine hundred and thirty-six d-old male broiler chicks (Arbor Acres Plus) 
were randomly allocated to 6 treatments according to a randomized com-
plete block design experiment with 12 replications and 13 chicks/repli-
cate. The treatments tested were: (T1) regular nutritional levels (breeder’s 
recommendations), corn-SBM; (T2) regular nutritional levels, corn-SBM-
SMH, with a SBM to SMH inclusion ratio of 25/75 (d 1-14) and 50/50 
(d 15-35); (T3) T2 reduced apparent metabolizable energy and digestible 
amino acids by 3% and calcium and phosphorus by 0.12%; (T4) T2 with 
the addition of the enzyme complex (RovabioÒ MAX ADVANCE L, 
based on NSP degrading enzymes in combination with a 6-phytase, 200 
mL/ton); (T5) T3 with the addition of the enzyme complex (200 mL/ton); 
(T6) T3 with the addition of the enzyme complex in double dose (400 mL/
ton). Feeds and water were provided ad libitum. Body weight gain, feed 
intake, feed conversion ratio and mortality were subjected to ANOVA. 

In the overall period, the partial replacement of SBM by SMH (T1 vs. T2) 
significantly degraded the FCR (1.448 vs. 1.371, +5.6%, P<0.01) without 
significant differences for BWG (2674 vs. 2693 g, P>0.10). The reduction 
of nutritional levels of feed with SMH (T2 vs. T3) degraded BWG (2462 
vs.2674 g, -7.9%, P<0.001) and FCR (1.448 vs. 1.458, P<0.05). The ad-
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dition of enzyme complex at 200 mL/ton improved FCR in both diets 
with SMH (regular and reduced nutritional levels) by -3.2% (1.402 vs. 
1.448, P<0.01) and -3.0% (1.414 vs. 1.458, P<0.01), respectively. BWG 
were improved by the enzyme complex in diets with reduced nutritional 
levels (2462 vs. 2667 g, +8.3%, P<0.001). No significant difference in 
any performance parameter were observed between T5 and T6 (200 vs 
400 mL/ton). 

In conclusion, the replacement of SBM by SMH reduced FCR. On the 
other hand, the addition of the evaluated commercial enzymatic complex 
improved performance (BWG and FCR) of broilers fed diets with SMH 
regardless the nutritional level, but it could not recover all FCR degrada-
tion caused by the meal replacement.

Key Words: Broiler, Sunflower meal, enzyme, performance

T193 Evaluation of starter diet protein level on performance and 
carcass yield of broilers raised under sex separated or straight 
run conditions Manuel Da Costa1, T.J. Frost2, J. Halley3, Gene Pesti*1 
1University of Georgia; 2Wayne Farms LLC; 3Aviagen, Inc.
The objective of this experiment was to model the optimum dietary digest-
ible lysine (dLys) levels (maintaining the ideal amino acid ratio to dLys) 
in starter diets when raising broilers sex separate (SS) or together (straight 
run (SR)). 3,240 Ross 708 chicks were separated by sex and placed in 90 
pens by to rearing type SS (36 males (M) or 36 females (F)) or SR (18 M 
+ 18 F). Each rearing type was fed 6 starter diets (25d) formulated to have 
dLys levels between 1.05 to 1.8% in 0.15% increments. A common grow-
er with 1.02% of dLys was fed from 25 to 32d. Body weight (BW) and 
feed intake (FI) were assessed at 13, 25, and 32d for performance evalu-
ation. Additionally, at 13, 25 and 32d 4 birds per pen (SR pens 2M+2F) 
were sampled for carcass yield evaluation. Data were analyzed using non-
linear regression where linear and quadratic effects of dLys and respective 
interactions with rearing type were fitted. At 13d F were the heaviest birds 
followed by SR and M. The dLys level had a quadratic effect on BWG 
and pectoralis major both being maximized at 1.55%. At 25d, M were the 
heaviest followed by SR and then F. There was a quadratic effect of dLys 
with BWG being maximized at 1.36, 1.55, and 1.50% for M, SR, and F re-
spectively. M, SR, and F FCR were minimized at dLys levels of 1.36, 1.40, 
and 1.46% respectively. Pectoralis major was affected by dLys levels with 
1.52, 1.59, and 1.56% (quadratic effect) resulting in heavier muscles for 
M, SR, and F birds. After the common grower, M were heavier followed 
by SR and then F. Starter dLys inclusion level had a quadratic effect on 
BWG and FCR at 32d. BWG was maximized at 1.30, 1.42, and 1.46% and 
FCR minimized at 1.34, 1.39, and 1.43% of dLys for M, SR, and F respec-
tively. Carcass yield was also affect quadratically by dietary treatments. 
Breast meat weight was maximized at 1.50, 1.59, and 1.62% of dLys for 
M, SR and F. Both F and M raised SS did not differ in BWG from F and 
M on SR. In conclusion, there was not a clear difference in BWG of M 
and F either raised SS or SR up to 32d. Nevertheless, there was quadratic 
effect of dLys where F were shown to have performance maximized at 
higher levels than M.

Key Words: sex separate, straight run, lysine, protein, starter

T194 A compound bone index (LIAN2.1) as indicator of bone 
mineralization in broilers Cristian Uculmana1, Diego Martínez*2, Carlos 
Vílchez1 1Universidad Nacional Agraria La Molina; 2LIAN Development 
& Service
Data from three experimental comparisons (C1, C2, C3) on Ca and P nu-
trition with Cobb 500 broilers were used to test the sensitivity of a bone 
index as an indicator of bone mineralization. C1 and C2 had 108 day-old 
chicks placed on 12 cages assigned to three treatments with four replicates 
each, whereas C3 had 180 chicks placed in 20 cages assigned to five treat-
ments. In all the cases bones were obtained (femur, FE; tibiotarsus, TI; 
tarsometatarsus, TS) at d 21, boiled for 15 minutes to remove flesh and 
cartilages and air dried for 24 hours. The following variables were deter-

mined for the three bones: weight (BW), length (BL), average diaphysis 
diameter (DD), volume (BV), density (BD=BW/BV), and shape (PI=BL/
DD), Seedor (SI=BW/BL), Quetelet (QI=BW/BL1/2) and robusticity 
(RI=BL/BW1/3) indexes. Tibia percent ash content (TA) was also deter-
mined. The following index was calculated: LIAN2.1 index = (BW x BD 
/ DD)1/2; where each component had specific units (BW, mg; BD, mg/cm3; 
DD, mm). The data were analyzed using a CRD and the GLM procedure 
of SAS to obtain P-values of each variable for each treatment comparison, 
and Duncan’s test to determine statistical differences among treatments. 
Values obtained in each variable were correlated to TA by the CORR pro-
cedure of SAS. The results found TA as the most sensitive variable to 
changes in mineralization due to its low P-values and frequent differences 
among treatments. High correlations to TA were found in tarsus shape 
index (0.75; P=0.0046), tibia density (0.75; P=0.0049) and tibia LIAN2.1 
index (0.73; P=0.0002). Variables with the lowest average P-values from 
GLM procedure were TI LIAN2.1 index (P=0.00067), TA (P=0.00387), 
FE LIAN2.1 index (P=0.0078), TS shape index (P=0.012), TS LIAN2.1 
index (P=0.0215) and TI density (P=0.0699). TI LIAN2.1 index was the 
only variable that equaled the sensitivity of TI percent ash content in terms 
of the capacity to detect differences among treatments within an experi-
ment. In conclusion, TI LIAN2.1 index can be used as an indicator of tibia 
ash content and bone mineralization.

Key Words: bone mineralization, bone morphometry, ash content, 
skeletal integrity, LIAN index

T195 The absence of correlation between protein solubility and 
digestible amino acids in full-fat soybeans emphasizes focusing on 
trypsin inhibitors reduction Carl Parsons1, Nelson *2 1University of 
Illinois; 2Nelson Ruiz Nutrition, LLC
Ruiz et al. [2004, JAPR 13: 443-450] indicated that overprocessing of 
full-fat soybeans (FFSB) using either a commercial thermal processor or 
a commercial wet-extruder was not accomplished as evaluated by broiler 
chicken performance at 42 days and the absence of correlation between 
KOH protein solubility (KOHPS) and the in vivo digestible lysine coef-
ficient (r-square=0.00). However, their data were obtained within a range 
of minimum-maximum temperatures for each of the processors using the 
starting material raw soybeans. The objectives of this presentation are to 
further demonstrate in the context of commercial FFSB production that 
the KOHPS test indeed is not correlated to digestible amino acid coef-
ficients and to discuss the implications of this finding in the formulation of 
broiler feeds to minimize rapid feed passage outbreaks in the field. A total 
of 10 FFSB samples were analyzed for solubility in .2% KOH in 3 differ-
ent laboratories and for in vivo amino acid digestibility in cecectomized 
roosters. No significant correlation between KOHPS and amino acid di-
gestibility was observed for any amino acid except for lysine. The latter 
correlation was negative and has no biological meaning. Without a cor-
relation between KOHPS and digestible amino acids in FFSB, the major 
objective of its processing should be to minimize antinutritional factors, 
specifically trypsin inhibitors (TI). Given the fact that TI have been impli-
cated as markers in rapid feed passage (“tránsito rápido” in both Spanish 
and Portuguese) outbreaks in broiler flocks fed commercial corn-soy diets 
[Ruiz and Belalcázar, 2005 Poult. Sci. 84(Suppl.1):70], then the absence 
of a correlation between protein solubility and amino acid digestibility 
indicates that emphasis should be placed on TI reduction with less or mini-
mal concern for overprocessing.

Key Words: solubility in KOH, digestible amino acids, full-fat soybeans, 
broilers

T196 Maximizing research results by using simulation in nutritional 
requirement study planning Dmitry Vedenov1, Rashed Alhotan2, Gene 
Pesti*2 1Texas A&M University; 2University of Georgia
An Excel workbook, NUtritional Response Determination Optimization 
(NuRDO), has been developed to simulate the optimal number of nutri-
ent levels and replicates per level when planning nutritional requirement 
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studies. It is widely held that enzyme catalyzed reactions follow Michales-
Menten kenetics. Some enzyme catalyzed reactions should be limiting 
growth whenever a nutrient is at a limiting concentration in the diet. Mer-
cer, Morgan and Flodin (1975) examined a series of nutritional responses 
and showed that they could be well fitted using the so-called “Saturation 
Kinetics” (SK) response model. The SK model is a generalized form of 
the Mechalis-Menton model of enzyme kinetics. Nutritionists generally 
believe that the true response to increasing levels of nutrients in a diet is 
nonlinear. However, in practice, they most often use one-way ANOVA 
and a multiple range test to determine requirements. Spline models with 
an ascending line and plateau can be used to better estimate a requirement 
with confidence limits (Broken Line Linear (BLL) & Quadratic Models). 
Requirements are sometimes taken as the nutrient intake at some arbi-
trary fraction of the maximal response. Alternatively, quadratic polyno-

mials are fitted to nutritional data and the nutrient level at the maximum 
response is taken to represent the requirement. With NuRDO researchers 
can simulate data from what they think is the real shape of the response 
curve. They can then run up to 1,000 simulated experiments to see the 
combination of levels and replications that minimize the standard error of 
the requirements and other parameters for the broken-line models, SK and 
hyperbolic models. For example, consider the BLL model with a “true” 
requirement (REQ) of 5.2, a maximum of 99 units, a rate constant of 18.6 
and a CV of 10%: For 5 input levels and 10 reps per level, the estimated 
REQ ± SD is equal to 5.196±0.106, for 10 levels & 5 reps each, the REQ 
is 5.231±0.157. The workbook can be used in this manner to determine the 
best combination of levels and reps to improve the chances of getting the 
best results possible from experiments.

Key Words: nutrient level, nutritional requirement, simulation
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Physiology
P197 Expression of Nuclear Factor [Erythroid-derived 2]-like 2 
(NFE2L2) and Kelch like-ECH protein 1 (KEAP1) in breast muscle of 
broiler breeder males with high or low feed efficiency. Devin Cook*GS, 
Byung-Whi Kong, Kentu Lassiter, Elizabeth Greene, Alissa Piekarski-
Welsher, Sami Dridi, Walter Bottje University of Arkansas
Oxidative stress may play a role in the phenotypic expression of feed effi-
ciency in commercial broilers (Zhou et al., 2015. BMC Genomics 16:195) 
and in a male broiler breeder line (Bottje and Carstens, 2009. J. Anim. 
Sci. 87:E48-E63). The transcription factor NFE2L2 coordinates cellular 
antioxidant response to oxidative stress and its activity is tightly regulated 
in part by binding to KEAP1 (Kelch like-ECH protein 1). NFE2L2 was 
predicted to be activated in muscle obtained from broilers with high FE 
(Zhou et al., 2015) and in a proteomic investigation in breast muscle of 
broiler breeders (unpublished observations). Thus, the major objective 
of the present study was to determine mRNA expression of NFE2L2 
and KEAP1, as well as two antioxidant targets [glutathione peroxidase 
(GPx), and superoxide dismutase 1 (SOD1)] of NFE2L2, in breast muscle 
of broiler breeder males exhibiting a high or low FE phenotype. Breast 
muscle samples were obtained at ~8 wk of age from birds that had been 
individually phenotyped for FE between 6 and 7 wk of age. The high FE 
group had greater body weight gain but consumed the same amount of 
feed resulting in higher FE of 0.65 + 0.01 compared to 0.46 + 0.01 for 
the low FE group. Total RNA was extracted from breast muscle (n = 5 
per group) and mRNA expression determined by quantitative PCR. The 
results indicate that there was no difference (P > 0.1) in mRNA expres-
sion of NFE2L2 and GPx1, but mRNA expression of KEAP1 and SOD1 
was elevated (P< 0.05) in breast muscle of the high FE phenotype. With 
higher mRNA expression of KEAP1, it is possible that NFE2L2 activity 
may be more tightly regulated in breast However, effects on downstream 
antioxidant mRNA expression is not clear at this time. Due to the complex 
and transient nature of interaction of KEAP1 and other proteins (e.g. cul-
lin-3) with NFE2L2 to regulate its activity, further investigation is clearly 
warranted to delineate a role that NFE2L2 may play in coordinating an-
tioxidant expression in muscle in low and high feed efficiency broilers. 
Funding provided by USDA-NIFA (#2013-01953), Arkansas Biosciences 
Institute (Little Rock, AR) and the Arkansas Agricultural Experiment Sta-
tion (Univ. of Arkansas, Fayetteville).

Key Words: feed efficiency, broilers, gene expression, NFE2L2, KEAP1

P198 Immunophenotyping Avian Leukocytes in the Mucosal Tissues 
of the Head During Aging in the White Leghorn Madelyn Krunkosky*GS, 
Jaclyn Levin, Leticia Garza, Ebru Karpuzoglu-Belgin, Maricarmen Garcia, 
Robbie Williams, David Hurley, Robert Gogal University of Georgia
Birds have a very unique lymphoid system compared to mammals pos-
sessing multiple paired thymii in the neck and a B cell producing organ, 
the bursa, located near the vent. In addition, birds lack an established lym-
phatic system denoted by the absence of lymph nodes, but do have an 
elaborate mucosal immune network. Since many avian diseases target the 
mucosal surfaces, characterizing the type of immune cells that localize to 
these tissues as the birds age is noteworthy. Thus, the focus of this study 
was to enumerate the cellularity and phenotype of the chicken leukocytes 
of the conjunctiva-associated lymphoid tissue (CALT), Harderian gland 
(HG), nasal associated lymphoid tissue (NALT) and trachea in White Leg-
horn chickens between 4-10 weeks-of-age. Using tissue-specific enrich-
ment techniques, cell recovery, viability, immunophenotype and cytologic 
composition differed across the 4 tissues. The NALT and trachea cellular-
ity numerically increased with bird age whereas the CALT and Harderian 
gland had minimal to no change in cellularity. Viability was pretty consis-

tent for each tissue across time. The CALT had the highest total percentage 
of T and B cells with lymphocytes and monocytes being the predominant 
leukocytes in the cell suspensions of all 4 tissues. In summary, we were 
able to characterize and phenotype immune cells in the avian mucosal tis-
sues and show that they shift differentially during aging.

Key Words: leukocytes, immune, White Leghorn, CALT, Harderian 
gland, NALT, Trachea

P199 Differential gene expression of NaK-ATPase in the salt glands 
in 2 lines of Pekin ducks exposed to salt water Shelly Nolin*, Zachary 
Lowman North Carolina State University
Salt glands are specialized organs located in the nasal area of marine 
birds which secrete highly concentrated salt solution allowing the birds to 
maintain osmoregulatory balance when consuming salt water. Cells of the 
salt gland actively transport Na+ out of the cells via the sodium-potassium 
pump (ie, Na+K+-ATPase). To better characterize the molecular regulation 
of salt excretion, this trial quantifies the changes in expression of the genes 
coding for the Na+K+-ATPase A1α and A1β subunits (NaKα and NaK β), 
in Pekin ducks exposed to drinking water containing 1% salt at three time 
periods. To note potential differences due to genetic selection, one line 
selected for meat and the other for egg production were utilized. All ducks 
were raised together in the same pen until 14d of age, when they were 
randomly placed in to one of 3 treatment groups: no salt water controls 
(D0), or on salt for 24 hrs on d23-24 (D1), or 10 days d14-24 (D10). On 
day 24, all ducks were weighed, euthanized, and salt glands were col-
lected for RNA isolation. RNA was reverse transcribed to cDNA for use 
in real-time PCR and expression values were normalized to housekeeping 
gene GAPDH. All expression and body weight data was analyzed using 
ANOVA, and student’s T test features of JMP 10 (SAS, Cary NC) with 
significance threshold at p≤0.05. For both lines, significant differences in 
NaKα expression were observed with D0 > D1, but no differences were 
observed between either D0 or D1 with D10. An inverse expression pat-
tern was observed for NaK β, where D0 had the lowest expression levels, 
D1 highest, with D10 intermediate for both lines, with significant differ-
ences in the meat group in all three treatments, but only D1>D0 and D10, 
but D0=D10 in the egg line. There were no significant differences between 
lines in expression of NaKα, but NaKβ expression was significantly lower 
in the meat line compared to the egg line in the D10 group. These ex-
pression patterns correlate expectedly with salt acclimation. Additionally, 
while D10 birds had significantly lower body weight at day 24, no differ-
ence was observed between D0 and D1, illustrating how rapid correction 
of osmobalance can allow for short term salt consumption with no obvious 
reduction in growth and performance.

Key Words: Osmoregulation, Nasal Salt Glands, Pekin Duck, NaK-
ATPase, Gene Expression

P200 The male and female contribution to parthenogenesis-induce 
infertility in quail Katherine Lott*UG, A. J. Kawaoku, Holly Parker, Chris 
Mcdaniel Mississippi State University
Parthenogenesis (P), embryonic development in unfertilized eggs, reduces 
sperm-egg penetration (SEP) and fertility when quail are mated. However, 
it is unknown if the cock or hen is responsible for P-induced infertility. 
Therefore, the objective of this research was to determine which sex is 
responsible for the decrease in SEP due to P. Two genetically selected lines 
of Chinese painted quail were used in this study, one selected and one not 
selected for P, controls (C). A 2 x 2 factorial arrangement of hen and cock 
lines was utilized to create 4 breeding treatments: C hens with C cocks, C 
hens with P cocks, P hens with C cocks, and P hens with P cocks. Daily, 
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fresh eggs were collected, examined for albumen pH, and classified as 
fertile, infertile no development, or parthenogen. The perivitelline layer at 
the germinal disc was examined microscopically for SEP holes. No cock 
by hen line interactions were detected, but cock and hen main effects were 
significant (P <0.05). The number of SEP holes, the percentage of eggs 
containing any SEP, and fertility were lower for P males than C males. The 
percentage of eggs containing parthenogens was higher in P hens than C 
hens. This increase in parthenogens is likely why albumen pH was also 
lower for P hens as compared to C hens, because parthenogens yield lower 
pH values than infertile eggs without development. Also, P males yielded 
lower albumen pH values than C males. Confirming that eggs were cor-
rectly classified, the number of SEP holes and the percentage of eggs that 
contained any SEP were higher in eggs classified as fertile as compared 
to infertile or parthenogen. Furthermore, the percentage of eggs with any 
SEP was greater in eggs classified as infertile as compared to parthenogen. 
There were negative correlations across hen means for the incidence of P 
with SEP, fertility, and pH. However, fertility was positively correlated 
with SEP and pH. In conclusion, the male was responsible for the decrease 
in SEP and fertility in birds selected for P. Perhaps P males have poor se-
men quality resulting in an inadequate number of sperm reaching or bind-
ing to the perivitelline layer.

Key Words: Parthenogenesis, Fertility, Sperm-egg penetration, Albumen, 
pH

P201 Roles of the male and female quail in egg component alterations 
due to the parthenogenetic trait A. J. Kawaoku*UG, Katherine Lott, Holly 
Parker, Chris Mcdaniel Mississippi State University
Infertile eggs from Chinese painted quail exhibit parthenogenetic (P) em-
bryos. The 1st egg in a clutch is more likely to develop a P embryo com-
pared to subsequent eggs, and hens that produce P embryos have shorter 
clutches and higher egg weights than birds that do not exhibit P embryos. 
Larger egg sizes maybe a result of the egg residing longer in the oviduct, 
allowing more time for delayed P embryos to development at body tem-
perature. However, it is unknown which components of the egg are altered 
due to the P trait as well as the role of the hen or cock in this process. Thus, 
the objective of this study was to determine which sex contributes more 
to the alterations in the egg components due to the P trait. In this study, 2 
genetically selected lines of quail, one selected and one unselected for the 
P trait (C), were used. A 2x2 factorial arrangement of hen and cock lines 
was utilized to create 4 breeding treatments: C hens with C cocks, C hens 
with P cocks, P hens with C cocks and P hens with P cocks. Daily, eggs 
were collected, labeled, and weighed. The germinal disc of fresh eggs 
were observed for classification as fertile (F), infertile no development 
(I) or P. Weights of albumen, yolk and shell were individually obtained 
and used to calculate their percentage compared to total egg weight. No 
hen by cock line interactions were detected. However, a hen main effect 
(P<0.05) revealed higher egg, albumen, shell, and yolk weights as well as 
a higher ratio of albumen to yolk for hens selected for P as compared to C 
hens. However, the percentages of shell and yolk were higher for C than P 
hens. Interestingly, a cock main effect revealed that the percentage of albu-
men was lower for P than C cocks, most likely because P males exhibit 
poor fertility and I eggs had a lower weight and percentage of albumen as 
compared to F and P eggs. In conclusion, the female contributes the most 
to alterations in egg components due to the P trait. The increase in egg and 
egg component weights due to the P trait suggests that egg yolks from P 
hens are retained longer on the ovary and that transit through the magnum 
and uterus is delayed.

Key Words: Parthenogenesis, egg yolk, albumen, shell

P202 Investigating the potential to introduce Lactobacillus acidophilus 
and Bacillus subtillis to the broiler embryo through commercial in ovo 
technology Pedro Mota*UG, Melissa Triplett, David Peebles, Christopher 
Mcdaniel, Aaron Kiess Mississippi State University
Probiotics (live microbial supplements) can improve broiler performance 
and reduce associated pathogens. Because the hatchery is a source of broil-
er chick contamination, delivering probiotics to the chick before hatch is 
desirable. To date probiotic bacteria have been injected into hatching eggs, 
mostly by manual single egg injection. Therefore, the objective of this 
experiment was to inject different probiotic bacteria into broiler hatch-
ing eggs using commercial in ovo equipment and to evaluate subsequent 
hatchability of fertile eggs (HF). Two separate studies were conducted for 
this experiment using Lactobacillus acidophilus (L. acidophilus) or Bacil-
lus subtilis (B. subtillis). For each experiment, 7 treatments (no punch; 
dry punch; diluent punch; and 103 cfu, 104 cfu, 105 cfu, or 106 cfu/50 µl of 
diluent) were evaluated using 10 replicates per treatment. Initially, 2490 
eggs were obtained from a local breeder farm. Eggs were incubated under 
standard incubation conditions. On d 10, eggs were candled, and infertile 
eggs were removed. On d 18, all eggs were injected with the appropri-
ate treatment using a commercial in ovo injection system. Once all eggs 
were injected, they were transferred to hatching baskets and placed into 
the hatcher. On d 21, chicks were removed from the hatcher, counted and 
weighed. Hatch residue analysis was conducted to determine infertile, 
early dead, mid dead, late dead, pipped, cracked, contaminated, and cull 
statuses of unhatched eggs. The results indicated that injecting L. acidoph-
ilus, even at a concentration as high as 106 cfu/50 µl, did not impact hatch 
residue analysis (p>0.05). However, HF was significantly less for eggs 
treated with B. subtillis than for control eggs (p<0.0001). For the no punch 
controls, HF was 91%, but as the injected concentration of B. subtillis 
increased, the HF decreased to as low as 1.67% for the 105 cfu/50 µl treat-
ment. Late deads, pip, and contaminated egg percentages were higher, and 
chick BW was lower for the B. subtillis treatment groups in comparison to 
controls. In conclusion, L. acidophilus, but not B. subtillis, appears to be a 
suitable candidate for in ovo injection as a probiotic.

Key Words: Probiotics, Lactobacillus acidophilus, Bacillus subtillis, 
Commercial In Ovo Injection

P203 Effect of thermal manipulation during pre and post hatch on 
intestinal bacterial populations in male broilers challenged by chronic 
heat stress Gholamreza Zaboli1, Shaban Rahimi*1, Farid Shariatmadari1, 
Mohammad Amir Karimi Torshizi1, Ali Baghbanzadeh2 1Tarbiat Modares 
University; 2University of Tehran
Researches have recently focused on early thermal manipulation in order 
to mitigate heat stress in the long term. These studies have demonstrated 
that thermal manipulation during the pre and post hatch can induce reduc-
tion in body temperature and mortality. Therefore, the aim of the pres-
ent study was to determine the effects of thermal manipulation during pre 
and post hatch on intestinal bacterial populations. Six hundred fertile eggs 
were gathered from a local broiler breeder flock. The eggs were weighed 
and divided into 5 groups and 5 replication with similar mean weight and 
then randomly assigned to treatments as follow: 1- pre-hatch group that 
was incubated at 39.5°C and 65% RH for 12 h/d from d 8 till 18 of em-
bryogenesis, after that raised under normal conditions from 1 to 28 d and 
then exposed to chronic heat stress from 28 to 42 d(PR) in poultry house. 
2-Post hatch group was incubated under normal conditions and exposure 
to thermal manipulation (36-38 °C for 24 h at 3rd day of age), then expo-
sure to chronic heat stress from 28 to 42 d (PO3). 3-Post hatch group was 
incubated under normal conditions and exposure to thermal manipulation 
(36-38 °C for 24 h at 5th day of age), then exposure to chronic heat stress 
from 28 to 42 d (PO5). 4- Naive Control group was incubated and raised 
under normal conditions without exposure to any heat stress (NC) either 
in incubation or poultry house. 5- Challenged control group was incubat-
ed and raised under normal conditions to 28 d then exposure to chronic 
heat stress from 28 to 42 d (CC). At d 42, five birds in each group were 
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sampled for microbial counts (ileum and ceca) for enumeration of Lacto-
bacillus spp, total aerobes, Coliforms count. Results shown that thermal 
manipulation in pre or post hatch and chronic heat stress did not have any 
significant effects on Lactobacillus spp and total aerobes counts in ileal 
and ceca digesta (p > 0.05). Thermal manipulation and chronic heat stress 
caused an increase in coliforms counts both in ileum and ceca compare to 
NC. The present study showed that thermal manipulation and chronic heat 
stress increased coliforms count in ileum and ceca without any effects on 
Lactobacillus spp and total aerobes bacteria population.

Key Words: broiler, heat stress, intestine bacteria

P204 Comparative effects of in ovo versus subcutaneous vaccination 
and pre-placement holding time on scanning electron micrograph and 
histomorphometric measurements of small intestinal villus length and 
villus/crypt ratios in broiler chickens Edgar Peebles*1, Floyd Wilson1, 
Taylor Barbosa2, Timothy Cummings2, John Dickson2, Sharon Womack1 
1Mississippi State University; 2Zoetis
Effects of the in ovo (io) or subcutaneous (sc) vaccination of HVT vac-
cine (trt) and 4 and 18 h pre-placement holding times (pht) on the small 
intestine microanatomy of male broilers were investigated. Aviagen 708 
broiler hatching eggs (3,900) were either io-vaccinated at 18 d of incuba-
tion or chicks from eggs that were not io-vaccinated were sc-vaccinated at 
hatch. The io injections (50 µL) were delivered by a commercial multi-egg 
injector and sc injections (0.2 mL) were delivered by an automatic pneu-
matic sc injector. The pht were imposed on chicks after vaccination. At 0, 

4, and 18 h posthatch (poh), the BW of 15 chicks in each trt group was 
determined. Three scanning electron micrograph (SEM) measurements of 
mean villus length in the intestinal samples from 2 birds from each trt 
group were evaluated. Histomorphometric measurements were also taken 
of mean intestinal villus to crypt length (VCLR) and area (VCAR) ratios 
of 15 intestinal sections from each of 2 birds per trt at 0 and 168 h and 1 
bird per trt at 4 and 18 h poh. In a split-plot experimental design, there 
were no main or interactive effects due to chick age or trt on chick BW or 
villus height as determined by SEM. However, chick age (P < 0.0001) and 
trt (P < 0.001) were observed to affect VCLR, and chick age and trt had 
an interactive effect (P < 0.02) on VCAR. Using a 2 x 2 factorial experi-
mental design at 168 h poh, there were no main or interactive effects of 
pht and trt on VCAR. However, pht and trt exhibited an interactive effect 
(P < 0.01) on VCLR. Mean VCLR was lower at 168 h in comparison to 
all earlier age periods, and across age was lower in the io than in the sc 
trt. Similarly, at 4 h pht, VCAR was lower in the io than in the sc trt. In 
chicks that were held for 18 h, VCLR at 168 h poh was lower in those 
that received io rather than sc trt; and in those given sc trt, VCLR at 168 h 
poh was higher when they were held for 18 rather than 4 h. In conclusion, 
VCLR was reduced by 168 h poh, and in comparison to sc vaccination, io 
vaccination reduced VCLR and VCAR. Nevertheless, these noted effects 
on the villus to crypt ratios had no subsequent adverse effects on broiler 
chick quality, growth performance, or processing yield, as demonstrated 
in other companion reports.

Key Words: broiler, holding time, in ovo vaccination, intestinal 
histomorphometrics, subcutaneous vaccination

Processing & Products
P205 Corticosterone-induced changes in the expression of proteins 
and mRNAs in the magnum of laying hens Jimin Kim*, Yang-Ho Choi 
Gyeongsang National University Institute of Agriculture and Life Sciences
Environmental stress can affect egg production and quality in laying hens 
and cause differential abundance in egg white proteins, implying stress-
associated changes in gene and protein expression in the oviduct in laying 
hens. The objective of the current study was to investigate the effects of 
dietary corticosterone as a stress model on the expression of proteins and 
mRNAs in the magnum of laying hens. After a 14-day adaptation, 40 lay-
ing hens were divided into two groups and provided for the next 14 days 
with either control (CON)- or corticosterone (CORT)-containing diet at 30 
mg/kg. At the end of the experiment, the magnum was collected from both 
groups of the hens and was tested for the differential expression of pro-
teins using two dimensional electrophoresis with MALDI-TOF/TOF-MS/
MS and of mRNA using real-time quantitative PCR. Remarkable changes 
were observed in the morphology of the oviduct in CORT-treated hens. In 
accordance with the changes, CORT resulted in differential expression of 
proteins and mRNA in the magnum. These proteins and mRNA, which 
were significantly changed at P≤0.05 by CORT compared with those 
by CON, were classified into 9 types of biological processes: 1) 11 cy-
toskeleton organization proteins, 2) 2 proteases, 3) 5 protease inhibitors, 
4) 9 transport proteins, 5) 2 DNA-associated proteins, 6) 8 enzymes, 7) 5 
stress-associated proteins and chaperones, and 8) 3 immunity-associated 
proteins. In conclusion, CORT modulates the expression of proteins and 
mRNAs in the magnum of laying hens, suggesting that environmental 
stress can affect protein and gene expression in the magnum of laying 
hens. 

Key Words: stress, magnum, proteins, mRNAs, differential expression

P206 The impact of drying time on detection of yolk and albumen 
solids Alexander Williamson*UG, John Carey Texas A&M University
The objective of these experiments was to examine the impact of drying 
time on the measurement of solids in egg yolk and the albumen. 

In the first experiment, 22 fresh eggs were broken and yolk (with vitelline 
membrane) and albumen pools were collected. The yolks were subjected 
to 30 seconds of blending kitchen blender prior to analysis. The albumens 
were gently stirred prior to analysis. Disposable foil pans (10 per com-
ponent/treatment combination) were then weighed and 5ml of yolk was 
pipetted into one set of pans and 10 ml of albumen was pipetted into a 
second set of pans. All pans were weighed to the nearest 0.001 g prior to 
placement in drying ovens at 100 C. For experiment 1, drying times tested 
were 16, 20, 24, 28 and 32 h. The second experiment utilized egg com-
ponent pools collected in the same manner as described for experiment 
1. Drying times for yolk were 24, 28, 32, 36, 40, 44 and 48 h and drying 
times for albumin were 24, 32, 40, and 48 h.

The results for experiment 1 yolk solids determination revealed that the 
solids detected in the samples decreased throughout the 32 h of drying 
with no apparent end point. Solids measured at 16 h of drying was signifi-
cantly greater than at 24, 28 or 32 h. Solids detection for albumen reached 
a minimum at 24 h, which was significantly lower than 16, 20 and 32 h. In 
experiment two, both yolk and albumin solids were lowest after 40 hours 
of drying. Yolk solids were significantly lower at 40 and 48 h compared to 
24, 32 and 36 h. Albumen solids were significantly lower at 40 h compared 
to 24 h.

The results of these experiments indicate that the common method of dry-
ing yolk or albumin samples for 24 hours may not truly reflect the solids 
content of the components.

Key Words: Yolk Solids, Albumen solids, Drying Time

P207 Triclosan in Campy-Cefex Agar to aid in Enumeration of 
Naturally Occurring Campylobacter spp. in Broiler Ceca Camille 
Dent*UG, Mark Berrang, Eric Adams, Richard Meinersmann USDA-
Agricultural Research Service
Detecting and enumerating Campylobacter from poultry samples can be 
difficult without highly selective media because of competing microflora. 
We have found that adding 0.1 µg/ mL of Triclosan, an antibacterial agent, 
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to Bolton enrichment broth prevents overgrowth of non-Campylobacter 
bacteria and significantly improves detection in broiler carcass rinse sam-
ples. The objective of the current study was to test addition of Triclosan to 
solid plating media as a means to hold down background microflora during 
direct plating of cecal samples, making it easier to see and count Campylo-
bacter colonies during enumeration as opposed to enrichment. Campy ce-
fex agar was prepared with and without addition of Triclosan (TCCA and 
CCA). In eight replications, five or ten sets of fresh ceca were collected 
from the evisceration line in a commercial broiler processing plant. Ceca 
(N=75) were smashed to expose contents, diluted 3:1 by weight, mixed, 
and serial dilutions were direct plated onto TCCA and CCA. All plates 
were incubated at 42oC for 48 h under micro-aerobic conditions. Charac-
teristic Campylobacter colonies were counted and confirmed as thermo-
philic Campylobacter by phase contrast microscopy and a latex aggluti-
nation test kit. We found that Campylobacter colonies were easier to see 
and count on TCCA than on CCA. However, there was no difference in 
the number of Campylobacter counted. A mean of 4.4 log Campylobacter 
per mL of diluted cecal contents were detected on both TCCA and plain 
CCA. Although the addition of Triclosan to an enrichment broth is helpful 
in detection of Campylobacter, adding Triclosan to a solid medium did not 
improve enumeration of Campylobacter when direct plated. 

Key Words: Campylobacter, plating media, triclosan

P208 Salmonella detection from chicken rinsate with surface enhanced 
Raman spectroscopy and RT-PCR validation Matthew Eady*GS1, 
Bosoon Park1, Gayatri Setia2 1USDA-ARS; 2Stony Brook University
Optical detection of bacteria has been approached in recent years as a 
bacteria detection method that can counter time restraints of traditional 
plating or the high reoccurring cost of real-time polymerase chain reaction 
(RT-PCR). The goal of optical detection is to identify bacteria with spec-
tral signatures unique to the organisms. The objective of this research is to 
develop a detection method with surface enhanced Raman spectroscopy 
(SERS) to classify bacterial colonies recovered from chicken rinsates as 
either Salmonella positive or negative, while comparing results to RT-
PCR. The SERS spectra were enhanced by the nanosubstrate consisting of 
biopolymer encapsulated AgNO3. Bacterial colonies from chicken rinsates 
were grown on Brilliant green with sulfapyridine (BGS) agar. Individual 
colonies (n = 69) were sampled by PCR, while preparing bacterial suspen-
sions to air dry onto slides with a dried layer of the nanoparticle substrate. 
Particle size data were collected over six months to assess the stability 
of the nanoparticle substrate, and found a mean size of 43.32 nm with 
a mean variation of ± 2.67 nm over 14 measurements. Ten spectra from 
each sample were collected between 301 – 1800 cm-1. Spectral peaks from 
the SERS Rayleigh light scattering of both Salmonella positive (n = 410) 
and negative samples (n = 280) were identified, and then labeled as cor-
responding cellular components. T-tests were used to determine if peaks 
were significantly different between positive and negative samples, with 
five peaks determined to be significantly different at p < 0.0045, with Bon-
ferroni’s correction factor. A support vector machine (SVM) algorithm 
was applied to classify the samples as either Salmonella positive or nega-
tive. The algorithm used a radial-basis function kernel, with classification 
accuracies of 98.05% for Salmonella positives and 94.64% for Salmonella 
negatives, using the RT-PCR results as the true classification. It was deter-
mined that structural components of tyrosine (692 cm-1), glycosidic ring/
adenine/CH2 rocking (718 cm-1), a previously observed, but unidentified 
peak (791 cm-1), structural components of membrane phospholipids (859 
cm-1), and lipid components from the cell wall (1,018 cm-1) were impact-
ing the classification of samples.

Key Words: Salmonella, Raman, SERS, Nanoparticle, RT-PCR

P209 Treatment with PoultrypHresh to lower Campylobacter counts 
on broiler parts Melissa Landrum*GS1, Nelson Cox2, Douglas Cosby2, 
Mark Berrang2, Scott Russell1 1University of Georgia; 2U.S. National 
Poultry Research Center
New regulations and performance standards for Campylobacter have 
been implemented by the Food Safety and Inspection Service (FSIS). The 
objective of this study was to evaluate treatment with PoultrypHresh® to 
lower levels of Campylobacter thereby enabling companies to meet reg-
ulatory requirements. Two experiments, each with two replicates, were 
conducted. In experiment 1, skin-on split chicken breasts (n=30) were ob-
tained from a local grocery (on separate days for replications 1 and 2) and 
divided into groups of 10. The skin surface of each individual part was 
inoculated with 0.1 mL of a gentamicin resistant C. coli (CCGR) marker 
strain (approximately108 cfu/mL) in an area of approximately 6.5 cm2. 
CCGR cells were allowed to attach for 5 m to the skin prior to treatment. 
Ten inoculated breasts were placed into individual 6 L plastic storage 
boxes containing 3.5 L deionized water and 10 into an equal amount of 
PoultrypHresh solution at a pH of 1.4 and subjected to agitation (bubbled 
air) for 25 s. After treatment, each part was removed, allowed to drain for 
5 s, and placed into a freezer bag prior to mechanical rinsing with 150 mL 
of BPW for 60 s. Ten inoculated breasts served as negative controls. In 
experiment 2, skin-on thighs were used with the same conditions as stated 
for experiment 1. Rinsates were collected from each chicken part, samples 
were serially diluted and plated onto Campy Cefex agar plates. All plates 
were incubated microaerobically for 48 h at 42°C, colonies were counted 
and the cfu/mL converted to log values. The use of PoultrypHresh on split 
breast produced a 99.6% reduction compared to untreated, while thighs 
showed a 99.4% reduction. This study demonstrated an approximate 3 log 
reduction (p<0.05) using a 25 s air agitation treatment in PoultrypHresh at 
pH 1.4, which will help enable processors meet FSIS regulations.

Key Words: Campylobacter, broiler parts, PoultrypHresh, secondary 
processing

P210 Antimicrobial efficacy of acidified lactic acid, propionic acid, 
and lauric arginate against Salmonella in ground chicken frames 
Alisha Moore*GS, Chander Sharma Mississippi State University
In this study, the efficacy of three antimicrobials (acidified lactic acid, 
propionic acid, and lauric arginate; LAE) was evaluated in reducing Sal-
monella in ground chicken frames. Fresh chicken frames were inoculated 
with Nalidixic Acid resistant Salmonella Heidelberg to achieve a 3- log 
CFU/g recovery level in the ground product. S. Heidelberg inoculated 
chicken frames were dip treated in 1.5% acidified lactic acid, 0.3% pro-
pionic acid, and 0.1% LAE solutions for 10 seconds. Inoculated frames 
dipped in sterile DI water were used as control. After treatment, frames 
were blended, using a separate sterile blender top for each frame, to obtain 
a ground product similar to mechanically separated chicken. Three chick-
en frames were used per treatment. Final ground product was weighed in 
25-g sample size and stored at 4º C for 24 hours. Microbiological analysis 
for Salmonella counts in control and treatments was performed after 2 h 
and 24 h of storage. Duplicate samples per treatment were analyzed after 
2 h (d 0) and 24 h (d 1) and the experiment was replicated three times. 
Lauric arginate treatment reduced Salmonella counts by 1 log CFU/g (P 
≤ 0.05) in ground meat as compared to control on d 0 whereas on d 1 
all three treatments (1.5% acidified lactic acid, 0.3% propionic acid, and 
0.1% LAE) resulted in at least 1 log CFU/g reduction of S. Heidelberg (P 
≤ 0.05). There was no significant difference among the treatments in their 
ability to reduce Salmonella. The results from this study suggest that the 
antimicrobials tested in this study were effective in reducing Salmonella 
on ground chicken frames.

Key Words: Salmonella, Lauric arginate, Acidified lactic acid, Propionic 
acid, chicken frames
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P211 The relationship between instrumental compression forces and 
meat quality traits of woody breast fillets during short-term storage 
Sun Xiao*GS1, Casey Owens2 1Nanjing University; 2University of Arkansas
Woody breast is characterized by a distinct hardness of raw fillets and 
the degree of hardness decreased over time. This study was conducted 
to determine the relationship between compression forces (hardness) and 
other meat quality traits of woody breast fillets during short term storage. 
In experiment 1, right part fillets (n=121) were collected from broilers 
processed at 8wk 2h debone and categorized in normal (NORM, n=42), 
moderate (MOD, n=39) and severe (SEV, n=40). Fillets were compressed 
to 20% of the fillet height 3 times on different cranial region using a 6mm 
flat probe on a Texture Analyzer (Texture Technologies, Inc.) at d 0, 1, 
2, 3, 4 and 8 and mean force of each sample was recorded. Weight of all 
breast fillets were measured on each compression day to calculate the drip 
loss. In experiment 2, all samples from left part fillets (n=121) were cut 
for measuring sarcomere length (SL) and gravimetric fragmentation index 
(GFI). All cutting samples were keep in 4°C walk-in cooler until d 1, 3 
and 8, then put them in -80°C for SL and GFI. In experiment 1, compres-
sion forces, d 0 weight, total drip loss increased as categorizes of woody 
breast increased (P<0.05, NORM<MOD<SEV). Compression forces sig-
nificantly decreased in all categories from d 0 to d 2 (P<0.05) and then 
gradually declined through d 8 with significant difference between d 3 
and d 8 (P<0.05) Drip loss was significantly higher in SEV fillets than 
MOD or NORM which were similar after d 1 of storage. Fillets in all 
categories continued to lose moisture over the 8 d of storage and overall 
SEV>MOD>NORM for drip loss (P<0.05). The SL and GFI increased as 
severity of woody breast increased (SEV>MOD>NORM; P<0.05). The 
SL decreased in fillets from d 1 to d 8 in all categories (P<0.05) The GFI 
of all categories decreased (P<0.05) from d1 to d 3 storage and no dif-
ferences between d 3 and d 8 storage (P>0.05). The results of this study 
indicate that increased severity of woody breast fillets is associated with 
higher compression forces, drip loss, SL and GFI, and that meat becomes 
softer during storage though differences in hardness still exist between 
categories.

Key Words: woody breast, broiler, meat quality, hardness

P212 Comparison of indicator microbial populations occurring 
during multiple stages of commercial poultry carcass processing by 
conventional plating method and next generation sequencing Steven 
Ricke*, Jennifer Wages, John Handley, Si Hong Park University of Arkansas
The commercial processing of poultry for the production of food is a com-
plex process that requires an extensive network of equipment, automa-
tion and process oversight in order to remain efficient and cost effective. 
The industry employs many policies and procedures in order to maintain 
production efficiencies and produce a quality, safe and wholesome prod-
uct. A typical processing system will utilize a multi-hurdle approach to 
intervention systems so that any microorganisms present be eliminated or 
reduced by the time the carcasses has been processed into its final product. 
Each hurdle will typically target a specific aspect of the processing system 
while also work to reduce the microbial load present on the surface and 
eviscerated cavity of the bird. Intervention efficacies are often determined 
by enumerating indicator microorganisms which provide a general evalu-
ation of the processing stage and its resulting product. When aerobic plate 
counts (APC) from samples collected at multiple stages within three poul-
try processing facilities were determined, mean APC levels at the post 
chill location were 0.10, 0.90, and 0.92 log10 cfu/ml (establishments A, B, 
and C, respectively). In comparison, mean APC levels after picking were 
5.42, 4.74, and 5.57 log10 cfu/ml (establishments A, B, and C, respective-
ly). The microorganism count levels are typical of a commercial poultry 
processing facility, although interestingly, those carcasses with the lowest 
APC levels at post picking were not the carcasses with the lowest APC 
levels at post chill. While the determination of the APC levels of these 
samples can be informative for the processor, the use of next generation 
sequencing can enhance these evaluations by providing a more robust, 

exhaustive identification and measurement of the microbiome. Based on 
the sequencing data analysis, each sample in the processing plant exhib-
ited different microbial populations among different sampling stages but 
clustered each other within same sampling stages regardless of establish-
ments. This information could provide an opportunity to identify unique 
indicator organisms so that more precise evaluations of processing aids 
could be performed, as well as facilitate a higher level of understanding of 
the microbial community on poultry carcasses.

Key Words: Poultry, Processing, Microbiome, Genomics, 
Microorganisms

P213 Campylobacter in clocal swabs and water supply samples from 
broiler slaughter assessed by direct count on mCCDA and Campy-
Cefex agar. Anderlise Borsoi*1, Camila Gonsalves2, Caroline Hiller2, 
Gustavo Perdoncini2, Vladimir Nascimento2 1Tuiuti University of Paraná, 
Brazil; 2Federal University of Rio Grande do Sul
Campylobacter (C.) bacteria are a major cause of foodborne illness in 
humans and are the most common gastroenteritis-causing bacteria in the 
world. Chicken meat was implicated as the main source of contamination. 
During the poultry slaughtering process, carcass contamination can occur 
by bacterial loads present in the poultry’s gastrointestinal tract, bacterial 
loads present in skin and feathers and due the initial flock contamination. 
Hygienic and sanitary conditions during both the slaughtering process and 
carcass conservation can influence the presence and level of Campylo-
bater in the final product. The aim of this study was to evaluate the USDA, 
protocol MLG 41.02, methodology for the isolation, identification and di-
rect plate counting of C. jejuni and C. coli samples from the broiler slaugh-
tering process. A plating method using both mCCDA and Campy-Cefex 
was performed. Cloacal swabs and direct supply water samples were col-
lected each week for four weeks at a slaughterhouse located in southern 
Brazil. To cloacal swabs 100% of the samples were positive in both agar. 
Otherwise to water supply sample a high frequency of Campylobacter 
on Campy-Cefex (100% positive) agar was showed when compared to 
mCCDA agar (50% positive). No statistical difference was found on cells 
numbers recovered comparing both agars. The cells count on Campy-Ce-
fex were 1.3 x 103 cfu/ml to cloacal swabs and 7.3 x 101 cfu/ml to water 
samples. On mCCDA agar the counts were 9.5 x 102 cfu/ml to cloacal 
swabs and 7.7 x 100 cfu/ml to water samples. We identified by multiplex 
PCR 50% of the samples as C. jejuni and 50 % as C. coli to water supply 
and cloacal swabs samples. These results suggest that the direct counting 
methods with both agars on different matrices on slaughterhouses can be 
used as monitoring tool to quantify the Campylobacter presence.

Key Words: Campylobacter, Agar plate count, broiler slaughter, Campy-
Cefex, mCCDA

P214 Effect of short term freezer storage on hardness of woody 
breast fillets Sun Xiao*1, Casey Owens2 1Nanjing Agricultural University; 
2University of Arkansas
Woody breast which is characterized by a distinct hardness of the breast 
fillets with different severity categories has been a major quality issue in 
the poultry industry since last decade. This study was conducted to de-
termine the difference of compression force (hardness) changing during 
short-term storage between fresh (4°C) and frozen (-20°C) fillets. Whole 
butterfly breast fillets scored in 3 woody categories (NORM, n=26; MOD, 
n=22; SEV, n=26) were collected from 6wk old broilers deboned at 24h 
postmortem. The right fillets were subjected to compression test on d 0 
(processing day), 1, 2, 3, 4 and 8 using a 6mm flat probe on a Texture 
Analyzer (Texture Technologies, Inc.), whereas the left part fillets were 
vacuum packed and frozen for 2wk. All frozen fillets were thawed over-
night in a 4°C walk-in cooler and compression force was measured on the 
same storage days. Compression forces increased as severity of woody 
breast increased (P<0.05) respectively throughout storage. In fresh stor-
age group, compression forces decreased greatly (P<0.05) between d 0 
and d 1 at all three degrees of woody breast fillets, whereas no significant 
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change (P>0.05) after d 1 storage. In frozen storage group, compression 
force declined slightly over time though the greatest significant change oc-
curred in early storage (0 to 3 d). In the SEV fillets, force decreased from 
4 to 8 d (P<0.05). In NORM fillets, compression force of fresh storage 
fillets was greater (P<0.05) than frozen storage breast fillets on d 0 though 
no difference (P>0.05) in compression force was observed after d 0 stor-
age between fresh and frozen storage fillets. In MOD woody category, 
compression value of fillets were significant different between two storage 
methods from d 0 to d 2. In SEV woody category, compression value of 
fresh storage fillets were greater (P<0.05) than frozen ones at d 0, 1, 2, and 
3, after d 3 compression force was no difference (P>0.05) between two 
different storage methods. The result indicate that frozen storage fillets 
related to a lower hardness compared to the fresh breast.

Key Words: woody breast, freezing, broiler, hardness, quality

P215 Model response surface regression for predicting yolk colors 
Elisa Ponsano*, Lígia Sandesky, Manoel Garcia-Neto Unesp Univ Estadual 
Paulista
Three experiments involving 216 laying hens (Dekalbe) were conducted 
to define the amounts of yellow and red xanthophylls in diets necessary to 
provide the desirable color for egg yolks. Additionally, the effects of the 
pigments on the hens and eggs weights were assessed. Each experiment 
lasted for 30 d, replacing maize, sorghum or wheat to serve as the main 
energy source in the basal diet. Pigments evaluated were the yellow xan-
thophylls both from the energy sources and the synthetic additive (lutein 
+ zeaxantin 40%) and the red synthetic additive (canthaxantin 10%). The 
experiments were combined resulting in 8 levels of yellow xanthophylls 
(0, 0.25, 0.5, 1.0, 1.25, 1.5, 1.75 and 2.0 mg/hen/d) and 3 levels of red 
xanthophylls (0, 0.35, 0.7 mg/hen/d). Eggs were weighted daily and the 
hens were weighted at the beginning and at the end of the experiments. 
Roche yolk colors (RYC) were assessed daily and, at the last day of the 
experiment, the preference for the RYC was evaluated with a 5 points 
hedonic scale. ANOVA showed no effects of the kinds/amounts of the 
xanthophylls on the weights of hens (P=1.00) and eggs (P=0.07). The ex-
perimental data on RYC analyzed by response surface regression (PROC 
RSREG) showed a significant interaction between the amounts of yellow 
(Y) and red (R) xanthophylls (P<0.0001) and provided a fitted quadratic 
response model expressed as RYC = 1.23 + 31.91 R + 5.30 Y – 20.56 
R2 – 5.25 RY – 0.97 Y2 (R2 = 95.43%). The response surface also showed 
that if the energy source ingredient contains no yellow pigment, i.e. the 
wheat based diet, the maximum red xanthophyll tested (0.7 mg/hen/d) is 
necessary to provide the highest RYC attained (14.20). On the other hand, 
if the energy source provides some yellow xanthophylls (corn, sorghum), 
yellow and red pigments may be matched to provide the same maximum 
RYC, such as 1.0 mg Y/hen/d + 0.35 mg R/hen/d. Thus, combinations of 
xanthophylls above these values result in the waste of the pigments and, 
consequently, of money. The sensory analysis indicated that the preferred 
colors for the local consumer were reached with 2.0 mg Y/hen/d when 
maize (RYC = 9), sorghum (RYC = 6) or wheat (RYC = 8) were used as 
the energy sources. As the preference for the yolk color depends on the 
consumer market, the desirable color for each one may be attained by 
matching appropriate amounts of yellow and red pigments in the hens´ 
diets, so avoiding unnecessary costs for egg producers.

Key Words: maize, sorghum, wheat, lutein, canthaxanthin

P216 Impact of succinate on growth of cultures of cecal bacteria from 
commercial broilers Arthur Hinton Jr*, Kimberly Ingram U. S. National 
Poultry Research Center
Beneficial bacteria in probiotics produce and utilize several organic acids 
that may play a role in the ability of these bacteria to inhibit colonization 
of poultry by enteropathogens. Since cecal contents of adult poultry con-
tain many of these beneficial bacteria, 3 experiments were conducted to 
examine the effect of succinate on the growth of bacterial cultures from 
cecal contents of commercial broilers. Three sets of ceca were taken from 

the processing line of a local poultry processing facility. Cecal contents 
were combined and mixed with 10 ml of sterile distilled water to produce 
a cecal slurry. Media containing (g/l) tryptose, 10.0; yeast extract, 5.0; 
sodium chloride, 5.0; beef extract, 2.0; and glucose, 2.0 was prepared and 
supplemented with 0, 50, 100, or 150 mM of sodium succinate. The media 
was inoculated with 0.1 ml of the cecal slurry and incubated aerobically at 
37oC for 48 h. After incubation, aerobic and anaerobic bacteria in the ce-
cal cultures were enumerated on agar media composed of the broth media 
ingredients, the same succinate concentration in which the cultures had 
been grown, and 1.5% Bacto agar. Inoculated agar plates were incubated 
aerobically or anaerobically at 37C for 48 h, colony-forming-units were 
counted, and isolated colonies were selected for identification with the Bi-
olog Bacterial Identification System. Results indicated that succinate con-
centration of the media produced no significant difference in the number 
of aerobic or anaerobic bacteria recovered from the cecal cultures. Biolog 
identification indicated that there were differences in the bacterial flora of 
the cecal cultures from the 3 experiments and that the different incubation 
atmospheres selected for different cecal bacteria though the cultures had 
been incubated aerobically. Escherichia coli was the only aerobic isolate 
recovered in all trials, while Lactobacillus spp. were the most prevalent 
anaerobic isolates. Findings indicate that growing cecal cultures in media 
supplemented with succinate may not enhance the growth of beneficial 
bacteria. The addition of other supplements may be required to produce a 
medium that will support the growth of beneficial cecal bacteria required 
to formulate effective probiotic cultures.

Key Words: broilers, cecal bacteria, succinate, aerobes, anaerobes

P217 Testing temperatures for the production of powdered egg 
products Thiago Grassi, Elisa Ponsano* Unesp Univ Estadual Paulista
Spray drying technology is widely used to produce powdered eggs, com-
monly used nowadays in food industries due to advantages like ease for 
transportation, handling and stocking, besides the advantageous microbio-
logical grade. Nevertheless, to ensure the quality of food prepared with the 
powdered products, the drying process should preserve the composition, 
sensory and functional properties of the eggs. The purpose of this study 
was to evaluate the effects of the temperature used for spray drying eggs 
on the moisture content and the color of the powdered products (white 
and yolk) and on the process yield. Whites and yolks from retail eggs 
were diluted in distilled water and spray dried at 90 °C, 120 °C e 150 °C 
(5 replicates). Drying yield was measured as the ratio between whites or 
yolks used and the respective powdered products; moisture was measured 
at 105 °C; Lab color was measured with a portable colorimeter and the 
color difference distinguishable for the human eyes was calculated as ΔE 
= √ (ΔL2) + (Δa2) + (Δb2). The higher moisture of the powdered whites 
and yolks obtained at 90 ºC were probably responsible for the lower yields 
found for the same temperature due to the adherence of the powders to 
the dryer chamber, so hindering the powder recuperation. Lightness was 
lower and yellowness was higher on the egg products dried at 150 °C, 
probably due to Maillard reaction. More than damaging the color of the 
egg products, Maillard reaction may influence the nutritional properties by 
reducing essential amino acids availability and proteins digestibility. ΔE 
at 150 °C was considered “easily distinguishable” for the powdered yolks 
and “distinguishable” for the powdered whites. That means that the higher 
temperature used for the eggs spray drying may cause color changes per-
ceptible by the consumer and so cause rejection at purchasing. So, it was 
concluded that the highest temperature used for the eggs spray drying in-
fluenced the moisture content and provided the highest yield but caused 
noticeable changes in white and yolk powders colors.

Key Words: spray drying, egg yolk, egg white, color, yield
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P218 Artemisia annua enhances tissue tocopherol status and meat 
lipid stability in broiler chickens Arun Panda1, Gita Cherian*2 1Project 
Directorate on Poultry, India; 2Oregon State University
Growing consumer concern about the use of synthetic feed additives, there 
is elevated interest in using phytogenic compounds in poultry feeds. The 
effect of Artemisia annua (A. annua) in broiler diets on tissue tocopherols, 
lipid oxidation products, serum triglycerides and non-esterified fatty acids 
were determined. It is hypothesized that dietary A. annua will enhance 
tocopherols and will reduce lipid oxidation products in chicken meat. 
Broiler chicks (n=52) were fed corn-soy diets containing 0 (Control) or 
2% dried A. annua leaves (ART). Dietary ART led to increase in γ-, α- and 
total tocopherols in muscle and liver (P<0.0001). A 3 and 4-fold increase 
in γ-, α- tocopherol compared to Control was found in breast muscle of 
chickens fed ART (P<0.001). No increase in α- tocopherol was found in 
serum. However, γ-tocopherol increased in the serum of chicken fed ART 
(P<0.001). Lipid oxidation products measured as thiobarbituric acid reac-
tive substances, were lower in the muscle and serum of birds fed ART than 
Control (P<0.0001). Serum triglycerides and non-esterified fatty acids 
were lower in birds fed ART (P<0.001). No difference was found in total 
fat, saturated or polyunsaturated fatty acid content of liver and muscle 
(P>0.05). No difference was observed in body weight, relative weight of 
liver, heart, spleen, and bursa. A. annua may prove useful as a natural 
phytogenic feed additive with antioxidant potential that could be incorpo-
rated into poultry diets and such meat could serve as an alternate route for 
providing vitamin E in human diets.

Key Words: Artemisia annua, Broiler, Meat, Tocopherol, Thiobarbituric 
acid reactive substances

P219 Texture analyses of cooked broiler breast fillets with different 
degree of white striping Gabriela Sanchez Brambila, Debolina Chatterjee*, 
Brian Bowker, Hong Zhuang USDA-ARS
The white striping condition (WSC) in broiler breast fillets (Pectoralis 
major) is the presence of white striated tissue on the ventral side of the 
muscle. This condition negatively affects the appearance of skinless re-
tail fresh chicken products and consumer buying decisions. However, no 
sensory texture analyses of cooked WSC broiler breast fillets have been 
reported. The objective of this study was to investigate the effects of WSC 
on sensory as well as instrumental texture properties of cooked broiler 
breast fillets. Over three trial days, breast fillets representing different 
degrees of WSC (normal - broiler breast with no striping, moderate, or 
severe) were collected from the deboning line of a commercial broiler 
processing plant. Fourteen breast fillets from each WSC category were 
subjected to sensory analyses and instrumental texture evaluation. Sen-
sory evaluation was performed by a 7 member panel trained to evaluate 
texture attributes (cohesiveness, hardness, juiciness, rate of breakdown, 
and chewiness) of cooked samples using 0-15 line scale from low to high 
in intensity. Instrumental texture measurements, including both texture 
profile analysis (TPA) and Warner-Bratzler shear, were performed. The 
results of the sensory evaluation showed that the fillets with severe WSC 
had significantly (P < 0.05) higher intensity scores in cohesiveness (6.87), 
hardness (6.69), and chewiness (5.40), compared to samples with normal 
or moderate WSC. TPA results showed significantly (P < 0.05) higher 
values of hardness (6.72) and chewiness (0.91), in the breast fillets with 
severe WSC. These results suggest that severe WSC may increase sensory 
intensities of cohesiveness, hardness and chewiness, and result in higher 
average values of TPA hardness and TPA chewiness.

Key Words: White striping, Texture, Sensory, Hardness, breast fillet

Pathology
P220 Comparison of 3M Molecular Detection Assay (MDA) 
Salmonella and ANSR Salmonella methods with the FDA 
Bacteriological Analytical Manual (BAM) method for rapid detection 
of Salmonella from egg products Lijun Hu1, Li Ma2, Shimin Zheng3, 
Hua Wang1, Eric Brown1, Thomas Hammack1, Guodong Zhang*1 1U.S. 
Food and Drug Administration; 2Oklahoma State University; 3Northeast 
Agricultural University
Loop-mediated isothermal amplification (LAMP) is a novel simple de-
tection technology that amplifies DNA with high speed, efficiency, and 
specificity under isothermal conditions. The objective of this study was 
to evaluate the performance of 3M Molecular Detection Assay (MDA) 
Salmonella and ANSR Salmonella methods for detecting Salmonella from 
egg products in comparison with Food and Drug Administration (FDA) 
Bacteriological Analytical Manual (BAM) culture method. Two Salmo-
nella ser. Enteritidis (18579, PT4, Poultry; CDC_2010K_1441, PT8, Egg 
outbreak USA 2010), one Salmonella ser. Heidelberg (607310-1), and one 
Salmonella ser. Typhimurium (0723, Chicken) isolates were used in this 
study. Eight egg products (liquid whole egg, liquid egg yolk, liquid egg 
white, egg nog, egg custard cake, egg custard, deviled egg halves, and egg 
salad) were inoculated with these strains at 1-5 CFU/25g. Lactose broth 
(LB) and Buffered Peptone Water (BPW) were used as preenrichment 
broths, and the rest of the sample preparations followed FDA BAM pro-
cedures. With BPW as preenrichment broth, 3M and ANSR LAMP assays 
produced the exact same results as the culture method. With LB as preen-
richment broth, number of Salmonella positive samples among a total of 
32 tested by culture method, 3M MDA and ANSR LAMP were 31, 29 and 
27, respectively. Using RV enriched samples improved 3M and ANSR 
assay performance when LB was used as preenrichment broth, which is 
a deviation from the manufacturer’s instruction. In conclusion, both 3M 
MDA and ANSR LAMP Salmonella methods were as effective as FDA 
BAM culture method in detecting Salmonella from egg products when 

BPW was used as preenrichment broth. These quick sensitive LAMP as-
says could be used as fast detection tools for Salmonella in egg products.

Key Words: LAMP, Salmonella, detection, egg

P221 Comparison of Various Methods of Probiotic Administration 
against Salmonella Infection in Broiler chickens Fereshte Gholami*, 
Mohammad Amir Karimi Torshizi, Fahimeh Hashemzadeh Tarbiat 
Modares University
In order to investigate the effect of probiotic administration in hatchery on 
on prevent surveillance of Salmonella Enteritidis(SE) in broiler chicken 
two trials have been done. In this study the effects of various methods 
of probiotic administration in hatchery on prevention of SE in broiler 
chickens were investigated. Total of 150 day old chicks (Ross 308) were 
assigned to five experimental groups including control and four in hatch-
ery probiotic administration method groups comprised of in ovo injec-
tion, oral gavage, spray and vent lip application. Each group composed 
of 30 chickens. All chickens were challenged by 8 Log CFU SE using 
oral gavage one day after administration of probiotics. At 1 and 7 days 
post-challenge (PC) 15 birds per experimental group were sampled for SE 
recovery by both culture and cultured based PCR techniques. Administra-
tion of probiotics reduced the number of colonized chicks, compared with 
control group evaluated by culture and PCR method. These reductions 
were significant for all administration routes (P<0.05), except for 1 day PC 
which was evaluated by culture method (P>0.05). Furthermore probiotics 
were able to reduce the number of colonized chicks from day 1 to day 7 
PC. This study evaluated vent lip method as the most effective routes of 
probiotic administration in prevention of SE colonization which was not 
significantly different from spray application in day 1 PC group and from 
other administration methods in day 7 PC (P>0.05). PCR method showed 
higher sensivity in detection of SE compared to traditional culture method. 
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Administration of probiotics in hatchery was capable of reducing the colo-
nization of Salmonella in alimentary tract of chicks.

Key Words: probiotic, administration method, broiler chicken, 
Salmonella Enteritidis, hatchery

P222 Arkansas Progressor and Regressor chicken lines: important 
models for tumor biomarker study Bhuwan Khatri*GS, Ashley Hayden, 
Ayla Smartt, Dongwon Seo, Nicholas Anthony, Byung-Whi Kong 
University of Arkansas
Arkansas Progressor (AP) and Regressor (AR) chicken lines are impor-
tant animal models for the study of susceptibility for and resistance to 
tumor development induced by Rous sarcoma virus (RSV). The AP line is 
susceptible and develops viral src (v-src) oncogene induced tumors while 
the AR line regresses tumors. The genetic study of these two groups will 
provide valuable information in understanding the genetic and molecu-
lar basis of their phenotypic differences. In this study, the two lines were 
challenged with RSV and the tumor scores were recorded for duration 
of 45 days. On the basis of the challenge, ten AP line individuals which 
progressed tumor development and ten AR line individuals that regressed 
tumors were selected to assess their genetic variability. To characterize 
genetic differences between AP and AR lines, 10 blood samples from each 
line were collected and DNA samples were purified. The purified DNA 
samples were pooled to represent each line and whole genome sequencing 
was performed. The raw sequence reads were aligned to chicken refer-
ence genome for Red Jungle Fowl (gal gal 4) using NGen program. The 
sequences for AR and AP chicken lines reached 4.5x and 5.6x, respec-
tively. A total number of 7.1 and 7.3 million SNPs were identified in AR 
and AP genomes, respectively. Through a series of filtration processes, 
12,242 SNPs were identified in AR chicken line to be linked with induc-
ible mutations such as non-synonymous, frameshift, nonsense, no-start 
and no-stop. After additional filtering of SNPs on the basis of ≥ 10 read 
depth, 63 reliable marker SNPs were found which were chosen for further 
study. Among the 63 causal SNPs, 10 potential markers were randomly 
chosen for the further validation using PCR and Sanger sequencing. Gene 
network evaluation using Ingenuity Pathway Analysis revealed that ge-
netic marker SNPs for tumor regression have roles in networks centered 
to UBC, PI3K complex and NF-kB suggesting that the tumor regression 
property of AR chicken line is likely associated with protein degradation 
by ubiquitination and protein kinase pathways. Such findings aid to pro-
vide insight into genetic components responsible for tumor regression 
thereby facilitating appropriate engineering of chemotherapeutics against 
tumors for both animal and human uses. This work was supported by 
funds from the Arkansas Biosciences Institutes and the Arkansas Agricul-
tural Experimental Station.

Key Words: Animal models, v-src, tumor, biomarker, validation using 
PCR

P223 The effect of an IBD virus on Broilers and SPF birds isolated in 
NE Georgia Luis Gomez* MERIAL
In a recent effort to isolate prevalent strains of IBDV in broilers in north-
east Georgia (USA), the strain referred to as 9109 was isolated in almost 
100% of the cases. The main driver for this effort was that several farms 
will start having poor performance during times of the year where down-
time and broiler size will be critical for integrators. The source of the 
samples was from routine posting sessions with birds of all ages rang-
ing from 10 days of age up to birds of processing age. While other find-
ings are recorded during these posting sessions (coccidial scores, enteritis, 
etc.), bursae samples are collected for virus isolation and histopathological 
analysis. The summary of all data from all postings is later collected and 
analyzed for the “most damage” or atrophy (including edema and inflam-
mation). The submission of the samples for virus isolation was managed 
under a criteria of acute bursal damage (by Hoerr’s histopathological anal-
ysis). In this cases, most samples submitted were damaged between 22 
and 26 days of age with the most chances of isolating IBD virus. In order 

to establish the effect of the virus, we challenged SPF birds and Broilers 
(with high maternal antibodies) with these new prevalent strain. SPF birds 
showed complete bursal atrophy while broilers exhibited different levels 
of affection based on the vaccination program of the breeder stock, age 
of lay of that particular breeder flock, and vaccination with or without a 
recombinant HVT-IBD vaccine (in ovo) of the broilers (progeny) of the 
broilers. While birds with the breeder vaccine program A, and no recom-
binant HVT-IBD vaccine showed 17% protection, birds from a different 
source, showed 74% protection against the 9109 virus challenge.

Key Words: IBD, Infectious Bursal Disease, 9109

P224 Expression of antimicrobial peptides in the intestine of Eimeria-
challenged chickens Shengchen Su*GS1, Dylan Dwyer1, Katarzyna Miska2, 
Raymond Fetterer2, Mark Jenkins2, Eric Wong1 1Virginia Tech; 2USDA/
ARS
Avian coccidiosis is caused by the intracellular protozoa Eimeria. The site 
of invasion and lesions in the intestine is species-specific; for example, E. 
acervulina mainly affects the duodenum, E. maxima the jejunum, and E. 
tenella the ceca. Lesions in the intestinal mucosa reduce feed efficiency 
and body weight gain. The resultant damaged intestinal barrier leads to 
bacterial infection, which can increase mortality in birds. Liver expressed 
antimicrobial peptide 2 (LEAP2) and avian beta-defensins (AvBds) are 
cationic antimicrobial peptides (AMPs), which are expressed in epithe-
lial cells as a component of the innate immune system. The objective of 
this study was to compare the expression of AMPs in broilers challenged 
with either E. acervulina, E. maxima, or E. tenella. The genes examined 
included LEAP2 and AvBd family members 1, 6, 8, 10, 11, 12 and 13. 
Duodenum, jejunum, ileum and ceca were collected 7 d post challenge. E. 
acervulina challenge resulted in downregulation of LEAP2 and AvBd 1, 
6, 10, 11, 12 and 13 in the target tissue duodenum, and downregulation of 
AvBd 1 in the ileum. E. maxima challenge produced decreased expression 
of LEAP2 and AvBd 1, 6 and 10 in the target tissue jejunum, and many 
changes in AMP expression in other intestinal segments. E. tenella chal-
lenge showed downregulation of LEAP2 in the ceca, but no change in 
AvBd expression. The common downregulation of AMPs (LEAP2, AvBd 
1, 6 and 10) in the target tissue of E. acervulina and E. maxima challenged 
birds indicates there may be Eimeria gene products, which can repress the 
host innate immune system and promote pathogen invasion and replica-
tion.

Key Words: Eimeria, antimicrobial peptides, avian beta defensins, 
LEAP2

P225 Sequential development of superficial pectoral myodegeneration 
and sclerosis (“Wooden Breast”) in commercial broiler chickens 
Chelsea Landon*, Matthew Livingston, John Brake, H. John Barnes North 
Carolina State University
Over the past few years, an economically significant muscle disease af-
fecting the superficial pectoral muscle (Pectoralis major), commonly 
called “Wooden Breast”, has emerged in the broiler chicken industry. Ex-
cess hardness occurs in the thickest part of the breast muscle, typically 
below the shoulder, resulting in an area of tough, chewy meat. Micro-
scopically, lesions occur mainly in the center of the muscle and consist of 
muscle fiber swelling, necrosis, degeneration, regeneration, and lympho-
cytic vasculitis. Diseased muscle fibers become separated and connective 
tissue develops around the fibers and between muscle bundles. Problems 
associated with Wooden Breast are recognized by poultry producers and 
processors; however, little is known about this important emerging indus-
try problem. In this study, we aimed to identify the progression of muscle 
lesions and determine the earliest age when lesions could be observed. 
A total of 5-7 broiler chickens were euthanized weekly for 6 wk. Breast 
muscle was harvested from each chicken at the time of euthanasia, and 
processed and stained for histologic evaluation. Muscle tissue was scored 
histologically at 10x magnification on a 1-4 scale based on percentage 
lesion per field (1 = normal to 4 = severe). Of the 36 broilers sampled, 
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we identified a range of muscle scores and progression of lesion develop-
ment over time. Lymphocytic vasculitis was noted as early as 1 wk of age 
and throughout to 6 wk of age. Histologic lesion scores increased with 
time, before reaching a plateau at 4 wk. Increased vacuolization and fiber 
degeneration was observed at 2 wk, and a lesion score of 4 was first identi-
fied at 3 wk, suggesting that this lesion occurred early in growth. Based on 
these data, we found an increase in Wooden Breast over time, beginning at 
3 wk of age. We hypothesize that lymphocytic vasculitis, observed at 1 wk 
of age, plays a major role in this lesion; therefore future studies will focus 
on evaluating this cellular infiltrate. 

Key Words: Myodegeneration, Wooden Breast, Lymphocytic vasculitis

P226 Assessment of the level of protection against coccidiosis in 
broiler breeders conferred by vaccination. Muhammed Shameer Abdul 
Rasheed*GS University of Arkansas
Coccidiosis is a great challenge to the poultry industry that can be con-
trolled by vaccination with live oocysts of Eimeria spp. The purpose of this 
study was to assess the level of protection acquired when broiler breeder 
chickens were immunized at day-old with a live coccidiosis vaccine. 220 
vaccinated and unvaccinated broiler breeder chickens were raised in sepa-
rate pens in new litter. At 4 weeks of age and every week thereafter until 8 
weeks of age, 40 of the vaccinated and unvaccinated birds were assigned 
to 4 treatment groups in cages for challenge with 100,000 oocysts of Ei-
meria tenella. The groups were either vaccinated and challenged (VC), 
unvaccinated and challenged (UC), or vaccinated and unchallenged (VU), 
and unvaccinated and unchallenged (UU). The level of protection was as-
sessed by lesions in the ceca and dropping pan scores 6 days after chal-
lenge. Lesion score and dropping pan scores were significantly reduced in 
the VC (P < 0.05) birds compared to UC birds at 4, 5, 6, 7, and 8 weeks of 
age indicating that birds are sufficiently protected to prevent the pathology 
caused by the Eimeria. A high lesion and dropping score in the UC group 
indicates severe destruction of the cecal wall caused by the parasite which 
ultimately can result in mortality of the infected birds. The magnitude of 
pathology was highly reduced in VC group as indicated by a reduction in 
both the scores at all weeks of challenge. This suggests a good level of 
protection which may armor the birds against the disease throughout the 
rearing period.

Key Words: coccidiosis, broiler breeders, vaccination, pathology, 
protection

P227 Isolation of Clostridium perfringens from poultry in antibiotic-
free commercial farms F Vargas*1, P Filsner2, L Moreno2, T Ferreira2, A 
Da Silva2, T Knobl2, A Moreno2 1Merck Animal Health; 2University of São 
Paulo
Introduction
Necrotic enteritis, caused by Clostridium perfringens, is a major issue af-
fecting the poultry industry, causing extensive economic losses through 
mortality, reduced bird performance and carcass condemnation at pro-
cessing plant. The objectives of this study were to isolate C. perfringens 
from fecal swabs from broiler chickens exhibiting clinical signs of NE and 
characterize the strains in relation to the presence of alpha, beta, epsilon, 
iota, beta-2, netB and tpeL toxins genes using polymerase chain reaction 
(PCR).

Materials and Methods
A total of 221 fecal swabs with Stuart transport medium were collected 
from chickens displaying clinical signs of necrotic enteritis in 11 commer-
cial farms using antibiotic-free feeds in Brazil. The colonies of C. perfrin-
gens were submitted to DNA purification and PCR assays were performed 
using specific primers to toxin genes (alpha, beta, beta2, epsilon, iota, en-
terotoxin, netB, tpeL) as previously described. 

Results
The bacteriological examination of 221 fecal swabs revealed 159 animals 
positive to C. perfingens isolation (71.4%). A total of 105 samples pre-

sented C. perfingens type A (47,5), 54 presented C. perfringens type A 
netB positive strain (24.4%), and 3 presents C. perfingens type A netB and 
tpeL positive strains (1.3%). None of the strains were positive to beta2 
toxin gene.

Conclusions
C. perfringens were isolated in a high prevalence in broiler chickens with 
necrotic enteritis from antibiotic free farms in Brazil. Gene of netB toxin 
was detected in a high number of animals showing signs of disease; tpeL 
gene was less frequent being detected in only 1.3% of animals.

Key Words: Clostridium, Necrotic enteritis, Toxins, Broilers

P228 Resistance profile and genetic characterization of Clostridium 
perfringens in poultry from Brazilian antibiotic-free commercial 
farms F Vargas*1, P Filsner2, L Moreno2, T Ferreira2, A Da Silva2, T Knobl2, 
A Moreno2 1Merck Animal Health; 2University of São Paulo
Introduction
Necrotic enteritis is an important enteric disease of chickens caused by 
Clostridium perfringens. Usually, outbreaks of NE in chickens can be 
readily treated by the administration of certain antibiotics such as linco-
mycin, oxytetracycline, penicillin, and tylosin. The objectives of this study 
were to determine the resistance profile of C. perfringens isolated broiler 
chickens displaying clinical signs of necrotic enteritis and characterize the 
strains through the amplified fragment length polymorphism with a single 
enzyme technique (SE-AFLP).

Materials and Methods
A total of 159 strains of C. perfringens were isolated from chickens dis-
playing clinical signs of necrotic enteritis in 11 commercial farms using 
antibiotic-free feeds in Brazil. The strains were submitted to PCR assays 
using specific primers to toxin genes (alpha, beta, beta2, epsilon, iota, en-
terotoxin, netB, tpeL) as previously described. Fifty strains were selected 
to SE-AFLP typing and determination of minimal inhibitory concentra-
tion (25 strains type A positive to netB gene and 25 strains negative to 
netB gene). MIC was done using Sensititre® Avian Standard Susceptibil-
ity MIC Plate against 18 antimicrobials.

Results
Minimal inhibitory concentration values shown that all 50 strains were 
susceptible to enrofloxacin, ceftiofur, oxytetracycline, tetracycline, amox-
icillin, florfenicol, penicillin, clindamycin, tylosin and were resistant to 
neomycin, gentamicin, spectinomycin, sulfadimethoxine, sulphathiazole, 
sulfa-trimethoprim, streptomycin and novobiocyn. Seven strains were re-
sistant to erythromicyn. SE-AFLP discriminate the 50 strains in 36 geno-
types.

Conclusions
C. perfringens strains isolated from broiler chickens with necrotic enteritis 
from antibiotic free farms in Brazil presented a low variation in resistance 
profile, but could be genetically discriminated using SE-AFLP.

Key Words: Clostridium, Antibiotic resistance, Genetic profile, Broilers

P229 Comparative expression of avian beta defensins in turkey poults 
Shaimaa Hamad*GS1, Sungwon Kim2, Eric Wong1, Rami Dalloul1 1Virginia 
Polytechnic Institute and State University (Virginia Tech); 2The Roslin 
Institute, University of Edinburgh
Avian beta defensins (AvBDs) play an important role in innate immunity 
against potential pathogens particularly in young birds with an immature 
immune system. The objective of this study was to compare gene expres-
sion levels of AvBDs in male turkeys at weekly intervals. Bursa, spleen, 
thymus, duodenum, jejunum and ileum were collected during different 
developmental stages (day of hatch [DOH], D7, D14, D21 and D28). The 
gene expression of AvBD1, AvBD2, AvBD3, AvBD8, AvBD9, AvBD10 
and AvBD13 was measured using qPCR (six birds/tissue/age). Data were 
analyzed by One-way ANOVA and Tukey’s test and significance consid-
ered at P < 0.05. The AvBDs showed tissue- and development-specific 
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expression. Expression of AvBD1 was the greatest at D28, DOH and 
D21 compared to the other ages in the duodenum, spleen and thymus, 
respectively. AvBD2 expression showed the highest expression in spleen 
at DOH and in thymus at D21. AvBD3 expression was greatest at DOH in 
bursa, D21 and D28 in ileum, DOH in spleen and D28 in thymus. AvBD8 
and AvBD9 showed the greatest expression in the duodenum at D28 and 
thymus at D21, respectively. AvBD10 showed the highest expression at 
DOH in bursa, duodenum, ileum and jejunum, while in thymus the high-
est expression was at D21. AvBD13 showed the greatest expression in the 
duodenum at D28 and in the thymus at D21. Understanding the differen-
tial expression of avian beta defensins across tissues and developmental 
stages could inform us of the innate immune status of turkey poults, and 
may subsequently allow improvement of their health through appropriate 
mitigation strategies.

Key Words: beta defensins, turkeys, innate immunity, qPCR

P230 Behavior a program of immunization against bursal disease in 
broilers to challenges variant strains detected in field. Nancy Christy, 
Salvador Infante, Josué Sánchez* Boehringer Ingelheim Vetmedica
In recent years there have been outbreaks of atypical infection bursa dis-
ease (IBDV) in different geographical areas of Mexico, from broilers. The 
present work was performed in order to evaluate an immunization pro-
gram with two applications of modified live vaccine intermediate strain 
at 10 and 21 days of age in broilers vaccinated with eye drop and drink-
ing water. The experiment is based on a serological monitoring to verify 
Newcastle disease (ND) fraction and IBDV, histopathology scale based on 
microscopic lesions according to the European Pharmacopoeia and detec-
tion of variant strains of IBDV present in the groups through RT-PCR and 
sequencing of amino acids. Of four groups where taken the samples at 14, 
21, 28 and 35 days. Statistical analysis was based with the generalized 
random block and Duncan test (P <0.05) to see if statistically significant 
differences existed between the groups. The serological results for ND 
fraction show averages logarithm base2 of 6 without statical changes to 28 
and 35 days of ages for hemagglutination inhibition test (HI) considered 
protective titles, also the Enzyme Linked Immuno Sorbent Assay (ELISA) 
show low titles on one of the groups, it showed 3.2 injury at day 28 of age 
according to the European Pharmacopeia. The results of the sequencing 
of aminoacids show the presence of variant strain present in the group 
challenged. Therefore we can conclude that the vaccination program used 
conferred adequate protection in the critical days could compromise the 
integrity of the bursa.

Key Words: Infection bursa disease, IBDV, variants, Amino acid 
sequencing, variant strains

P231 Effect of feeding oregano essential oil on efficiency and health 
of broilers under a mixed intestinal challenge Diego Martínez*1, Carlos 
Vílchez2 1LIAN Development & Service; 2Universidad Nacional Agraria 
La Molina
In order to determine if oregano essential oil (OEO) supplementation 
could attenuate the effect of a mixed intestinal challenge (MC) 192 male 
Cobb 500 broiler chicks were placed from d 1 to 28 in 24 cages and as-
signed to 1 of 3 treatments: T1, unchallenged with no OEO; T2, chal-
lenged but with no OEO; T3, challenged and supplemented with OEO 
(500 ppm Orevitol®). The MC included an oral inoculum of Clostridium 
perfringens (108 CFU/bird at d 18, 19 and 20), an oral mixed inoculum of 
Eimeria spp. with ≥24x105 live oocysts (Immucox® for Chicken II vac-
cine; 10 doses/bird at d 14), reused litter, and diets containing overcooked 
soybean meal (73% KOH solubility) formulated according to Cobb 500 
nutritional guidelines but with high protein (26.7%). Health indicators 
(feed conversion ratio, FCR; morphometric indexes of spleen, bursa and 
thymus, MI; bursa diameter, BD) and feces quality were evaluated. A 
combined feces index was used after collecting droppings on absorbent 
papers placed on the litter: LIAN1.1 index = Σ Si x (25/n); where «ΣSi” 
indicates the summatory of the score (S) of each dropping sampled (i) in 

the same experimental unit, and “n” is the number of droppings sampled 
in the experimental unit. Score: 0, normal; 1, watery (WF) (diameter of 
humidity at least twice the diameter of the dropping); 2, with undigested 
feed (UF); 3, with desquamated mucosa (DF); 4, bloody (BF). Frequency 
(%) of each alteration in feces was also recorded. Data was processed 
using a CRD with three treatments and eight replicates using the GLM 
procedure of SAS and Duncan’s test. The MC increased (P<0.01) %WF, 
%UF, LIAN1.1 index, FCR and BD, as well as spleen MI (P<0.05). OEO 
supplementation completely restored FCR and BD (P<0.01), and even 
improved feces quality (WF, UF, DF, LIAN1.1 index; P<0.01) and bursa 
MI (P<0.05) when compared to unchallenged birds. In conclusion, under 
a mixed intestinal challenge, feeding OEO improves health, feces quality 
and feed efficiency of broilers.

Key Words: oregano essential oil, intestinal challenge, bursa, lymphoid 
organs, LIAN index

P232 Effect of Sporulin® on broilers inoculated with a strain of 
Salmonella heidelberg isolated in Brazil Ricardo Hayashi1, Mariana 
Lourenço1, Ricardo Gonzalez-Esquerra*2, Raquel Araujo2, Fernando Rigo2, 
Elizabeth Santin1 1LABMOR/MESSA - Universidade Federal do Paraná; 
2Novus International Inc.
The effect of the probiotic Sporulin® (Novus International Inc.) on its ca-
pacity to inhibit the proliferation of Salmonella Heidelberg (SH) isolated 
in Brazil in broilers were tested. This SH strain has shown to be highly 
resilient to standard control measures and well adapted to field conditions. 
Twelve male Cobb 500 birds per pen were randomly assigned to 6 treat-
ments in a 3x2 factorial where Sporulin® was fed at 0, 250 or 500g/MT 
of feed in either SH-inoculated or non-inoculated birds. At 1d old, chicks 
were housed in 6 isolated rooms each with 4 battery cages (reps) stacked 
vertically, previously disinfected, negative pressured, with nipple drink-
ers, and automatic temperature controls. Each treatment comprised one 
room with 4 reps. Litter and antibiotic-free Corn/SBM basal diets were 
autoclaved at 120 C for 15’ prior to trial initiation. Vitamins, minerals and 
Sporulin® were added after sterilization procedures. Diets were isonutri-
tional across treatments and fed ad libitum from 1 to 21d. At 3 days of age, 
half the birds within each SH-challenged cage were chosen randomly and 
orally dosed with 107 CFU/chick, properly identified, and mixed with the 
rest of the group. At 21d, Salmonella sp. (Ssp) counts of 12 birds per treat-
ment were measured in liver and cecum according to Pickler et al. (2012) 
methods. Absence of Ssp in non-inoculated treatments was confirmed by 
analyzing 4 pools of cecum and liver per treatment. Data were analyzed by 
ANOVA and Tukey Test. Sporulin® fed at 250g/MT increased Intake and 
BWG over control whereas intermediate results were obtained at 500g/
MT (P<0.05). FCR was not statistically different (P>0.05). No interac-
tions were observed so that performance benefits of Sporulin® were inde-
pendent of SH inoculation (P>0.05). At 21 days, inoculated birds showed 
significant reductions of SH in cecum vs controls when feeding Sporulin® 
at 500g/MT. Both Sporulin® dosages effectively reduced liver SH counts 
vs controls at 21 days (P≤0.05). It was concluded that Sporulin® at 500g/
MT was effective at reducing SH counts in liver and cecum (21 days), 
while 250g/MT reduced only SH in liver but was more efficacious in im-
proving performance of broilers.

Key Words: Salmonella heidelberg, eubiotic, broilers, Sporulin, probiotic

P233 Histomorphometry in the Anterior Latissimus Dorsi (ALD) 
Muscle and Determination of Activity of Enzymes CK, GGT, AST, 
LDH, Uric Acid and Creatinine in Broilers with Dorsal Cranial 
Myopathy Renata Sesterhenn*, Vladimir Nascimento*, Liris Kindlein*, 
Ana Hamerski, Sérgio Vieira, Guiomar Bergmann Universidade Federal 
do Rio Grande do Sul
The cranial dorsal myopathy (MDC), of unknown etiology, has micro-
scopic changes as the presence of hyalinization and flocculate necrosis 
in the predominant lesions. Therefore, the objectives of this study were 
to assess the histomorphometric characteristics of the dorsal cranial my-
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opathy of the muscle fibers of the anterior latissimus dorsi (ALD) muscles 
due to the presence of MDC, and to quantify the activity of CK enzyme 
by checking the systemic involvement of this pathology. For this experi-
ment, we collected 48 ALD muscles (24 samples at 35 d (2.800 BW) and 
at 42 d (3.200 BW), and rated for presence/absence of the lesion. Skeletal 
muscle samples were obtained and fixed in 10% buffered formalin. In ad-
dition, blood samples were collected for serum enzyme markers analysis 
(creatine kinase (CK), gamma glutamyl transferase (GGT), aspartate ami-
notransferase (AST), lactate dehydrogenase (LDH), uric acid and creati-
nine). The muscle fiber width of muscle tissue (µm) and partial volume 
of adipose tissue (Vva, %) showed that broilers with MDC demonstrated 
lower muscle fiber width (271,16 ± 74,23 µm) and a lower percentage of 
adipose tissue (34,83 ± 14,50 %) when compared to broilers with normal 
muscles (281,13 ± 75,10 µm and 36,84 ± 12,12 %, respectively). Activ-
ity of plasma CK was measured at 35 and 42 d, and was 14.133,11 ± 
13.240,76 U/L, and 27.903,00 ± 8.398,49 U/L, respectively, when com-
pared to normal muscle broilers at the same ages (9.272,11 ± 3.894,10 
U/L e 19.196,25 ± 4.344,92 U/L). The GGT enzyme appeared at lower 
concentrations and, in most cases, could not even be identified, therefore, 
it makes it possible for us to say that hepatic problems were not present 
in these broilers, but muscle lesions, once the averages of AST, LDH, uric 
acid and creatinine were higher in the presence of MDC and 42 d (1098.33 
± 544.88 U/L; 9052.30 ± 2333,90 U/L; 3,49 ± 1,30 U/L and 0,25 ± 0,03 
U/L, respectively) than at 35 d of age (486.54 ± 480.77 U/L; 3166.22 ± 
2539.00 U/L; 2,69 ± 2,20 U/L and 0,22 ± 0,15 U/L, respectively). Accord-
ing to the results of this research, it can be concluded that the fibers of the 
affected muscles show chronic changes, and most of the enzymes analysis 
showed a direct relationship between age increasing with the presence of 
this muscle injury.

Key Words: Broiler, Miopathy, Enzymes, Histomorphometry, Poultry

P234 Changing IBV vaccination program can improve farm 
profitability Corrado Longoni*1, Elisa Russo1, Giovanni Franzo2, Claudia 
Tucciarone2, Mattia Cecchinato2 1Merck Animal Health; 2University of 
Padua
Infectious bronchitis virus (IBV), belonging to family Coronaviridae, ge-
nus Coronavirus, is highly contagious and causes serious economic losses 
for the worldwide chicken industry. Numerous IBV genotypes have been 
detected with fluctuating prevalence and distribution. 

The disease can be controlled in field using vaccination but the level of 
cross-protection between different strains is poor. 

The use of two vaccines belonging to different genotypes enlarges the 
spectrum of protection to other genotypes. Anyway many different vacci-
nation programs are used in field and the knowledge of the epidemiologi-
cal scenario can be invaluable in any effective vaccination strategy.

Two broiler farms (total of 130000 birds) belonging to the same farmer ad-
opted a vaccination program for IBV based on the administration of H120 
(Mass genotype) at day 1 and day 15 in an area were QX, Q1 and 793B 
IBV strains were circulating. At 30 days of age birds showed respiratory 
syndrome, liquid feces, low feed consumption and a cumulative mortality 
of 6.9%. In depth analyses were conducted and IBV QX strains was iden-
tified from trachea and kidneys by RT-PCR and sequencing.

The vaccination plan was changed in the following two production cycles 
to expand protection against different IBV to cope with this epidemiologi-
cal evidence. An H120 and a QX vaccines were administered at day 1 and 
793B vaccine at day 15. No respiratory syndrome affected the farms and 
the mortality clearly decreased to 4.83% and 3.95% during the first and 
second cycle, respectively. The cost for antibiotic treatment was reduced 
from 0,0186 €/kg live weight with the old vaccination plan to 0.0108 €/
kg live weight in the first cycle and 0.0087 €/kg live weight in the second 
cycle with the new plan. In the last cycle during a monitoring program 
IBV Q1 was identified.

This new vaccination program including three different genotypes was 
proved to be effective in reducing economic losses due to IBV infections 
in an area where QX and Q1 are circulating.

Key Words: Infectious Bronchitis Virus, Vaccination, Broiler, Antibiotic 
use reduction

P235 Variant Infectious Bronchitis strains in the Middle East Husam 
Bakri* MSD-Animal Health
Infectious Bronchitis is considered as one of the acute, highly contagious 
respiratory diseases of chickens caused by corona virus. The disease is 
characterized by tracheal rales, coughing and sneezing. In addition young 
chickens may have nasal discharge while in laying flocks there is usually a 
drop in production. Middle East countries have an estimated poultry popu-
lation of 3 billion broilers and 137 million commercial layers.

In the last few years it was noticed that breeders and layers flocks in the 
Middle East area were facing different problems such as false layers, Pen-
guin position, drop in egg production and no peak in production; while 
broilers were suffering from respiratory signs and severe nephritis.

Different samples from layers, breeders and broilers were taken and an-
alyzed using HI and PCR techniques. The results showed that different 
IBV variant strains were playing a role in the Middle East. Nevertheless, 
we were able to control the disease by using protectotype concept (Ma5 
and the variant strain 4/91). The reduction in mortality, improvement in 
the body weight, feed conversion, production and egg quality were our 
parameters.

Key Words: IBV variants, Middle East, Protectotype approach

SCAD
P236 Infectious bronchitis virus serotypes in Jordan Saad Gharaibeh* 
Jordan University of Science and Technology
Infectious bronchitis virus (IBV) causes an acute and highly contagious 
disease in chickens affecting the respiratory, reproductive, and renal sys-
tems. IBV is reported in chickens worldwide. The most commonly known 
serotype is Massachusetts (Mass). Now it is well known there are many 
other serotypes that do not convey cross protection between each other. 
In certain geographical areas certain unique serotypes maybe present. For 
example, one study in Australia identified at least 9 serotypes. This study 
was designed to investigate the serotypes of IBV present in Jordan using 
RT-PCR to amplify the S1 gene of IBV followed by restriction fragment 
length polymorphism (RFLP). Thirty IBVs were isolated from 250 chick-
en flocks suffering from respiratory disease. Using RT-PCR followed by 
RFLP, those 30 isolates were divided into 6 groups. Sixteen isolates were 

related to Mass serotype, one isolate was related to Delaware serotype, 
and the remaining 13 (7, 3, 2, 1) isolates had 4 different RFLP patterns. 
A representative virus from the group that contained 7 isolates was ex-
perimentally inoculated into susceptible chickens and was able to produce 
kidney lesions as well as respiratory disease. Future work should include 
protection study to examine if the commercially available vaccines are 
capable of protecting against these isolates.

Key Words: infectious bronchitis virus, Jordan, variant
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P237 VariumTM decreases the effects of necrotic enteritis San Ching*1, 
Fang Chi1, Sara Johnston1, Greg Mathis2, Brett Lumpkins2, Charles 
Hofacre3, Ron Cravens1 1Amlan International; 2Southern Poultry Research, 
Inc; 3University of Georgia
An experiment was conducted to evaluate the effects of Varium inclusion 
rate with and without an antibiotic on broiler chickens challenged with 
Clostridium perfringens to induce necrotic enteritis (NE). There were 8 
cages of 8 male Cobb X Cobb broilers per cage in each treatment. For the 
28 d experiment each bird received ~5,000 Eimeria maxima oocysts on 
d 14, and challenged birds received ~108 cfu of C. perfringens on d-19, 
20, and 21. Intestines from 3 birds per pen were examined for NE lesions 
on d-21. The scoring system was 0 (normal) to 3 (severe damage). Treat-
ments were: 1) non-challenged control (CON); 2) challenged (CH) con-
trol; 3) CH birds fed BMD (50 g bacitracin/US ton); 4) CH birds fed 0.1% 
Varium; 5) CH birds fed 0.25% Varium; 6) CH birds fed 0.1% Varium + 
BMD; and 7) CH birds fed 0.25% Varium + BMD. Data were analyzed as 
a CRB design using Tukey’s HSD test. Weight gain both for the challenge 
period (d-14 to 28) and for the overall period (d-0 to 28) was lower for the 
CH birds vs. the CON birds. Feeding BMD, Varium at either inclusion, 
or the combinations to challenged birds resulted in similar gain compared 
to each other. Gain was not higher than that of the challenged birds when 
BMD, Varium (either dose), or the combinations were fed, but nor was it 
different from that of the unchallenged CON birds. Feed conversion (FC) 
(both periods) was poorer (P<0.05) for CH birds vs. CON birds. Feed-
ing BMD, Varium at either inclusion, or the combinations improved FC 
vs. CH birds to the point that it was equal to that of the CON birds with 
no differences between birds fed the additions. However, FC of Varium 
at 0.25% was also not different than the CH birds during the challenge 
period. Lesion scores decreased (P<0.05) compared to the CH birds when 
BMD, Varium at 0.1%, or the combinations were fed, with Varium at 0.1% 
having lower lesion scores (P<0.05) than Varium at 0.25%. Mortality was 
lower (P<0.05) than the CH birds when Varium at 0.25% or the combina-
tions were fed, but Varium at 0.25% was not better than BMD or Varium 
at 0.1%. Feeding Varium to challenged birds improved FC, lesions, and 
mortality with no statistical improvement from feeding the higher 0.25%. 
Therefore, feeding Varium at 0.1% improves performance in challenged 
broilers.

Key Words: Varium, Necrotic enteritis, Clostridium perfringens, Broiler, 
Chicken

P238 Pathogenicity and transmission of H5 highly pathogenic 
avian influenza clade 2.3.4.4 viruses (H5N8 and H5N2) in domestic 
waterfowl (Pekin ducks and Chinese geese) Eric Dejesus1, Diane 
Smith1, Mary Pantin-Jackwood1, Mar Costa-Hurtado* 1Southeast Poultry 
Research Laboratory, U.S. National Poultry Research Center, U.S. Dept. 
of Agriculture, Agricultural Research Service; 
Domestic ducks and geese are common backyard poultry in many coun-
tries, frequently in contact with wild waterfowl, which are natural reser-
voirs of avian influenza viruses and have played a key role in the spread 
of Asian-lineage H5N1 highly pathogenic avian influenza (HPAI). In late 
2014, a reassortant H5N8 clade 2.3.4.4 HPAI virus spread by migratory 
birds into Europe and North America and mixed with North American 
low pathogenicity AI viruses to produce a H5N2 HPAI virus. These vi-
ruses spread through the United States causing outbreaks in poultry in 
2015. To evaluate the infectivity, transmissibility, and pathogenicity 
of these H5 HPAI viruses in domestic waterfowl, two-week-old Pekin 
ducks and Chinese geese were inoculated with the two index viruses: A/
Northern Pintail/Washington/40964/2014 H5N2 and A/Gyrfalcon/Wash-
ington/40188-6/2014 H5N8. Oropharyngeal and cloacal swabs were col-
lected from inoculated and contact birds at 2, 4, 7 and 10-11 days post-
inoculation (dpi) to determine virus shedding. None of the inoculated or 
contact Pekin ducks showed clinical signs, but a few of the geese present-
ed neurological signs and died. Pekin ducks also shed lower titers of vi-
ruses and for a shorter period of time than the geese. Pekin ducks became 

infected and transmitted the viruses to contacts when inoculated with high 
virus doses: 104 and 106 mean embryo infective dose (EID50), but not with 
a lower dose (102 EID50). All geese inoculated with H5N8 HPAI virus 
became infected and transmitted the virus to contacts, regardless of the 
inoculation dose. Only geese inoculated with the higher doses of H5N2 
HPAI virus and their contact birds became infected, indicating differences 
between the two index viruses. The peak of virus shedding for both viruses 
in geese and ducks was at 4 days post inoculation (dpi). In conclusion, the 
novel HPAIV H5 viruses can infect domestic waterfowl and easily trans-
mit to contact birds, with geese being more susceptible to infection than 
ducks. The disease is mostly asymptomatic, but infected birds shed virus 
for several days, representing a risk to other poultry species.

Key Words: Highly pathogenic avian influenza, H5, ducks, geese

P239 Effect of feeding Original XPC™ on Salmonella populations in 
the cecum (hindgut) of experimentally Salmonella-challenged 6 week–
old broiler chickens. Peter Rubinelli*, Stephanie Roto, Si Park, Steven 
Ricke* University of Arkansas
The purpose of these experiments was to test the hypothesis that Original 
XPC™ can reduce Salmonella colonization in the cecum of broiler 
chickens when supplemented to feed. 

In experiment 1, five groups of 10 chicks were either orally challenged 
or not challenged with 109 CFU of nalidixic acid-resistant marker strains 
of Salmonella Typhimurium or Enteritidis on day 1 post-hatch. Control 
chicks received an equal volume of sterile saline. Groups were either 
given Original XPC™ in the diet at a concentration of 0.125% or not 
provided Original XPC™. At 6 weeks of age the ceca were removed, a 
portion weighed, and this portion diluted and direct-plated on Salmonella 
selective medium. In experiment 2, groups of 30 chicks were either giv-
en Original XPC™ in the diet at concentrations of 0.125% or 0.2%, or 
none. Experimental chicks were orally challenged with 2 x 108 CFU of 
the marker strain S. Typhimurium on day 1 post-hatch, and control chicks 
received sterile saline. The marker strain was then enumerated in cecal 
contents as in experiment 1. 

In experiment 1, the S. Typhimurium marker strain in cecal contents 
(mean log CFU/gram = 7.5) was significantly reduced by 0.125% XPC in 
feed compared to the control group without XPC (mean log CFU/gram = 
8.5). S. Enteritidis was also significantly reduced (P < 0.05). In experiment 
2, Salmonella was not significantly reduced comparing with and without 
XPC, but did show a numerical reduction when comparing the 0.125% 
and 0.2% concentrations of XPC in feed. 

The results of experiment 1 indicated that Original XPC™ at a concen-
tration of 0.125% in a chicken diet could significantly reduce both S. 
Typhimurium and S. Enteritidis colonization levels in the chicken cecal 
contents. Experiment 2 suggests that 0.2% XPC may further reduce Sal-
monella relative to the 0.125% concentration, but additional research is 
needed for verification.

Key Words: Original XPC™, feed, Salmonella, broiler, chicken

P240 In vivo cellular responses to intradermal injection of 
phytohemagglutinin (PHA) in chickens Kallie Sullivan*GS, Kristen 
Byrne, Hyeonmin Jang, Gisela Erf University of Arkansas
Phytohemagglutinin (PHA) is commonly used to examine an individu-
al’s general cell-mediated immune system (CMI) capabilities. To assess 
PHA-stimulated CMI activity in chickens, PHA is typically injected intra-
dermally (i.d.) into the wing web, wattle or toe web. The tissue swelling 
response is then monitored, whereby the extent of the swelling positively 
relates to the individual’s CMI capabilities. Although i.d. injected PHA 
was shown to stimulate infiltration of primarily lymphocytes and baso-
phils to the site of injection, reports on temporal, qualitative and quantita-
tive aspects of the local PHA response are limited. We recently developed 
a method using the pulp (dermis) of growing feathers (GF) as a test-site 
to monitor tissue/cellular responses in vivo. The objective of this study 
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was to use GF to assess and monitor leukocyte responses to PHA in vivo. 
Specifically, the pulp of 22 GF per chicken were injected with 10 µL of 
either diluent (endotoxin-free PBS) or 300 µg/mL PHA-P (5 chickens per 
treatment). Three GF per chicken were collected before- (0) and at 0.25, 1, 
2, 3, 4, 5, and 7 d post-injection. At each time-point, one of the three GF 
was used to prepare pulp cell suspensions for immunofluorescent staining 
and flow cytometric leukocyte population analysis, one GF was placed 
in formalin for histology and one GF was snap frozen for immunohis-
tochemical staining and RNA isolation. Compared to the PBS control, 
PHA injection resulted in higher leukocyte levels throughout the 7 d study 
(main effect P < 0.05), with the highest levels observed at 0.25, 1 and 2 d 
post-injection. Infiltrating leukocytes consisted primarily of T cells, with 
CD4+ T cells the most abundant, followed by gamma delta T cells, and 
CD8+ lymphocytes. IgM+ B cells also infiltrated the pulp in response to 
PHA, with highest levels observed at 4, 5 and 7 d. Preliminary evaluation 
of Hematoxylin-Eosin and Toluidine Blue stained GF sections confirmed 
infiltration of lymphocytes and basophils in response to PHA. Cytokine 
gene-expression analyses are underway. Using the GF as a dermal test-
site to evaluate the in vivo PHA response, our observations confirm those 
reported by others and provide comprehensive insight into the nature of 
this polyclonal response. 

Key Words: Chicken, Cell-mediated immune response, PHA, Leukocyte 
infiltration, Flow cytometry

P241 Detection and quantification of viable airborne avian influenza 
generated indirectly from infected chickens housed on litter Charles 
Balzli*, Kateri Bertran, Lindsay Killmaster, David Swayne USDA 
Agriculture Research Service
Avian influenza can be transmitted to poultry through respiratory drop-
lets and aerosols. Generally, airborne avian influenza detection relies on 
genetic material that has no bearing on viral viability. Although viable air-
borne avian influenza virus has been recovered using semi-quantitative 
methods, accurate quantitative measurements from poultry under normal 
husbandry conditions have yet to be obtained. The purpose of these stud-
ies is to quantify viable airborne influenza virus generated indirectly from 
infected White Leghorn chickens housed on litter. A contained and defined 
space (155 L) was created to hold 10 infected, 3-5 week old birds. Air, was 
drawn through the space at a constant rate (50 L/min) by vacuum pumps. 
Air samples were collected (n=4/strain) for 30 minutes each day (0-9 days 
post infection) with impingers. Standard virus isolation techniques were 
used for detection and quantification of viable influenza virus from air 
samples. No viable virus was detected from air samples collected from 
chickens infected with A/Ch/CA/1002/2000 H6N2 or A/HK/734/2014 
H7N9 low pathogenicity avian influenza viruses. Experiments using the 
high pathogenicity avian influenza strains A/Chicken/WJ-Subang/29/2007 
H5N1 have not resulted in the collection of viable airborne virus. Ongoing 
experiments are being performed using A/Vietnam/1203/2004 H5N1 that 
previously proved transmissible and detectable in air samples following 
slaughter of infected chickens, and A/NPT/WA/40964/2014 H5N2 from 
the recent US outbreak. These studies on indirect aerosol generation of 
influenza combined with previous studies on airborne influenza virus shed 
directly from infected birds are needed in order to understand major trans-
mission, epidemiology and ecology factors of avian influenza.

Key Words: avian influenza, aerosol

P242 Characterizing the adaptive cellular immune response of 
peripheral blood and splenic leukocytes in juvenile White Leghorn 
and Plymouth White Rock SPF chickens. Stivalis Cardenas Garcia*GS1, 
Robert Williams1, Robert Dunwoody2, Valerie Marcano1, Patti Miller3, 
Corrie Brown1, Claudio Afonso3, Robert Gogal Jr.1 1The University of 
Georgia; 2Mercer University; 3Southeast Poultry Research Laboratory
Specific pathogen free (SPF) White Leghorn (WL) and SPF Plymouth 
White Rock (PWR) chickens have been routinely employed in our labo-
ratory to study Newcastle disease and avian influenza pathogenesis and 

for vaccine trials as comparable models of commercial layer and broiler 
breeds. Since response to avian viral pathogens and vaccines is primarily 
mediated by the chicken’s cell mediated immunity (CMI), it would be 
useful to assess baseline immune profiles between the two chicken breeds. 
In the present study, we evaluated the CMI response in WL and PWR 
chickens at 6, 7 and 9 weeks of age. Enriched peripheral blood and splenic 
leukocytes (PBL and SPL, respectively) from SPF WL and PWR chickens 
were enumerated, phenotyped for distribution of T cell and B cell subsets 
and also evaluated by cytology. These cells were also cultured with con-
canavalin A (ConA, 10 µg/mL), lipopolysaccharide (LPS, 4 µg/mL) or a 
combination of phorbol 12-myristate 13-acetate (10 ng) and ionomycin 
(200 pg) (PMA/OI), into 96-well plates, for 72 hr to assess non-specific 
functional proliferation. An initial standardization of the lymphocyte pro-
liferation assay helped us to identify the appropriate number of cells to 
be used for our study, which varies depending on whether PBL (500,000 
cells/well) or SPL (250,000 cells/well) are being analyzed. Our prelimi-
nary data indicate that there are differences in lymphocyte proliferative 
response between WL and PWR at 6 weeks of age, at which the WR 
showed higher proliferative response than the WL. Additionally, increased 
CD3+ and CD3+/CD8+ cell populations, as well as decreased IgM+ cell 
populations, were also observed in PWR when compared with the WL at 
7 weeks of age. Increased CD3+ and CD3+/CD8+ cell populations, as well 
as decreased IgM+ cell populations, were also observed in PWR when 
compared with the WL at 7 weeks of age.

Key Words: Cellular immune response, Lymphocyte proliferation

P243 Outbreaks of Avian Encephalomyelitis with unusual Lesions 
in young Brown Chickens Carmen Jerry*GS1, Lisa Stabler2, Monique 
Franca1, Mark Bland3, H.L Shivaprasad4 1University of Georgia; 2Poultry 
Diagnostic Research Center; 3Cutler Associates; 4University of California, 
Davis
Avian encephalomyelitis (AE) is a ubiquitous, infectious viral disease 
that affects chickens, turkeys, quail, pigeons and pheasants. The disease is 
caused by Picornavirus, in a distinct genus called Tremovirus. Transmis-
sion occurs vertically and horizontally and prevention is achieved through 
vaccination. Also referred to as “Epidemic Tremor”, the disease produces 
neurological signs inclusive of ataxia and paralysis in young chickens and 
layers may experience drop in egg production. Birds that survive the ini-
tial disease may develop cataractous lens changes later in life. Morbidity 
ranges from 40-60% and mortality can approach 50%. Macroscopic le-
sions are typically rare, but, occasionally pale foci may be observed in the 
ventricular wall. Histologically, disseminated, non suppurative, encepha-
litis is frequently observed, with lymphocytic infiltrates in the muscularis 
of ventricular wall. Pancreatitis, myocarditis and myocarditis have also 
been documented. 

Here we present, two outbreaks of AE occurred in approximately14 day 
old Brown chickens on the same farm, approximately one year apart with 
unusual lesions. The chicks had a history of neurologic signs, increased 
morbidity and increased mortality. Eighty live chicks from flocks of 
10,000 and 15,000 birds respectively, were examined in the laboratory. 
Serology and histopathology was performed on the birds at different ages 
between 13 to 56 days. The majority of chicks were ataxic or down on 
both legs. Gross lesions were not evident. Microscopic lesions included 
encephalomyelitis with central chromatolysis in the spinal cord and brain, 
proventriculitis and ventriculitis in most chicks. Additionally, lymphocytic 
pancreatitis, myocarditis and myositis was observed in some birds. Unusu-
al lesions characterized by neuritis of peripheral nerves, ganglioneuritis of 
the myenteric plexus of the eosophagus, proventriculus, ventriculus and 
spinal ganglia. Iridocyclitis, choroiditis, and pectenitis otitis media and 
externa, adrenalitis, splenitis, nephritis and leiomyositis of the intestine 
and osteomyelitis were also among the unusual lesions. AE was confirmed 
with low titers in young birds that increased in older birds. Both outbreaks 
were related to improper or lack of vaccination in breeder flocks.
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P244 Protective effects of silymarin against cadmium induced renal 
and reproductive pathology in female japanese quail (coturnix 
japonica) Salman Butt*GS1, Muhammad Zargham Khan2, Ahrar Khan2, 
Muhammad Kashif Saleemi2, Muhammad Waseem Tahir2 1University of 
Georgia; 2University of Agriculture, Pakistan
Cadmium (Cd) is an immunotoxic environmental pollutant and a car-
cinogen which can accumulate to harmful concentration in body tissues 
through food and water source exposure. Silmyrin (SL), is a bioactive ex-
tract of milk thistle plant (Silybum marianum) and have cytoprotective 
effects against different toxicants. Present study was designed to evaluate 
Cd-induced renal and gonadotoxic effects in female Japanese quail and po-
tential ameliorative effects of SL against these toxic effects. One hundred 
and twenty quail chicks of four weeks of age were assigned into six groups 
and given basal feed, Cd1 (as 150 mg CdCl2 Kg −1 feed), Cd2 (as 300 CdCl2 
mg Kg −1 feed) and SL (as 250 mg Kg −1 feed) alone and in combination for 
60 days. Relative organ weights, serum biochemical analysis, gross and 
histopathological alterations in kidney and oviduct were noted. The data 
obtained from the experimentation were subjected to factorial analysis of 
variance and different group means were compared by Duncan’s Multiple 
Range test. The level of significance was 0.05 or lower (p≤0.05). Results 
revealed that cadmium significantly increased blood urea nitrogen, cre-
atinine, and serum activity of AST and ALT. Birds in cadmium treated 
groups had subjectively enlarged kidneys and atrophied oviducts, which 
was supported by increased mean kidney weights and decreased mean 
oviduct weights (P<.05). In the oviduct of Cd-fed chickens mucosal folds 
were short, mucus-producing tubular glands were collapsed, and nuclei 
were often degenerative to regenerative. The kidneys were disrupted by 
hemorrhages, tubular proteinaceous renal casts and interstitial infiltrates 
of mononuclear cells. On the other hand co-treatment with SL and Cd 
reduced gross and histopathological changes in kidney and oviduct along 
with urea and creatinine levels suggesting its protective role against Cd-
induced renal and gonadotoxic effects.

Key Words: Avian, Pathology, Cadmium, Silymarin

P245 Performance of coccidia challenged broiler chickens fed 
Gallinat® and Gallinat+® Greg Mathis*, Brett Lumpkins Southern 
Poultry Research, Inc.
Gallinat® and Gallinat+® are micro encapsulated essential oils, or a com-
bination of micro encapsulated essential oil / organic acid formulas that 
are fed to broiler chickens to improve performance. The objective of this 
study was to determine improvements in performance and a reduction in 
coccidiosis when Gallinat® and Gallinat+® is fed to broiler chickens. A 
randomized block design with 8 replications of 10 Cobb 500 off sex male 
chicks per cage was used, and P<0.05 was used to determine the level of 
significance. All birds were fed a commercial grade broiler starter diet, 
which was used for the dietary treatments. The treatments were T1 non-
medicated (NM) non-challenged (NMU), T2 NM challenged (NMI), T3 
Gallinat+® 300 ppm, and T4 Gallinat® 500 ppm. Chicks were placed in 
Petersime battery cages at day of hatch (d0) and issued treatment feed. 
Treatments were fed ad libitum (d0-28). On D14, all birds, except the 
NMU fed were challenged with E. acervulina (EA), 100,000 oocysts/
bird, E. maxima 50,000 oocysts/ bird (EM), and 75,000 E. tenella oocysts/
bird (ET). On d21, four birds per cage were scored for coccidiosis lesion 
scored (0-4) (LS). Birds and feed by pen were weighed at d0 (placement), 
d14 (challenge), d21 (lesion scores), and d28 (termination). The coccidial 
challenge significantly (p<0.05) reduced performance (lower wt. gain and 
increased FCR) of the NMI compared to NMU. Performance for all of the 
challenge birds was lower than the NMU at all infected weigh periods. 
However, T4 (Gallinat® 500 ppm) had significantly better wt. gain during 
the d0-28 and d14-28 periods, improved FCR at the d14-28 period com-
pared to the NMI birds. The coccidiosis infection as determined by lesion 

scores and oocysts counts (opg) was a heavy challenge. The avg. LS and 
OPGS for NMI were 2.43 LS and 164,447 OPG. Compared to NMI both 
Gallinat® and Gallinat+® significantly reduced LS and OPGS. There were 
no statistical differences in LS or OPGs between Gallinat+® 300 ppm and 
Gallinat® 500 ppm; respectively EA (2.5/2.6 LS), EM (1.7/1.7 LS), ET 
(1.1/1.4 LS) , avg. LS (1.8/1.9 LS) and total OPGS (63533/4301 OPG). 
This study demonstrated that feeding Gallinat+® 300 ppm and Gallinat® 

500 ppm has the potential to improve live performance and aid in the re-
duction of coccidiosis. 

Key Words: Eimeria, Coccidia, Gallinat, Broiler, Chicken

P246 Poulvac E. coli® trial in commercial broilers seeing unusually 
high E. coli mortality secondary to IBV variant DMV/1639 challenge 
Kalen Cookson*1, Taylor Barbosa1, John Dickson1, Jon Schaeffer1, Don 
Ritter2 1Zoetis, U.S. Poultry; 2Mountaire Farms
Newly emerging variant infectious bronchitis viruses (IBV) are a chal-
lenge to the broiler industry because today’s vaccine serotypes often don’t 
offer sufficient cross-protection. In contrast, Poulvac E. coli (PVEC) has 
been proven to protect birds against a variety of serotypes in both con-
trolled studies and the field. A broiler integrator on the Delmarva penin-
sula suffering from very high mortality (>8%) in some flocks last winter/
spring due to a high DMV/1639 challenge trialed PVEC to at least help 
reduce the high secondary E. coli losses.

Study Design: PVEC was given at day of age with ND/IB via coarse 
spray and again at 16 days in about half of these placements. Weeks of 
control flocks alternated with PVEC weeks for 9 total weeks. Complex 
A raises both 6.5 and 4 pound birds. Complex B raises 8.5 pound birds 
which also received a CEO ILT field boost. Treatments were compared 
based on performance and condemnations. Differences were not statisti-
cally analyzed and are only descriptive.

Results: Grower livability (>2 weeks) increased linearly in Complex A 
small (0.73% to 1.42%) and Complex B flocks (0.68% to 1.65%) going 
from 1 to 2 doses PVEC; Complex A large improved ~1% using 1 or 2 
doses. Adjusted feed conversion decreased linearly from 1 to 2 doses in 
Complex A large flocks by 0.9 pts and 2.3 pts, respectively. Airsac con-
demnations decreased linearly from 1 to 2 doses in Complex A small from 
0.57% to 0.41% to 0.27%, respectively. Cost per pound decreased linearly 
from 1 to 2 doses in all three bird sizes. Improvements on 2 doses PVEC 
were 0.42 cents (Complex A large) and 0.56 cents (Complex A small) and 
0.34 cents (Complex B). PVEC flocks were 5.8 times less likely to suf-
fer excessive grower mortality (>8%) in Complex B large (13.53% vs. 
2.35%) and 3.5 times less likely in Complex A large (19.28% vs. 5.56%). 
While there was a seasonal effect on the incidence of excessive mortal-
ity, the order of reductions from controls to PVEC treatments remained 
consistent.

Discussion: The most striking benefit of PVEC can be seen in the in-
cidence of flocks suffering from excessive mortality. This was the com-
pany’s biggest complaint coming out of last winter’s IBV challenge and 
reason for the trial. Total live cost is arguably the truest index of bird per-
formance and the PVEC cost savings alone paid for 1 or 2 full doses used 
across the board. Other costs such as running processing plants below full 
capacity or at reduced line speeds were not factored in but are often even 
more significant. Condemnation differences were seen in small birds (5.5 
weeks) but were not as apparent in large birds, perhaps because of the 
timing of IBV challenge (usually around 4 weeks of age) followed by 
secondary E. coli infections.

Key Words: IBV, E. coli, DMV/1639, mortality, Poulvac E. coli
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P247 Evaluation of the efficacy of different coccidiosis bioshuttle 
program and dietary capsicum-turmeric oleoresins as an alternative 
to AGPs on performance in broilers. Tina Yun-Ting Wang*1, Marilynn 
Finklin1, Charles Hofacre2, Greg Mathis3, Ben Johnson1, Tj Gaydos1 
1Huvepharma Inc; 2University of Georgia; 3Southern Poultry Research 
Group, Inc
Coccidiosis, caused by Eimeria species, is still the major intestinal disease 
in poultry industry. There has been a remarkable consumption of disease 
prevention and treatment. Bioshuttle program-coccidiosis vaccine com-
bined with ionophore is commonly used to prevent coccidiosis disease 
in USA; however, ionophore, considered as an antibiotic, cannot be used 
in ABF program. Since new VFD regulations are taking effect in 2016, 
more and more natural products, such as essential oil, probiotic, prebiotic, 
and yeast extract product, have been applied in the field as alternatives to 
AGPs. 

A total of 2400 one-day-old male broiler chicks were sprayed with coc-
cidiosis vaccine, randomly placed to 48 pens (6 treatments, 8 replicates) 
with build up litter and raised to 43 days of age. Feed conversion (FCR) 
and body weight (BW) data were documented at days 14, 35 and 43. Fecal 
samples from every treatment were collected, and oocyst counts were per-
formed every 4 days from day 7 to the end of study. Group 1 (G1): water 
soluble (WS) Amprolium between days 14-16; Group 2 (G2): Amprolium 
72.6g/ton in grower feed between days 15-35; Group 3 (G3): Amprolium 
113g/ton in grower feed between days 15-35; Group 4 (G4): capsicum-
turmeric oleoresins combination in diet from day 0 to day 43; Group 5 
(G5): Salinomycin 50g/ton in grower feed between days 15-35; Group 6 
(G6): no feed addition as a (negative) control group.

There was no significant difference in adjusted FCR (Adj. FCR) or weight 
gain at 14 days of age between groups. At 35 and 42 days of age, G3 
had the greatest weight gain and lowest Adj. FCR, followed by G5 and 
G4. Short duration of WS Amprolium 0.006% at Days 14-16 was nearly 
as effective as continuous use of a low dose (72.6 g/ton) of Amprolium 
from Days 15-35. This study indicated that capsicum-turmeric oleoresins 
combination product performed as efficiently as chemical and ionophore 
anticoccidial. Taken together, the present study showed that grower feed 
intake with high dose of Amprolium (113g/ton) resulted in highest weight 
gain.

Key Words: Coccidiosis, Bioshuttle

P248 Efficacy of live infectious bursal disease (IBD) vaccines in 
México. Nancy Christy*, Josue Sanchez Boehringer Ingelheim Mexico
According with the OIE infectious bursal disease (IBD) has constituted a 
serious problem for the poultry industry, and the recent ‘re-emergence’ of 
the infectious bursal disease virus (IBDV) in the form of antigenic variants 
and hyper virulent strains has been the cause of significant losses.

In recent years, very virulent strains of IBDV (vvIBDV), causing severe 
mortality in chicken, have emerged in Europe, Latin America, South-East 
Asia, Africa and the Middle Eastt. The aim of this paper is to present an 
up-to-date review of the control with live vaccines in broilers even when 
in Mexico reported IBD variants. 

In Mexico a 1000,000 broiler flock was divided in two groups in order to 
compare two different live Infectious Bursal Disease vaccines. The vac-
cines were administered to the chicks at 6 and 16 days of age via drinking 
water, according to the manufacturers’ instructions. All birds were moni-
tored for signs of disease (e.g. depression, inappetence, diarrhea). Serum 
samples were taken by jugular vein bleeding before vaccination and every 
week until 7 weeks of age. Antibody titers to IBDV were determined by 
Enzyme-Linked Immunosorbent Assay (ELISA). The ELISA technique 
was carried out according to the methods described by IDEXX Labora-
tories.

Every week monitored samples of bursa and fixed in 10% buffer formal-
dehyde for histophatologic study. FTA cards were collected until 5 weeks 

in order to find some variants. The samples were analyzed by Dr. Daral 
Jackwood in the Ohio State University.

Results showed protection after a field challenge and no significant statis-
tical difference in productive parameters between groups.
All vaccinated chicks were fully protected from the IBD field virus, as 
neither morbidity nor mortality associated with IBD was observed in the 
vaccinated chicks.

The live IBD vaccines use in Mexico can protect chicken against the lo-
cally IBD virus

Key Words: Infectious bursal disease, Gumboro disease, live ibd vaccine

P249 Experimental evaluation of combined application of live IBV 
and E. coli vaccines in broilers Harm Geerligs, Luuk Stooker, Kalen 
Cookson, John Dickson, Taylor Barbosa* Zoetis Inc
Infectious bronchitis (IB) virus and E. coli are infectious micro-organisms 
causing disease in chickens. Combined infection of these two pathogens 
causes severe losses to broiler production. Biosecurity and vaccination 
are the main tools to decrease the detrimental effects in commercial op-
erations. Poulvac IBMM+Ark® and Poulvac E. coli® are commercially 
available live attenuated vaccines to help protect chickens against the 
consequences of infection with virulent field strains of IB virus and E. 
coli, respectively. In this study, the effects of concurrent administration of 
Poulvac E. coli and Poulvac IBMM+Ark on the efficacy of both products 
were tested. 

Study Design. One-day-old broilers with maternally derived antibodies to 
IB virus were randomly divided into 4 treatments. The treatments were 1) 
Poulvac IBMM+Ark, 2) Poulvac E. coli, 3) PouIvac IBMM+Ark & Poul-
vac E. coli and 4) sterile water (non-vaccinated; placebo controlled). Vac-
cines were administered by spray soon after hatch. The treatment groups 
were kept in separate isolators up to D30, when they were challenged as 
follows. Half of the broilers were challenged with 104.0 EID50 of IB M41 
and the other half were challenged with 108.4 CFU of pathogenic E. coli. 
Groups with the same type of challenge were commingled after challenge 
and kept for observation during 7 days, when all birds were necropsied 
and lesions were scored.

Results. For IB protection both vaccine schedules where Poulvac 
IBMM+Ark was included rendered protection against challenge, yielding 
significant protection rates of 100% on ciliostasis scores. For E. coli pro-
tection, Poulvac E. coli alone or in combination with Poulvac IBMM+Ark 
provided significant protection against challenge, with decreased number 
of broilers with colibacillosis lesions upon necropsy.

Discussion: The results of this study indicate that the efficacy of Pouvac 
IBMM+Ark and Poulvac E. coli vaccines, in broilers with maternally de-
rived antibodies to IB virus, was not affected by the combined application. 
The findings also indicate that it is safe to apply both respiratory vaccines 
at the hatchery aiming protection against either disease later in life. These 
experimental results argue for further evaluation of the benefits of such 
combinations under field conditions to mitigate losses due to IB and E. 
coli.
Key Words: IBV, E. coli, M41, Ark, Poulvac E. coli
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P250 Efficacy of 2-Nitropropanol and 2-Nitroethanol to reduce the 
growth of Salmonella Enteritidis, Salmonella Heidelberg, Salmonella 
Kentucky and Salmonella Typhimurium in vitro P. A. Adhikari*GS1, D. 
E. Cosby2, N. A. Cox2, W. K. Kim1 1University of Georgia; 2USDA, ARS, 
U.S. National Poultry Research Center, PMSPRU
Foodborne bacterial enteropathogens are important to human health. With 
the potential for multidrug resistant bacteria, alternatives to the use of an-
tibiotics are being considered. The objective of this study was to determine 
the efficacy of two nitrogen-containing alcohols on the inhibition of the 
growth of four Salmonella serovars in vitro. Agar well diffusion assays 
were performed using 20 mm thick nutrient agar plates spread with ap-
proximately 105 cfu/mL of either Salmonella Enteritidis (SE), Heidelberg 
(SH), Kentucky (SK) or Typhimurium (ST). The wells were approximate-
ly 8 mm in diameter and capable of holding 100 µL of either 2-nitro-
ethanol (NE) or 2-nitropropanol (NP). All plates were incubated upright 
at 37oC overnight. Zones of inhibition were measured and recorded. In 
experiment 1, the concentrations of NE were 50, 75 and 100 mM, whereas 
concentrations of NP were 25, 50 and 75 mM. In experiment 2, NE con-
centrations were 25, 50 and 75 mM while NP concentrations were 12.5, 
25 and 50 mM. Two replications were conducted for each experiment. In 
experiment 1, all three concentrations of NP totally inhibited both SK and 
ST, whereas only 50 and 75 mM totally inhibited SE and SH. All three 
concentrations of NE totally inhibited ST, SK, SH and SE. In experiment 
2, for NP, the lowest concentration (12.5 mM) did not inhibit ST and the 
other concentrations exhibited moderate inhibition. SE, SH and SK were 
totally inhibited at 25 and 50 mM of NP. For NE, 25 mM of NE produced 
moderate inhibition, while 50 and 75 mM produced total inhibition of all 
four Salmonella serovars. Both of these compounds demonstrated zones 
of inhibition against the four Salmonella strains tested at different concen-
trations. Inhibition of the tested strains increased as the concentrations of 
NE and NP increased. Further in vivo research is planned to determine the 
efficacy of these compounds to decrease salmonella colonization in broil-
ers, breeders and leghorns.

Key Words: Well diffusion, 2-Nitroethanol, 2-Nitropropanol, Salmonella

P251 Biofilm growth on polyvinylchloride surface incubated in 
suboptimal quality warm water and effect of sanitizers on biofilm 
removal post biofilm formation Pramir Maharjan*GS1, Sonia Tsai2, 
Samantha Cox1, Geetha Phillips1, Wen Zhang1, Geraldine Huff2, Susan 
Watkins1 1University of Arkansas; 2USDA
Bacteria are able to flourish in poultry water systems and produce bio-
films. Birds remain vulnerable to microbial challenges from biofilms. 
Further, biofilms clog water pipes and filters, and thus, restrict water flow 
which can lead to poor flock performance. In this study we tried imitat-
ing poultry waterlines using sections made of polyvinylchloride (PVC), 
the material used for poultry house waterlines, and exposing it to warm 
suboptimal water (APC > 4 log10 cfu/ml) to grow biofilms. The objectives 
of our study were (1) to assess the extent of biofilm development that can 
occur on PVC surfaces when exposed to suboptimal quality water over a 
week period and (2) to evaluate the efficacy of water sanitizers on biofilm 
removal. For the trial, a total of 27 sterile test coupons (PVC sections- 
each 2.54 cm long and with an internal diameter of 1.90 cm) at the rate 
of 3 coupons immersed in 600 ml suboptimal water in a beaker utilizing 
9 beakers were used. Beakers were placed into a shaker set to 40 rpm to 
provide a gentle flow of water across the PVC sections. This was done 
to simulate water movement in a drinker line. Temperature on day one 
was set at 90oF (32.2oC) in the shaker and was lowered 1oF each day until 
day 7 in order to mimic brooding temperatures. On day 7, beakers were 
taken out of the shaker. All three coupons/beaker were individually rinsed 
with Buffered Phosphate Diluent (BPD) and transferred to another beaker 
that had 400 ml of autoclaved city water (at 70ᵒF). The same procedure 
of transferring coupons was carried out for rest of the beakers. After the 

coupons were transferred, one coupon from each beaker was aseptically 
removed, rinsed with BPD and then swabbed for determination of biofilm 
development. Three beakers each were then randomly assigned to either 
the control group (untreated) or one of the two treatment groups; T1- a 
chlorine based product (8. 25 %) and T2- a hydrogen peroxide based prod-
uct (30 % concentrate). Both the products were dosed at recommended 
bird drinking rate. Coupons were sampled and swabbed 24 and 48 hours 
post treatment for all the three groups. Residual sanitizer levels were mea-
sured during each sampling occasion. The trial was repeated. Test coupons 
used in trial 1 and trial 2 had the bacterial growth of 3.67 (SEM 0.04) and 
3.97 (SEM 0.11) log10 cfu/cm2 on day 7. After sanitizers application, T1 
removed biofilms completely (0 cfu/cm2) whereas T2 reduced the counts 
to 1.68 log10 cfu/cm2 (P<0.05). Control remained the same (P > 0.05). Re-
sults indicated that biofilms formation can occur quickly under suboptimal 
water condition on PVC surface, and sanitizer application help mitigate 
already formed biofilms. 

Key Words: suboptimal water, biofilms, sanitizers

P252 Preference of young chicks for varying radiant fluxes John 
Linhoss*GS1, Joseph Purswell2, Jeremiah Davis3 1Mississippi State 
University; 2USDA ARS Poultry Research Unit; 3Auburn University
The proper management of the thermal environment during brooding is 
critical to broiler performance. The effects of brooding temperature on 
performance are well documented, but there is little information concern-
ing thermal comfort in chicks. This study defines the preferences of chicks 
for varying radiant fluxes as produced by radiant heaters commonly used 
in the poultry industry. The specific objectives of this study were to: 1) 
develop a system to monitor the movement of chicks within a radiant flux 
gradient and 2) determine the range of radiant fluxes preferred by broiler 
chicks from 0 – 7 days of age. 

Forty-four Ross x Ross 708 broiler chicks were placed in two identical 1 
m x 4 m pens. Each pen was sub-divided into four 1 m2 quadrants. Chicks 
were allowed to move freely between the quadrants in a pen and were giv-
en equal access to food and water ad libitum. A heat lamp was suspended 
in the center of each quadrant 30.5 to 45.7 cm from a 7.6 cm bed of pine 
shavings. Identical thermal gradients were created in each pen by suc-
cessively lowering the power output of each lamp in adjacent quadrants. 
The radiant fluxes created by the lamps were 450, 175, 70, and 30 Wm-2. 
Air temperature was measured every minute at one location in each pen. 
Photos were taken of each pen every minute to track the movement of the 
chicks through the thermal gradient. The total number of chicks in each 
quadrant was counted at five minute intervals for the duration of the trial. 

Weighted mean radiant flux values were calculated for each five minute 
time interval and then adjusted using air temperature as a covariate. The 
radiant flux means preferred by young chicks were 352 and 314 Wm-2 at 
day 0 for pens 1 and 2, respectively, and decreased to 116 and 120 Wm-2 
by day 7. The decrease in daily radiant flux means was significant (p < 
0.0001) for days 0 – 4. The greatest variation in preferred radiant flux 
occurred at day 0 for both pens 1 and 2, with standard errors of 0.39 and 
0.28, respectively. The results indicate that the preference of young chicks 
for radiant flux decreases over the first week of life. 

Key Words: thermal preference, brooding, heaters, radiant heat

P253 The effect of pen size on water to feed ratio of broiler chickens 
Abdulmohsen Alqhtani*GS, Brian Fairchild, Michael Czarick The University 
of Georgia
The objective of the study was to investigate pen size effect on the water 
to feed ratio (WFR) of broiler chickens. A total of 594 Cobb male chicks 
were assigned to floor pens of 3 different sizes (20ft2, 30ft2, and 40ft2) with 
6 replicates of 33 birds each. Drinker line height and pressure were kept 
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the same in all pens. Water usage and feed consumption were measured 
daily and the WFR was calculated. Body weight was measured weekly 
and the feed conversion ratio (FCR) was determined. Data were analyzed 
weekly using analysis of variance. 

There were no significant differences in water usage, feed consumption, 
or FCR between the three treatments. The data showed that the WFR, 
within the first 3 weeks of age, did not differ significantly between the 
treatments. During the fourth and fifth week WFR significantly increased 
as pen size decreased (P= 0.01and 0.007 respectively). The fourth week 
WFR of 20ft2, 30ft2, and 40ft2 pen sizes was 1.98, 1.91, and 1.88 respec-
tively. The fifth week WFR of 20ft2, 30ft2, and 40ft2 pen sizes was 1.91, 
1.86, and 1.81 respectively. Birds in 20ft2 pens had a higher WFR than 
birds in 40ft2 pens. The WFR of birds in 30ft2 did not differ statistically 
from those in 20ft2 or 40ft2 pens. 

The data indicate that the smaller pens have higher WFR. This may be 
due to the tendency of broilers to mimic behaviors. The smaller the pen 
the closer the proximity of the birds to the drinker lines. If one bird drinks 
the other birds observe it and may be more likely to drink water out of 
mimicry more than need. In larger pens, the birds are more spread out and 
they may not be as likely to observe the drinking activity and less likely 
to mimic the behavior. 

Key Words: pen size, water usage, feed consumption

P254 Characterizing the broiler transport thermal environment 
Douglas Aldridge*GS, Karen Christensen, Susan Watkins, Yvonne Vizzier-
Thaxton, Yi Liang University of Arkansas
The transport of broilers from farm to processing plant potentially 
introduces a variety of stressors to the broiler with the greatest being ther-
mal environment extremes. The objective of this study is to evaluate the 
effects of ambient weather conditions during routine loading, transport, 
and holding on the thermal microenvironments that occur throughout the 
commercial transport vehicles. Using thermal loggers placed in a grid 
pattern with three tiers (top, middle, and bottom), three columns across 
the truck (driver, middle, and passenger) and five uniformly spaced cross 
sections spanning the length of the vehicle. Two loggers were also used 
to measure ambient conditions. Four wind loggers were used to measure 
wind speed on the side and interior of the truck. Results showed that dur-
ing a cool weather trip (ambient temperature ranging from 11.6 to 14.4 
degrees C), the thermal environment of the vehicle in transport remained 
uniform with a range of five degrees from 14.4 to 20 degrees C. The ther-
mal environment showed a greater range of temperatures while the vehicle 
remained in the holding shed where temperatures ranged from 10.5 to 23.3 
degrees C. On a warmer trip where the ambient temperature ranged from 
20.5 to 22 degrees C, the thermal environment during transport and hold-
ing periods at the processing facility showed a larger range (from 21.6 
to 30.5 degrees C) compared to the initial trip. Elevated temperature oc-
curred mostly in the middle columns of the interior sections. Ventilation 
was low within the interior section of the vehicle (wind speed averaged 0.4 
m/s) compared to that at the sides of the vehicle (2.6 m/s) during transit. 
Further research is needed to better identify the interactions of the many 
variables influencing the transport thermal environment.

Key Words: Broiler Transportation, Welfare, Thermal Environment

P255 Occurrence of white striping under commercial conditions in 
broiler chickens Nilsa Lima*GS1, Francieli Montagna2, Rodrigo Garcia2, 
Irenilza Nääs1, Fabiana Caldara2 1State University of Campinas; 2Federal 
University of Grande Dourados
The objective of this study was to determine the incidence of white strip-
ing in two commercial strains of broilers raised in aviaries negative pres-
sure. The experiment was conducted in a commercial processing plant in 
Brazil on 4,032 broilers chosen at random from 4 flocks (33,600 birds/
flocks) during a 2 months period (from May to June 2015). Broilers of 
both sexes strains of Ross and Cobb, the main commercial hybrids, were 

reared in aviary negative pressure (type tunnel ventilation) and slaugh-
tered at 45 d of age. Fillets showing no striping were classified as nor-
mal, whereas for those muscles with white striping appearance, it was 
determined whether the defect level was moderate or severe based on the 
intensity and thickness of white striation. The design was completely ran-
domized design with a 2x3 factorial design (Commercial strains: Ross and 
Cobb x Degree of white striping: normal, moderate and severe) with two 
replicates. The total incidence of white striped breast fillets was 20.14% 
(19.03 and 1.11%) in moderate and severe degree, respectively. There was 
interaction between the factors commercial strains vs. degree of white 
striping. Considering the effect of degree of white striping, the broilers of 
Ross strain exhibited a higher incidence of white striping of degree normal 
compared with Cobb birds (16.39 vs. 13.45%; P ≤ 0.05). The broilers Ross 
with moderate white striping exhibited lower incidence compared with 
Cobb birds (8.04 vs. 10.99%; P ≤ 0.05). The degree severe of WS showed 
statistically equal for both commercial strains of broiler chicken, Ross and 
Cobb (0.57 vs. 0.54%; P ≥ 0.05) In conclusion, the incidence of white 
striping in broiler under commercial conditions, among the broiler strains 
used and degree of white striping considered in the study, was higher for 
Cobb with degrees moderate and severe compared the Ross.

Key Words: white striping, commercial hybrids, broilers, breast fillet

P256 Stocking density impacts on production qualities of broilers 
raised without antibiotics Meghan Loper*GS, Amanda Mckeith California 
State University, Fresno
 In antibiotic free (ABF) broilers, enteric diseases, mainly coccidiosis 
and necrotic enteritis (NE), pose the biggest threat to the intestinal health. 
Through knowledge of litter condition and management, these diseases 
can be minimized. Stocking density for ABF houses are typically lower 
than those raised in conventional housing. With coccidiosis and NE being 
the main source of mortality and morbidity in ABF flocks, it is important 
to understand the relationship stocking density has on the prevalence of 
those enteric diseases. If there is no relationship between stocking density, 
coccidiosis and NE, broiler houses could maintain similar stocking densi-
ties as conventional housing.

Two stocking densities were selected for the study, a high stocking density 
(0.76) and a low density (0.90). The study had a total of 19,740 straight 
run Cobb broilers split into four pens. The experiment consisted of two 
pens with 4,203 broiler chickens and the other two with 5,355 broilers. All 
chickens were ad libitum fed the same diet from start to processing. Thirty 
chickens (15 males and 15 females) were randomly selected per pen for 
feed conversion. Disease involvement, body weights, cellulitis, and fecal 
contamination were analyzed as a one-way ANOVA. 

The greatest amount of significance exists between pen locations rather 
than between stocking densities. There was a difference (P<0.05) between 
stocking density and fecal contamination in the processing plant with 
the lower stocking density having the higher amount of contamination. 
Overall, condemned carcasses was higher (P<0.05) for the higher stock-
ing density. Body weights were also different amongst stocking densities 
(P<0.05) with the pens containing fewer chickens having higher weights.

Environmental factors such as location in the house were more influential 
in carcass weights, litter moisture, and cellulitis. While the stocking 
density differences were influential in fecal contamination and total con-
demned carcasses. 

Key Words: Stocking density, Antibiotic free broilers, Litter moisture

P257 The Performances and Succepatability of Different Commercial 
Broilers Hybreed to Leg Disorders Fereshte Gholami*, Farid 
Shariatmadari Tarbiat Modares University
This experiment was conducted to evaluate the performance and suscep-
tibility of different commercial broilers hybrid (B, A, C) to leg disorders 
parameters (Dyschonderoplasia, foot pad, hock burn, lameness). Each 



Poult. Sci. 95(E-Suppl. 1)270

ABSTRACTS OF PAPERS 77

sex of crosses was represented by four pens of 60 broilers each and for 
49 days. 

Weight increase, consumed food, food conversion coefficient and loss 
were calculated periodically, Ash, calcium and serum and Ash phospho-
rus , thyroid hormones levels and dyschondroplasia occurrence rate based 
on bone mineral density and moisture content in 28 and 49 days of age 
and scoring foot pad, lameness and hock burn were measured from age 
2 weeks .

Results showed that hybreed and sex had no significantly effect on to-
tal food consumption (p>0/05). a significant difference was observed in 
daily weight and food conversion coefficient among hybrids and gender 
(P<0/01). in hybreed with high growth ratio, Ash, calcium, serum, ash 
phosphorous and Thyroid hormones density levels were low and the oc-
currence skeleton disorders was different. Hybreed sensitive to dischon-
droplasia had low level of Thyroid hormones (P≤0/01) low ash level 
(P≤0/05), low level of calcium P≤0/05) , low level of phosphorus in bone 
(P≤0/05), low level of calcium and phospherous in serum at 28 and 49 
days of age (P≤0/05). Occurrence of Dyschondroplasia disordere by BMD 
method results, showed significant effect among hybreed at 28 and 49 
days of age (P≤0/05) but the sex and reciprocal sex and strain effect were 
not effective on appearance of this disorder and its related physiological 
parameters. The results of scoring hock burn diseases and foot pad showed 
that except fifth week which occurrence hock burn disease was mean-
ingful (P≤0/05) there was no significant effect in other weeks (P≤0/05). 
Conducted scoring to recognize lameness rate showed that the effects in 
week 6 and week 7 were significant (P≤0/05) but there was no signifi-
cantly difference aspect of sex and strain effect. In addition at 28 and 49 
days of age the wet rate in the litter was not influenced by strain, age and 
reciprocal effect (P≤0/05).

Key Words: broiler, different Commercial Broilers Hybrid, sex effect, 
Performance parameters, Leg Disorder

P258 Determining the Optimal Stocking Density of Meat Type Pekin 
Ducks Reared on Raised Floors Chelsea Phillips*, Zachary Lowman 
North Carolina State University
Commercial duck production in the United States has dramatically 
changed since its beginning over 60 years ago. In order to keep up with 
ever growing demands, commercial producers have had to shift from rais-
ing ducks in outdoor pastures with creeks to environmentally controlled 
houses. This change allows for an increased number of ducks companies 
can produce, helps to prevent the spread of disease from wild birds, and 
maintains a cleaner environment for the growing ducks. Today’s commer-
cially raised ducks are reared in 3 main types of houses: litter, wire, or a 
combination of both. Each method has its’ pros and cons; houses that uti-
lize litter require more work, and typically have higher labor and bedding 
cost in order to keep the litter clean and dry, due to the fondness of ducks 
to water. In houses that are not well maintained increased foot pad lesions 
can be seen. Litter houses typically have less joint problems when litter is 
properly maintained. Raising ducks on wire or slat flooring requires less 
daily work and creates a cleaner environment for the ducks, but can occa-
sionally cause joint problems due to the birds standing on the slats for long 
periods of time. For this trial 2,280 meat type Pekin ducklings were raised 
in a house with slated floor at 4 different stocking density’s A)1.66 ft2, B) 
1.4 ft2, C)1.25 ft2, D)0.85 ft2. Each treatment group contained 95 duck-
lings, with 6 replicates for each group. Significant differences (P≤0.0086) 
were observed in 21d body weights between A (3.56 lb) and D (3.44 lb), 
B and C did not differ significantly (3.49 lb, 3.47lbs). Similar results were 
found at 41 day just prior to processing. Birds in group A (7.64lb) were 
significantly (P≤0.022) heavier than ducks from D (7.43lb). The weights 
of A birds did not differ significantly from B or C weights. There were 
no significant difference in FCR and though no significant differences in 
mortality were observed between the groups, mortality was slightly higher 
in group D. From this trial it appears that ducks may be raised at densities 
as small as 1.25ft2 without impacting growth and overall bird health.

Key Words: Pekin Ducks, Stocking Density, Square Footage, Body 
Weight, Raised Flooring

P259 Biofilm development on polyvinylchloride surface when 
exposed to low microbial content warm water under treated and 
untreated conditions Pramir Maharjan*1, Sonia Tsai2, Samantha Cox1, 
Geetha Phillips1, Wen Zhang1, Geraldine Huff2, Susan Watkins1 1University 
of Arkansas; 2USDA
Microbial biofilms, thin films harboring various microbes, can easily be 
formed in drinker lines in poultry houses over time due to gradual ac-
cumulation various minerals, dirt, rust and algae. Birds remain vulner-
able to microbial challenges from biofilms. Further, biofilms clog water 
pipes and filters, and thus, restrict water flow which can lead to poor flock 
performance. An in vitro experiment was performed to determine if bio-
film would develop whenpolyvinylchloride (PVC) surface (material used 
for poultry waterlines) was exposed to water containing a low microbial 
contentand also determine if biofilm development would be influenced 
by adding a sanitizer to warm, slow moving water (simulating brooding 
conditions). Prior to the experiment, the test water was analyzed for min-
eral content. Two trials were conducted. Biofilm was grown using sterile 
test coupons (PVC sections-2. 54 cm long and internal diameter of 1. 90 
cm). Two coupons were immersed in 600 ml water in a beaker. 9 beakers 
were utilized similarly with a total of 18 coupons.Three beakers (T1) were 
treated with chlorine (Cl) based product (8. 25 % sodium hypochlorite) 
and other three (T2) with hydrogen peroxide (HP) product (30 % concen-
trate). Both products were dosed at the recommended bird drinking rate 
at d1. Three untreated beakers served as controls (T3). All beakers and 
coupons were placed within a shaker moving at 40 rpm to provide a gentle 
linear movement of water inside beakers, and across coupons and held at 
32.2 ᵒC on day 1 then lowered one ᵒC each day until day (d) 7. Trial 2 was 
run until d10, where after d7, only half a ᵒC was reduced per day. Both the 
sanitizers used were dosed once on d4with Trial 1 and twice on d 4 and d7 
with trial 2, and sanitizer residuals were measured before and after dosing 
of the products. Coupons and test water were sampled for all treatments 
on d3 and d7 for Trial 1, whereas for Trial 2, it was sampled on d3 (only 
test water), d7 and d10. Trial 1, initial test water APC was zero cfu/ml. Test 
water samples and coupons had no bacterial growth for all treatments on 
both the sampling occasions. Trial 2 test water initial APC was 3.07 log10 
cfu/ml. T3 and T2 (HP treated) had APC growth in both test water (2.5-3.0 
log10 cfu/ml) and coupons (2- 2.5 log10cfu/cm2) on sampling days with no 
difference (P > 0.05). Whereas, T1 (Cl treated) completely eliminated bac-
teria (0 cfu/ml) in test water and inhibited biofilm growth in test coupons 
(≤ 0.2 log10cfu/cm2) during sampling days (P < 0.05). This experiment 
showed that biofilm can develop in minimally contaminated water even 
in the presence of sanitizers yet chlorine was more effective in limiting 
this development. 

Key Words: low microbial content water, biofilms, sanitizers

P260 Gait score in broilers raised in dark house and tunnel Beatriz 
Roriz*1, Cristina Ayala1, Rodrigo Garcia1, Sarah Sgavioli1, Irenilza Nääs1, 
Fabiana Caldara1, Carla Heloisa Domingues1, Luiz Gustavo Rombola2 
1Federal University of Grande Dourados; 2Animal Scientist
The evaluations of locomotor problems are very important tool in man-
agement decision in the raising of broiler chickens, it is necessary to en-
sure the success and sustainability of broilers. This study evaluated the 
incidence of gait score in broilers, raised in reused litters (7 times) in two 
types of negative pressure systems (dark house and tunnel). The design 
was completely randomized in a factorial design 2x4x2, with two systems 
(dark house and tunnel), four quadrants Q1 (air inlet and high moisture), 
Q2 (near air inlet) Q3 (close to exit air) and Q4 (air outlet), both sexes (male 
and female) with six replicates per treatment, totaling 96 birds. To evaluate 
the gait score at 42 days of age the birds were randomly selected, observed 
subjectively and ranked 0 to 5, with 0 being considered normal and 5 birds 
not walked when standing and the remaining birds were ranked in the 



271Poult. Sci. 95(E-Suppl. 1)

78 ABSTRACTS OF PAPERS

intermediate steps of these ratings. The data were submitted to analysis 
of variance (SAS version 9.2), and subject to the verification model (ho-
mogeneity and normality), the analysis of variance was performed with 
the chi-square test in a probability of 5 %. There was no effect (P <0.05) 
for gait score of birds. However, the incidence of gait score distributed in 
notes 1, 2 and 3 were higher for tunnel system (64.58%) compared to the 
dark house system (52.08%) at the same scale rating. Decreased incidence 
gait score occurs in the middle of the tunnel system close to the air inlet Q2 
where 37.50% of the birds have difficulties for walking, followed by the 
animals housed close to air inlet and high moisture Q1 (58.33%), the birds 
close to the air outlet Q4 (66,67 %) and at the center of the tunnel system 
close to the air outlet Q3 (69.57%). Males birds had more difficulty to 
walk (71.43%) compared to the females (50.00%). In conclusion, the data 
show that the areas where the birds are housed, types of negative pressure 
systems and sex can influence with the gait score more studies should be 
performed in the different types of negative pressure systems to determine 
the efficiency of the facility.

Key Words: lesion, locomotion, locomotor problems, negative pressure, 
raising systems

P261 Spondylolisthesis in broilers raised in dark house and tunnel 
Cristina Ayala*1, Rodrigo Garcia1, Sarah Sgavioli1, Beatriz Roriz1, Irenilza 
Nääs1, Fabiana Caldara1, Carla Heloisa Domingues1, Luiz Gustavo 
Rombola2 1Federal University of Grande Dourados; 2Animal Scientist
The evaluations of locomotor problems (spondylolisthesis) are very im-
portant tool in management decision in the raising of broiler chickens, it is 
necessary to ensure the success and sustainability of broilers because the 
incidences of locomotor problems are associated with high mortality rates. 
This study evaluated the incidence of locomotor problems spondylolisthe-
sis in broilers, raised in reused litters (7 times) and in two types of nega-
tive pressure systems (dark house and tunnel). The design was completely 
randomized in a factorial design 2x4x2, with two systems (dark house and 
tunnel), four quadrants Q1 (air inlet and high moisture), Q2 (near air inlet) 
Q3 (close to exit air) and Q4 (air outlet), both sexes (male and female) 
with six replicates per treatment, totaling 96 birds. At the commercial 
slaughter 42 days of age, spondylolisthesis was measured by analyzing 
the integrity of the vertebrae. For this the spine was sawn lengthwise in 
the middle region with band saw. The birds were only classified as hav-
ing or not the deformity. The data were submitted to analysis of variance 
(SAS version 9.2), and subject to the verification model (homogeneity 
and normality), the analysis of variance performed with the chi-square 
test to a probability of 5 %. There was no effect (P <0.05) the incidence of 
spondylolisthesis in the birds. However, the incidence of spondylolisthesis 
lesion remained below 40% for both types of negative pressure systems. 
The broilers housed in the Q2 and Q4, had a higher rate of spondylolis-
thesis lesions (50%), when compared to the poultry located in the air inlet 
Q1 and Q3 (25%). In conclusion, the data show that the areas where the 
birds were housed and types of negative pressure systems can lead to dif-
ferences with respect to spondylolisthesis index, more studies should be 
performed in the different types of negative pressure systems to determine 
the efficiency of the facility.

Key Words: lesion, locomotion, locomotor problems, negative pressure, 
raising systems

P262 Storage period of quail egg affects weight loss of eggs Beatriz 
Roriz*1, Sarah Sgavioli1, Rodrigo Garcia1, Irenilza Nääs1, Carla Heloisa 
Domingues1, Fabiana Caldara1, Cristina Ayala1, Luiz Gustavo Rombola2 
1Federal University of Grande Dourados; 2Animal Scientist
The storage period can influence the eggs quality. Prolonged periods of 
storage will increase embryonic mortality the aimed of this study was to 
evaluate the effects of storing day and weight loss, surface temperature, 
hatchability and embryonic mortality of eggs from Japanese quail. Two 
hundred fertile eggs of Japanese quail (Coturnix coturnix japonica) with 
30 weeks of age were used. The eggs were collected in 10 consecutive 

days, always after laying to be hatched. The experimental design was 
completely randomized (DIC), with 10 treatments, corresponding to the 
days of the storing period, between laying and incubation, with 20 repeti-
tions per treatment. Data were analyzed by the GLM procedure of SAS 
and if effect (P <0.05) the means were compared by Tukey test. Increasing 
the storing period resulted in bigger weight loss from the 6th day of storing, 
average of 2.1% between treatments and reaching 3.26% of weight loss 
in the group stored for 10 days. The better hatching rate (P> 0.05) was 
obtained in the second day of storage, corresponding to less weight loss of 
the eggs (1.20%). There was no increase in surface temperature with the 
increase in storage days (P> 0.05), however, during the incubation treat-
ments increased the surface temperature of the eggs (P <0.05) at 10 and 
15 days of incubation. Eggs stored for ten days have bigger weight loss, 
so it is recommended that the eggs to be stored for up to five days, so this 
way, the quality of incubated eggs of Japanese quails with 30 weeks of 
age is maintained. Furthermore, since the second half of incubation we 
had increase in the surface temperature of the eggs due to the increase of 
the embryo metabolism.

Key Words: Coturnix coturnix japonica, hatchability, incubation, storage, 
storing

P263 Negative pressure systems and housing position influences the 
broiler breast surface temperature Cristina Ayala*1, Rodrigo Garcia1, 
Sarah Sgavioli1, Beatriz Roriz1, Irenilza Nääs1, Fabiana Caldara1, Luiz 
Gustavo Rombola2 1Federal University of Grande Dourados; 2Animal 
Scientist
The environment that the birds are subject is regarded as a key aspect in 
the success or failure of the broilers rearing. Among the environmental 
factors, the temperature condition will compromise the maintenance of 
the bird’s homoeothermic behavior. This study was performed to evaluate 
the temperature of broiler breast, rearing in reused litters (7 times) and 
in two types of negative pressure systems (dark house and tunnel). The 
design was completely randomized in a factorial design 2x4x2, with two 
systems (dark house and tunnel), four quadrants Q1 (air inlet and high 
moisture), Q2 (near air inlet) Q3 (close to exit air) and Q4 (air outlet), 
both sexes (male and female) with six replicates per treatment, totaling 96 
birds. With the use of an infrared thermographic camera Testo® the im-
ages of the broilers breasts were recorded at 8am of the day that the birds 
had completed 42 days of age. To evaluate the thermographic images were 
taken six points at random on the images collected in the breasts area of 
the broilers, to the images processing was used Testo IRSoft® software, in 
order to extract the temperature values. The data were submitted to analy-
sis of variance (SAS version 9.2), and subject to the verification model 
(homogeneity and normality), in the case of effect (P <0.05), the means 
were compared by Tukey test. There was a significant effect (P <0.05) on 
breast temperature of broilers and the four quadrants. The negative pres-
sure system tunnel has a higher average breast surface temperature (36.79 
° C) when compared with the dark house (35.80 ° C) (P <0.05). For ana-
lyzed quadrants, the lowest temperature of the breast is the birds housed 
in the air outlet Q4 (35.61 ° C) when compared to the other quadrants (p 
<0.05). In conclusion, the data show that the negative pressure system and 
the quadrant where the birds were housed influences the breast surface 
temperature, with lower temperature to birds raised in dark house system 
in the air outlet Q4, which can promote the regulation of his homoeother-
mic behavior.

Key Words: negative pressure, raised systems, temperature, 
thermographic imaging, thermography.

P264 Broiler surface temperature and behavioral response under two 
different light sources Beatriz Roriz*, Rodrigo Garcia, Fabrício Araújo, 
Irenilza Naas, Fabiana Caldara Federal University of Grande Dourados
Light is an important environmental variable for the regulation and control 
of broiler behavior. Some light sources may also add heat to the rearing 
environment, and indirectly affect the heat exchange between the birds 
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and the environment. This study aimed at investigation the surface tem-
perature and behavioral response of broilers reared in an environment with 
monochromatic light emitted diode (LED). Broilers were reared inside 
commercial dark houses under two treatments: fluorescent or LED light 
sources. Bird surface temperature and behavior was monitored from the 
first day of grow-out. The houses were virtually divided in four quadrants, 
and the variables were monitored in the geometric center of each quadrant. 
Surface temperature results were mapped, behavioral responses were di-
vided as normal and abnormal, and their interaction with light source was 
tested. Broiler surface temperature in both houses presented lack of homo-
geneity, independently of the light source. No effect of the light source on 
any of the evaluated behavior was found in the present study. The long life 
and energy savings obtained with the LED light source suggest its use in 
broiler production.

Key Words: Monochromatic light, LED, welfare, broiler activity

P265 Surface Temperature of broilers under Water Diet with Lemon 
Grass (Cymbopogon citrates Stapf) Nilsa Lima*, Silvana Simm, Rodrigo 
Garcia, Irenilza Nääs, Fabiana Caldara Federal University of Grande 
Dourados
The management process is considered an important pre-slaughter be-
cause phase criticizes production, where broiler suffer with fasting, har-
vesting and transportation. This stress accelerates the metabolism causing 
increased the surface temperature of the birds. Thinking of well-being in 
this study aimed to pre-slaughter evaluate the surface temperature of broil-
ers subjected to water diet with different levels of Lemon Grass (Cymbo-
pogoncitratusStapf) in slaughter through the registry of Thermographic 
images with the aid of infrared Thermographic camera. 2784 birds from 
the strains used were Cobb and Ross, distributed in 48 boxes of 4.5 m2 
built conventionally with feed and water ad libitum until slaughter age to 
42 days. The experimental design used was totally randomized, organized 
in factorial arrangement 3x2x2, with three concentrations of Lemon Grass 
(CymbopogoncitratusStapf) (0, 1, and 5 g), two genders and two strains 
(Cobb and Ross). To 42 days of age the birds passed through fasting food 
of 6:00 hours, being subjected to water diet with three layers of lemon 
balm grass in the form of infusion provided the will at a watering hole 
used in every period of creation. The results analyzed by infrared thermog-
raphy showed different surface temperatures, and the higher temperatures 
that are located in areas devoid of feathers and the results of the infusion of 
lemon grass (Cymbopogon citrates Stapf) in drinking water do not exerted 
influence significantly to reduce the surface temperature of the birds dur-
ing the pre-slaughter period.

Key Words: stress, Thermographic images pre-slaughter, well-being, 
phytotherapeutic

P266 FIELD OBSERVATIONS: Insect populations on mixed grasses 
versus alfalfa pastures Jacqueline Jacob*1, Blake Newton1, Anthony 
Pescatore1, H. David Gillespie1, Siddhartha Dasgupta2 1University of 
Kentucky; 2Kentucky State University
One of the perceived benefits of pasturing poultry is access to a variety 
of insects that the birds are able to consume to supplement a mixed feed. 
The observations reported here are from sweep net collections from three 
sites on a grass or alfalfa field on two different dates during the same sum-
mer. For the first collection the sites were 10 ft x 10 ft, but the area was 
expanded to 15 ft x 15 ft for the second collection. The collections were 
frozen and later identified by an entomologist and sorted by taxonomical 
order. For both the grass and the alfalfa the main insects identified were 
from the order Hemiptera and more so in the alfalfa (32.8% for grass plots 
and 89.2% for the alfalfa), although they varied in suborder grouping. For 
the grass, the majority of insects in the order Hemiptera were from the 
suborder Auchenorrhyncha (free-living insects) while for the alfalfa the 
majority of the insects were divided between the Suborder Heteroptera 
(true bugs) and Auchenorrhyncha. The grass had the highest number of 
insects collected (610 in the grass and 408 in the alfalfa). The grass also 

had the highest number of spiders collected (44 in grass versus 1 in the al-
falfa). The results confirm earlier observations that insect populations vary 
depending on the pasture crop but in this study the grass had more insects 
and spiders (654) than the alfalfa (409). The observations confirm that dif-
ferent pasture crops will attract different insects and spiders. The number 
of insects and spiders varied between days (1.3/sq ft in the first collection 
and 34.9/sq ft in the second for the grass and1.0/sq ft in the first collection 
and 20.5/sq ft in the second for the alfalfa). The low collection of insects 
in the first collection vs. the second collection illustrates the seasonality of 
insect populations; therefore, pasture poultry producers cannot depend on 
insect consumption as a significant nutrition source for their birds.

Key Words: pasture poultry

P267 Stress assessment complications by hematology – reactive 
clusters, leukergy, and white emboli Paul Cotter* Cotter Laboratory
ABSTRACT: The purpose of the poster is to describe examples of atypi-
cal cells of circulating blood of caged hens. Wright stained blood samples 
obtained at 48 wk are the source of the data. Multiple standard differential 
counts of 200 leukocytes each (SDC) were used to sort leukocytes into 
10 morphological categories. Lymphocytes were small (resting), medium 
(reactive) and atypical types. Cytologic atypia included individual cells 
and groups of cells (reactive clusters, RC). “Leukergy” will describe 
RC’s predominated by heterophils, and “white emboli” describes RC’s 
composed of other leukocytes and mixtures. All were common features 
of caged hens not otherwise manipulated. Reactive basophils were also 
common. Some RC’s contained mixed proportions of necrotic and healthy 
cells. Both free and phagocytosed bacteria were common features of the 
SDC. Fungal forms were occasionally detected. When RC’s are common 
features of the SDC, determination of H/L ratios and cellularity (total 
white blood cell count, TWBC) are a challenge. Photomicrographs of 
RC’s of 8 samples are illustrated to convey their complex nature.

Key Words: reactive clusters, leukergy, white emboli, caged hens, 
welfare, white emboli caged hens, welfare, caged hens, welfare

P268 Influence of light sources and photoperiod on growth 
performance and carcass characteristics of heavy broilers at 56 days 
of age. Hammed Olanrewaju*, Joseph Purswell, Stephanie Collier, Scott 
Branton USDA-ARS
There are few studies on how new light sources impact growth perfor-
mance of broilers grown to heavy weights (> 3.0 kg) with conflicting 
reports. The influence of light sources and photoperiod was evaluated 
on growth performance and carcass characteristics of heavy broilers in 
2 trials. A total of 720 1-d-old Ross × Ross 708 chicks were randomly 
distributed into 12 rooms (30 male and 30 female chicks/room). The 4 
light sources consisted of incandescent (ICD, standard), compact fluo-
rescent (CFL), light emitting diode (LED), and poultry specific filtered 
LED (PSF-LED) from d 0 to d 56 and 3 photoperiods (long/continuous 
[23L:1D] from d8-d56; regular/intermittent [2L:2D], and short/non-inter-
mittent [8L:16D] from d8-d48 and 23L:1D from d49-d56, respectively) 
at 50 % RH. Birds were provided a four phase-feeding program (Starter, 
Grower, Finisher, Withdrawal) with feed and water provided ad libitum. 
Birds and feed were weighed on 1, 14, 28, 42, and 56 d of age for growth 
performance. All mortality were recorded daily and FCR was adjusted for 
mortality. At 56 d of age, 20 (10 males and 10 females) birds from each 
rooms were processed to determine weights and yields. The BW, BW gain, 
live weight and carcass weights of birds reared under PSF-LED were dif-
ferent (P ≤ 0.05) in comparison with birds reared under ICD, but FI, FCR, 
mortality fat, fillet and tender weights and yields were not affected by 
treatments. Also, broilers subjected to short/non-intermittent photoperiod 
had the lowest (P ≤ 0.05) BW, BW gain, FI, carcass weight, fillet and ten-
der weights and carcass yield as compared with values obtained for long 
and regular/intermittent photoperiods. Feed conversion, mortality, fat and 
yield were not affected by treatments. Also, there was no light sources × 
photoperiod interaction observed for all variables. Plasma corticosterone 
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concentrations were not affected by treatments, suggesting an absence of 
physiological stress. In conclusion, the 3 light sources evaluated in this 
study are suitable to replace ICD along with regular/intermittent photope-
riod in commercial poultry facilities, thereby reduce energy costs and op-
timize production efficiency thereby reducing the total cost of production 
without compromising the welfare of broilers grown to heavy weights.

Key Words: light sources, photoperiod, growth performance, broilers, 
stress

P269 A simplified dilution method for detection of Campylobacter in 
broiler ceca Douglas Cosby*, Nelson Cox, Mark Berrang U.S. Department 
of Agriculture
Campylobacter species, a leading foodborne pathogen, is linked to poul-
try. Development of intervention strategies depends on the ability to rap-
idly and consistently recover and estimate the number of bacteria present. 
The objective of this experim ent was to validate a semi-quantitative meth-
od for detection of Campylobacter in broiler ceca. Viscera from a local 
processing plant were collected at the evisceration line, placed into sterile 
bags and transported on ice to The US Poultry National Research Center. 
Ceca (n=20) were separated, divided into six equal pieces and two pieces 
were placed into each of 3 stomacher bags. Ceca portions were diluted 
1:3 (w/v) with Tecra® broth (TB) and inoculated with approximately 101, 
103 or 105 cfu/mL gentamicin resistant C. coli (CCGR). Inoculum numbers 
were confirmed by plate count. Ceca portions were stomached for 60 s and 
CCGR were enumerated using two methods. First method: Serial dilutions 
were performed in 0.85% NaCl, plated onto Campy-cefex agar with 200 
ppm gentamicin (GCefex). Following microaerobic incubation at 42oC 
for 48 h, characteristic colonies were counted and the numbers were log 
transformed. Second method: The 3-swab method was completed. Briefly, 
two swabs were placed in the diluted ceca, one swab was used to apply 
material to a GCefex plate (A plate) a second swab was placed into 9.9 mL 
of TB without supplements and vortexed; a third swab was inserted into 
the TB and used to apply diluted sample onto a second GCefex plate (B 
plate). For negative samples (A and B plates), a fourth swab was placed 
into the enriched sample bag and streaked onto a third GCefex plate (C 
plate) and incubated as above. A paired T-test was used to compare counts 
found by both methods to the number of cells inoculated into the cecal 
sample. At all inoculum levels, the standard serial dilution method resulted 
in significantly fewer CCGR recovered than were inoculated. By contrast, 
the simplified method recovered all inoculated CCGR when the inoculum 
was at either the 103 or 105 levels. At an inoculum of 101, neither method 
was efficient. These results suggest that the simplified 3 swab method is 
adequate to recover Campylobacter from broiler ceca, especially when 
colonized at ≥103 cfu/g.

Key Words: Recovery, Campylobacter, broilers, ceca

P270 Persistence of artificially inoculated Salmonella and 
Campylobacter in the ceca, spleen and liver/gall bladder of broiler 
chicks Nelson Cox*1, Douglas Cosby1, Jeanna Wilson2, Beverly Mclendon2, 
Mark Berrang1 1U.S. Department of Agriculture; 2University of Georgia
Salmonella and Campylobacter are two leading causes of bacterial in-
duced diarrheal disease in the United States and the world. Poultry is one of 
the major vehicles transmitting these microorganisms to humans. Several 
body openings of the newly hatched chick may be exposed to these micro-
organisms in the hatchery and early grow-out environment. The objective 
of this study was to determine how long artificially inoculated Salmonella 
or Campylobacter would persist in the ceca, spleen and/or liver/gall blad-
der (LG) of broilers. Day old broiler chicks from a local hatchery were 
housed on wire in isolation units (IUs) or floor pens on litter at the Uni-
versity of Georgia Poultry Research Farm. Each chick was orally gavaged 
with 103 cells of either a nalidixic acid resistant Salmonella Typhimurium 
(STNR) or a gentamicin resistant Campylobacter coli (CCGR). After various 
intervals, the birds were humanely euthanized by cervical dislocation and 
the various organs aseptically sampled for STNR or CCGR. After one week 

in IUs, 10/10 samples of ceca, spleen and LG were positive for STNR. After 
two weeks, 10/10, 9/10 and 10/10 were positive in ceca, spleen and LG, 
respectively. After 3 weeks on litter, 5/5, 4/5 and 3/5 samples were positive 
for STNR in the ceca, spleen and LG, respectively and at 6 weeks on litter, 
all organs sampled were negative for STNR. For CC, after one week in IUs, 
10/10, 10/10 and 3/10 samples of the ceca, spleen and LG were positive, 
respectively. At week two in IUs, 10/10, 4/10 and 7/10 of ceca, spleen 
and LG were positive for CCGR, respectively. On litter at 3 weeks, 5/5, 
1/5 and 2/5 ceca, spleen and LG, respectively, were positive for CCGR and 
after 6 weeks, 5/5, 5/5 and 0/5 were positive, respectively, for CCGR in the 
ceca, spleen and LG. Both STNR and CCGR translocated and persisted two 
weeks in the IUs, at a greater extent for STNR. On litter after 6 weeks, no 
STNR was recovered from any samples, but for CCGR, all ceca and spleen 
samples were positive and all LG were negative. These data demonstrate 
that translocation and persistence differ for STNR and CCGR for the various 
aged broilers held in either IUs or on litter. Additional studies are planned 
to further understand these differences.

Key Words: Persistence, Salmonella, Campylobacter, broilers, 
translocation

P271 Using White with Red LED Lighting to improve hatchability 
and chick quality in broilers and layers Gregory Archer1, Juliette 
Delabbio*2 1Texas A&M University; 2ONCE Innovations Inc.
Commercial chicken eggs are often incubated in complete darkness, al-
though in nature they would receive some light exposure. Previous work 
has shown that layer and broiler eggs filter light differently and that white 
light could improve hatchability in broiler eggs but not layer. It was hy-
pothesized that due to the difference in pigment of the eggshells that utiliz-
ing the inclusion of red light would improve hatch in white eggs similarly 
to that observed in brown eggs using white light. To determine if there is 
an effect of exposing embryos to an LED light that contained both white 
and red light we incubated broiler (n = 4320) and layer eggs (n = 4608) 
using the ONCE Innovations Inc. JLL LED light at 250 lx. Hatchability 
and embryo mortality, and chick quality were all evaluated. ANOVA was 
performed on all data with significance at P > 0.05. Light was observed 
to increase hatch of fertile over dark (broilers: 82.0 ± 2.5%; layers: 58.6 ± 
9.2%) in both broilers (86.9 ± 1.5%, P = 0.04) and layers (79.2 ± 2.8%, P = 
0.05). Chick quality was improved in both broiler and layer eggs with any 
light exposure when compared with dark incubation. Broiler eggs exposed 
to light (0.78 ± 0.04) improved (P = 0.03) the proportion of non-defect 
chicks over dark (0.59 ± 0.03) incubated eggs. Similarly, layer eggs show 
the same trend (0.72 ± 0.03) with improved (P = 0.001) the proportion of 
non-defect chicks over dark (0.47 ± 0.05) incubated eggs. The main im-
provement in both types of chicks was an increased proportion of healed 
navels at hatch. There was no difference in any other chick quality or em-
bryo mortality measures (P > 0.05). These results indicate that red light is 
possibly the key spectrum to improving hatchability. Utilizing this type 
of LED light that has both white and red light combined makes it useful 
in both broilers and layers. Utilizing this type of light can improve the ef-
ficiency and quality of hatching chicks.

Key Words: Incubation, Light, Hatchability, Chick Quality

P272 Supporting practice change on-farm: modifying hatching egg 
washing practices Brenda Schneider*1, Jessica Josephson1, Gary Gensler1, 
Nancy Robinson2, Valerie Carney1 1Alberta Agriculture and Forestry; 
2Alberta Hatching Egg Producers
Washing hatching eggs is a contentious practice in the hatching egg indus-
try. Peer-reviewed research requires distillation of information to a level 
that is practical and applicable on-farm for farmers with varying levels of 
education and experience. This project identified cleaning methods com-
monly used in Alberta; demonstrated efficacy of each method in reducing 
microbial load with the intent of changing on-farm egg washing practices. 
The level of practice change within the industry was measured via survey 
6 months after completion of the study.
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According to Alberta Hatchery Association guidelines eggs are classified 
as: clean (no visible dirt); settable (dirt < dime size), dirty (dirt between 
dime and quarter size) and unsettable (dirt > quarter size). Aerobic colony 
counts (ACC) for each category were determined on-farm by rinsing 40 
eggs from each category for 1 minute in 99mL of Butterfields phosphate 
buffer. Buffers were delivered to the lab and stored at 2-7 °C overnight. 
The next day rinses were serially diluted in 0.1% peptone; dilutions were 
plated in duplicate using Plate Count Agar. After agar solidified, plates 
were incubated at 35°C for 48h and colony forming units (CFU) counted. 
Duplicate counts were averaged and reported as CFU/mL of rinse. 

Clean and settable eggs are shipped as-is; unsettable eggs should be dis-
carded. Good management practices will limit dirty eggs and should be 
a priority on farm; however, properly cleaned dirty eggs may be shipped 
safely. Alberta producers were surveyed to identify common cleaning 
methods; each was used to clean 25 dirty eggs (n=275) and ACC was 
determined for each.

The 11 cleaning methods were then ranked in order of efficacy while also 
considering ease of use, cost and consistency: egg washing machine; aer-
ated agitation (AA) in egg wash (EW); Clorox wipes (5 eggs per wipe); 
running water; add eggs to water + EW and soak; AA in water; add water 
to eggs and soak; add water + EW to eggs and soak; add eggs to water and 
soak; abrasive sponge and sandpaper. 

Results and washing concepts supported by peer-reviewed research were 
presented to producers. An in-barn poster was prepared to reinforce the 
concepts and to support staff training. Post project surveys (53% response 
rate) indicated that 44% of farmers changed their washing procedure 
while 38% were already using the most effective method (egg washing 
machine). Based on this study, demonstration projects are an effective 
method of influencing practice change on-farm.

Key Words: washing hatching eggs, practice change, extension

P273 Including XPC™ feed additive in the diet of inoculated broilers 
during grow-out helps control Salmonella associated with their 
carcasses after processing Nelson Cox*1, Douglas Cosby1, Jeanna Wilson2, 
Dianna Bourassa1, R. Buhr1, Mark Berrang1, Donald Mcintyre3, Douglas 
Smith3 1USDA, ARS, PMSPRU; 2University of Georgia; 3Diamond V
The objective of this study was to test XPC™ feed additive for control 
of Salmonella in poultry meat products. Day of hatch broiler chicks were 
gavaged with 106 cells of a nalidixic acid resistant marker strain of Sal-
monella Typhimurium and placed on clean pine shavings in 9 separate 
floor pens (25 birds/pen). Three pens were untreated controls (fed standard 
broiler basal diets), 3 pens were fed the basal diets plus 2.5 lbs/ton of 
Original XPC™ (Trt 1; Diamond V, Cedar Rapids, IA) and 3 pens were 
fed the basal diets plus 4 lbs/ton of XPC™ (Trt 2). After 6 weeks, 10 birds 
per pen were feed withdrawn and processed, in the pilot processing plant 
at the U.S. National Poultry Research Center, Athens, Georgia. Scalding 
and defeathering equipment was sanitized with 180ºF water between each 
batch of 10 broilers. Eviscerated and immersion chilled (without the addi-
tion of any antimicrobials) carcasses were mechanically rinsed with 200 
mL of sterile distilled water. Fifty mLs of rinsate were transferred to sterile 
specimen cup; 50 mL of 2X buffered peptone (BP) added and incubated 
at 37oC for 24 h. One wing and breast were removed from each carcass, 
placed into separate freezer bags, mechanically rinsed and sampled as was 
done for whole carcass rinse. The second breast fillet with skin on was 
removed, pooled (10 per treatment) and ground in separate meat grinders. 
Samples of ground product (25 g) were added to 225 mL of BP, stomached 
for 60 s and incubated at 37oC for 24 h. For the control, Trt 1 and Trt 2, 
Salmonella was detected in 30/30, 22/30 and 23/30 of the carcass rinses, 
respectively. No differences were observed in the wing and breast rinses. 
For ground product, Salmonella was recovered 3/3, 1/3, and 1/3 from the 
control, Trt 1 and Trt 2, respectively. Salmonella was significantly reduced 
in broiler carcass rinses (P < 0.01) using a proprietary Saccharomyces 
cerevisiae fermentation product (Diamond V Original XPC™). This feed 

additive may have the ability to help control Salmonella associated with 
broiler and broiler meat products.

Key Words: Salmonella, broilers, processed carcasses, ground chicken, 
XPC®

P274 The in vitro Clostridium perfringens and Escherichia coli toxin 
adsorption of VariumTM. Yeaseul Lim1, San Ching*2, Fang Chi2, Sara 
Johnston2, Ed De Boer2, Hyun Lillehoj1 1ARS-USDA; 2Amlan International
Enteric disease agents, such as Clostridium perfringens and Escherichia 
coli, produce detrimental biotoxins that cause significant economic loss 
to the poultry industry. The objective of this study was to determine, in 
vitro, the capability of Varium to adsorb these toxins. An enzyme-linked 
immunosorbent assay (ELISA) was developed to evaluate several biotox-
ins including heat labile toxin (LTB), shiga-like toxin (Shiga), and lipo-
polysaccharide (LPS) from E. coli; and α-toxin and NetB toxin from C. 
perfringens. The binding test began with incubation of Varium with the 
toxins at several Varium: toxin ratios. After removing the Varium-bound 
toxin by centrifuge, the supernatant was analyzed to determine the remain-
ing toxin concentration. Binding percentage was calculated as: 100% x 
(total concentration - supernatant concentration)/total concentration. Re-
sults showed that binding of toxins produced by C. perfringens by Varium 
increased significantly (P < 0.05) as the ratio of Varium: toxin increased 
from 25:1 to 100:1. Binding of α-toxin increased from 46 to 96%, and 
binding of NetB toxin was consistently 100%. Dependence of the binding 
response upon the Varium to toxin ratio was quadratic; for α-toxin the R-
Square was 0.98 for the equation:

Binding % = 34.66 + 0.716 x Ratio - 0.0058 x (Ratio-58.33)²

This indicates that Varium has strong binding capacities for these two tox-
ins that cause necrotic enteritis in poultry. Varium bound other toxins as 
well. For E. coli produced toxins, the binding percentage increased from 
19 to 83% as the Varium: LPS ratio increased from 50:1 to 400:1. Varium 
bound with LTB from 67 to 100% as the ratio went from 4:1 to 32:1. 
Furthermore, Varium bound Shiga-like toxin from 58 to 100% with ratios 
from 8:1 to 32:1. These results indicate that Varium has strong binding 
capacities with the tested E. coli toxins; more so with the LTB and Shiga-
like toxins than the LPS. This difference is likely due to differences in the 
size and structure of the different toxins. In conclusion, these binding tests 
indicate that Varium can bind toxins from C. perfringens and E. coli. 
Key Words: LPS, Toxin, Varium, Clostridium perfringens, Escherichia 
coli

P275 Effect of LED Color on the Behavior at Different Growth 
Stage of Ducks Kyeong Ryu*1, Ho Choe1, Kye Kim2 1Chonbuk Natioanl 
University; 2RFsemi Technologies, Inc
Light emitting diode (LED) colour effects were observed on duck be-
havior. The lighting was performed as follows; yellow (Y; 590 nm; 24 
h/d), blue (B; 480 nm; 24 h/d) and green (G; 560 nm; 24 h/d). The duck 
behavior was recorded for 26 minutes (13 minutes morning and 13 min-
utes afternoon) continuously during 0 to 6 weeks of age. The time bud-
gets (standing, sitting and walking) and frequencies of certain behaviors 
(drinking, feeding, preening, dust bathing, flapping, pecking, aggressive 
pecking and tail wagging) in the ducks were checked during the morning 
and afternoon. The behavioral characteristics in the early age period (0 to 3 
weeks) were compared to the latter age period (4 to 6 weeks) to determine 
the changes in each behavior as the duck matured. Birds spent more time 
standing and sitting. The walking, drinking and feeding behavior were 
observed constantly followed by the behaviors like preening, dust bath-
ing, pecking, flapping, aggressive pecking and tail wagging which were 
observed less during the early growth period but gradually increased ad-
vance in weeks. Birds were more calm during the first 3 weeks of growth 
under yellow lighting but more active under a combined treatment; Y→Y, 
Y→B and Y→G, during 0 to 6 weeks. Hence the combined LED treat-
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ment on ducks has a greater influence on their behavior. These results may 
be useful to control the behavior of ducks.

Key Words: LED, Light color, Age, Behavior, Ducks

P276 A comparison of lighting sources influence between LED and 
conventional light on performance of broiler chicks Kyeong Ryu*1, Jong 
Choi2 1Chonbuk National University; 2Airtec System Co. LTD
This experiment was conducted to compare the effects of monochromatic 
LED lighting emitting yellow and white colors with the conventional light 
bulb on growth, blood parameters and meat quality in broiler chicks. A 
total of 1, 200 broiler Ross × Ross broiler chicks were randomly allocated 
to 3 treatments; Yellow LED (Y, 570-590 nm), White LED (W, 400-700 
nm) and conventional bulb (control). The lighting schedule was as fol-
lows; 24L: 0D from 0-4 d, 22L: 2D from 5-10 d, 20L: 4D from 11-17 d 
and 18L: 6D from 18-42 d of age. Light intensity was maintained at 10 
lux. LED lighting was numerically superior to the conventional bulb in 
body weight and weight gain. LED lighting also tended to lower FCR than 
the conventional bulb. At the growing stage, yellow LED bulbs resulted in 
significantly lower (p = 0.05) feed intake than the conventional light bulb. 
There were no significant alterations in meat quality. However, there were 
marked differences in redness (CIE a*); the conventional bulb recorded a 
negative value whilst white LED had a value 25 times higher than yellow 
LED. LED lights tended to have lower meat pH than the conventional 
bulb. This may help maintain meat color and hence meat quality. Yellow 
LED lighting could improve feed efficiency and meat quality. 

Key Words: LED, performance, blood composition, meat quality, broiler 
chicks

P277 The effect of microbial contaminants in feed on broiler 
performance during a Clostridial challenge. Kurt Richardson*1, Chuck 
Hofacre2, Greg Mathias3, Brett Lumpkin3 1Anitox Corporation; 2University 
of Georgia; 3Southern Poultry Research
The removal of growth promoting antibiotics and coccidiastats from poul-
try feed has resulted in an increase in the incidence of Clostridia associated 
problems. Reducing immunological challenges are common practices for 
reducing risk. This study examined if reducing feed microorganism levels 
reduces the impact of Clostridia on broiler performance. Cobb 500 day old 
broiler chicks (male) were distributed in a randomized design to 24 cages 
in a Petersime battery. Cages were blocked by location and randomly as-
signed to treatment. There were 3 treatments of 8 replicates (8 birds/rep-
licate) each. Treatment groups were negative control (no Clostridia chal-
lenge, no feed treatment), positive control (Clostridia challenge, no feed 
treatment) and positive control with feed treatment (Clostridia challenge, 
feed treated with chemical preservative). Feed was assayed for aerobic 
bacteria and enterobacteriaceae on day 1, 7, 14, 21 and 28 of the trial. On 
day 14, birds were orally inoculated with 5,000 oocysts of E. maxima, 
predisposing the bird to Clostridia. On day 19-21, the positive control and 
feed treatment groups were intubated with 108 cfu of C. perfringens daily. 
On day 21, lesion scoring (0-3) was performed on 3 random birds/pen. At 
28 days, the trial was terminated and impact on broiler performance deter-
mined. It was observed that reducing the level of microbial contaminants 
in feed negated the impact of Clostridia on broiler performance, but did 
not appear to impact lesion scores.

RESULTS (mean values)

Negative Control Group (neg), Positive Control Group (pos), Positive 
Control Group with Treated Feed (treat)

Body Weight Gain – neg 0.666; pos 0.502; treat 0.599

Feed Conversion – neg 1.531; pos 1.883; treat 1.557

Mortality – neg 0%; pos 15.6%; treat 6.3%

Lesion Score – neg 0; pos 0.50; treat 0.46

Feed Quality

Aerobic Bacteria (cfu/g) – untreated 303,000; treated 2,262

Enteros (cfu/g) – untreated 4,528; treated 42

Key Words: Clostridia, Feed, Contaminated, Broilers

P278 Effects of monochromatic green and red lights during 
incubation on hatchability and hatchling traits Mariana Mesquita1, 
Edgar Oviedo-Rondón2, Luis Bernal-Arango3, Liliane Borsatti4, Albaraa 
Sarsour*2, Mike Wineland2 1Universidade Federal de Goiás – Goiânia; 
2North Carolina State University; 3Politécnico Colombiano Jaime Isaza 
Cadavid; 4Universidade Federal do Rio Grande do Sul – Porto Alegre
Monochromatic light exposure during incubation has been reported to af-
fect broiler embryo development. This experiment was conducted to eval-
uate effects of green and red light exposure and distance from light source 
during incubation on hatchability and hatchling traits. A total of 672 eggs 
from 54 wk-old Ross 708 breeders were randomly distributed into 4 treat-
ments: 1) no light; 2) permanent green light; 3) green light 15`on:15`off; 
and 4) red 15`on at 4 times/d. In each machine or treatment, two trays with 
84 eggs each were set. The distance from light source within each tray 
was identified as Front (10 cm) close to the LED lights, middle (~41 cm), 
and back, far (~93 cm) from the lights. Incubator temperature set points 
were managed to obtain optimum eggshell temperatures (37.8 to 38°C) 
during the whole period and RH% modified for each embryo phase as in 
single stage incubation. Eggshell temperatures were measured with pipe-
probes and thermistors 4 times/d. Hatchability was calculated. Chicks (12/
treatment) were randomly sampled and weighed with and without residual 
yolk. Proventriculus, gizzard and liver were weighed, and intestinal length 
was measured. Chicks, unhatched eggs, and dead embryos were counted 
in each tray. Data were analyzed as completely randomized design with 
effect of position in the tray nested within light treatment using JMP soft-
ware. There were no significant effects (P>0.05) of light treatments and 
position in the tray on hatchability, fertility and hatch of fertile. Light 
treatments affected (P<0.05) embryo mortality from 16 to 18 d. The in-
termittent green light had the greatest (P<0.05) mortality in this period. 
No effects (P> 0.05) of light treatments were observed on chick BW, 
free-yolk BW, gizzard and liver relative weights and gut relative length. 
Only proventriculus relative weight was affected by treatments. The treat-
ment with no lights had greater (P<0.05) proventriculus development than 
permanent green and red lights. The use of green and red lights during 
incubation period did not improve hatchability and hatchling traits when 
eggshell temperature was maintained close to 37.8oC.

Key Words: Broilers, Incubation, Monochromatic lights

P279 Comparison of two different flooring systems for broilers Hong 
Li*1, Robert Alphin1, Zhiping Zhu2, Zhongkai Zhou4, Xin Wen3 1University 
of Delaware; 2Chinese Academy of Agriculture Sciences; 3Hunan 
Agricultural University; 4Jiangsu Academy of Agriculture Sciences
This paper describes comparison of broiler production performances, wel-
fare quality, and housing environment of two broilers houses with con-
ventional litter and new netting floors in eastern China. The two commer-
cial broiler houses were monitored on housing environment and welfare 
quality throughout four 42-d growouts. Daily and weekly production data 
were supplied by farm staff at the monitored site. The results showed the 
following impacts on thermal environment, indoor air quality, production 
performance and bird welfare quality: a) indoor temperature and relative 
humidity were not affected by the different floors; b) the average NH3 
concentration increased from 10.44 ppm in litter house to 15.02 ppm in 
netting house due to the manure accumulation under the netting floor; c) 
broiler production performances were not affected by the netting floor 
compared to the litter system; d) the netting floor may increase breast 
blister incidence due to its hardiness; and e) welfare quality parameters 
including hock and food pad burn, lameness, fearfulness and stress levels 
in the netting house were the same as that in the litter house.

Key Words: broiler, flooring, netting, welfare, production
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P280 Effects of limestone particle size and dietary phosphorus level 
for pullets on bone health and performance during lay raised in deep 
litter systems Pamela Eusebio-Balcazar*, Sheila Purdum University of 
Nebraska-Lincoln
Hens housed in alternative systems have a high incidence of bone frac-
tures. Therefore, it is important to revise nutrition strategies used early 
in life for improved in bone strength. The objective of this trial was to 
evaluate the effects of limestone particle size (LPS) and phosphorus level 
(P) fed to pullets on performance and bone health. For this, 5-wk old Bo-
van White pullets were randomly housed in 12 floor pens (50 birds/pen, 
929 cm2/bird). Floor pens provided perches, nest area, feeder tubes, and 
nipple drinkers. Pullets were fed grower (5-14 wk, 0.35 or 0.25 % av. P.) 
and developer (15 - 18 wk, 0.30 or 0.20 % av. P.) diets including either a 
fine (F) (0.431 mm) or a blend (B) of fine and large particles (0.878 mm) 
limestone (ILC Resources, Weeping Water, NE). Hens received the same 
layer diet from 18 to 54 wk. All diets contained phytases. At 14, 34 and 
51 wk of age, 10 birds from each pen were palpated to record keel bone 
condition. A sample of 10 birds per pen was scanned to determine in-vivo 
bone mineral density, content and area of right tibias at 14 wk and middle 
toe at 51 wk using DEXA. Data was analyzed using a 2x2 factorial design 
considering LPS and P as main factors. Ten eggs from each pen were sam-
pled to determine egg W, percentage of eggshell biweekly and eggshell 
breaking strength (EBS) monthly. BW was used as a covariate for bone 
characteristics. When pullets had a low P, feeding B-LPS increased BW 
and egg W compared to F-LPS during the entire trial (P < 0.060). When 
pullets were fed moderate P, pullets fed B-LPS had higher bone area than 
those fed F-LPS at 14 wk (P = 0.072). The low P had lower eggshell % at 
26 wk but higher values from 40 to 50 wk (P = 0.017). Pullet P level had 
lower eggshell strength for low P than the moderate P (P = 0.041). There 
was no effect of LPS or P on keel measurements (P > 0.10). Thus, LPS and 
LP affected performance, eggshell quality and some bone characteristics 
in this study. 

Key Words: Limestone particle size, phosphorus level, bone, eggshell

P281 Analysis of more than 380 mycotoxins in 556 feed and raw 
material samples in 2015 Verena Starkl*, Paula Kovalsky Biomin Holding 
GmbH
More than 33,000 feed samples including corn, wheat, barley, soy as well 
as finished feed were analyzed within the Biomin Mycotoxin Survey 
since 2004. The results presented here include include data from samples 
sourced worldwide from January to September 2015. The samples were 
analyzed using Liquid Chromatography-Mass Spectrometry/Mass Spec-
trometry (LC-MS/MS, Spectrum 380®) screening for more than 380 my-
cotoxins and other secondary metabolites. For practical relevance a cut-off 
level for all mycotoxins was established at >1 ppb (except aflatoxin at > 
0.5 ppb). The aim of this study was to obtain information on the occur-
rence and contamination level of multiple mycotoxins in feed and feed 
raw materials samples from various regions. A total of 856 samples (raw 
materials like corn and wheat, as well as finished feed) were collected 
worldwide and screened for the presence of multiple mycotoxins and 
other secondary metabolites using Spectrum 380®. Up to 59 different my-
cotoxins and metabolites were found per sample. Only 5% of all analyzed 
samples contained less than 10 mycotoxins. On average, 30 different me-
tabolites were detected per sample. 82% of the analyzed samples tested 
positive for emodin, 73% for deoxynivalenol, 71% for brevianamid F, au-
rofusarin and tryptophol and 70% for zearalenone (average of positives 81 
ppb, 631 ppb, 1,462 ppb, 108 ppb, 543 ppb and 160 ppb; maximum found 
2,667 ppb, 34,861 ppb, 85,360 ppb, 903 ppb, 39,190 ppb, 6,239 ppb). 
The masked mycotoxin DON-3-glucoside was detected in 62% of all 
samples. The sensitivity of mycotoxin analysis and especially of LC-MS/
MS increased by 200-fold in the last 10 years leading to the fact that more 
mycotoxins are found. Performing multi-mycotoxin analysis definitely 
elucidates the occurrence of mycotoxins but more research is needed to 

evaluate the practical impact of most of these “new” mycotoxins on ani-
mals and human. 

Key Words: Multi-mycotoxin analysis, Masked mycotoxins, LC-MS/MS

P282 Chamomile extracts (Matricaria recutita) in the performance of 
Japanese quails (Coturnix coturnix japonica) Rodrigo Garcia*, Karine 
Tenório, Beatriz Roriz, Cristina Ayala, Sarah Sgavioli, Lucas Brasileiro, 
Wellington Dos Santos, Willian Gouvea, Fabiana Caldara, Irenilza Naas 
Universidade Federal da Grande Dourados
In the raising or Japanese quails, the high housing density results in stress 
behaviors. To solve this issue of stress within the birds, herbal medicine 
has been studied. Were used 108 Japanese quails (Coturnix coturnix ja-
ponica) not beak trimmed females at laying phase with 180 days of age, 
housed in conventional shed. The quails were distributed in a completely 
randomized design in a 3x6 factorial design, consisting of three levels of 
chamomile extract inclusion (Matricaria recutita) (0, 0.25 and 0.5 g of 
chamomile / kg diet) and six days evaluation after the beginning of this 
study (14, 28, 42, 56, 70 and 84 days of research). The performances data 
evaluated were: Daily feed intake, feed conversion per dozen eggs and 
on egg production. Data were analyzed by the SAS software (MIXED 
procedure) for modeling the variance and covariance matrix, fifteen struc-
tures were tested. And in case of effect (P <0.05) for levels of chamomile 
extract inclusion was tested linear and quadratic regressions. Day evalua-
tion means were compared by the Tukey test. Chamomile levels had not 
influence (P> 0.05) the bird’s performance. There was an effect of the time 
intervals (P <0.05) for daily feed intake, feed conversion per dozen eggs 
and on egg production. Feed intake had increased in accordance with the 
evaluation days (P <0.05), 22.67; 23.53; 22.40; 25.39; 26.87 and 30.00 g 
/ bird / day, respectively for 14, 28, 42, 56, 70 and 84 days of evaluation, 
with higher consumption for 84 days and less feed intake for 14, 28 and 
42 days of evaluation. The worst feed conversion was measured for the 
84th day (0.38) and better feed conversion at 28th day (0.28), no difference 
between 28 and 14th day (0.30) (P <0.05). The relative egg output is higher 
(P <0.05) at 28, 56, 70 and 84th days, being 97.39; 96.50, 94.52; 96.17%, 
respectively, when compared with the other days of evaluation, 14 and 
42th. In conclusion, the data show that the chamomile extract do not inter-
fere with the bird’s performance and that the Japanese quails have better 
productivity between 27 to 36 week of age, decreasing the eggs produc-
tion after this period of age.

Key Words: Coturnix coturnix japonica, days of production, feed 
conversion, feed intake, egg production

P283 FIELD OBSERVATIONS: Effect of pasture crop selection on 
insect population Jacqueline Jacob*1, Blake Newton1, Anthony Pescatore1, 
H Gillespie1, Siddhartha Dasgupta2 1University of Kentucky; 2Kentucky 
State University
A commonly asked question from free-range poultry producers is “Which 
crop should I use?” Two factors to consider include the nutrients obtained 
from the plants as well as the nutritional value of the insects attracted to 
that crop. This study pertained to the latter factor and looked at what in-
sects are attracted to different pastures typically selected for pasture poul-
try production. There were three pasture treatments, each with three sites 
of 1,000 ft2. The treatments included legumes (Crimson clover, Birdsfoot 
trefoil, and Alfalfa), grasses (Ryegrass, Bromegrass, and Tall fescue), and 
a combination of the legumes and grasses previously indicated. Sweep net 
collections of 225 ft2 areas within each plot were conducted. The collected 
items were frozen and later identified by an entomologist. The insects and 
spiders collected were sorted by taxonomical order. The collections from 
the three sites for each treatment were combined and compared. The plots 
with legumes had the most insects (231) with the grasses the least (123). 
The combination of legumes and grasses were in between (166). For all 
the pastures, insects from the order Hemiptera were the most predominant 
(76.6%, 60.2%, 72.9% for the legumes, grasses and combination plots, 
respectively). This includes insects that have a proboscis and capable of 



277Poult. Sci. 95(E-Suppl. 1)

84 ABSTRACTS OF PAPERS

sucking sap from plants and would include the cicadas, aphids, plant hop-
pers, leaf hoppers and shield bugs. A similar finding occurred with the 
spiders with 21, 47 and 35 spiders identified in the legumes, grasses and 
combination plots, respectively. These observations indicate that differ-
ent pasture crops will attract different insects. Similar observations are 
required to confirm the findings, and to see how the populations were dis-
tributed in similar pasture crops in different locations at different times of 
the year. The low number of insects and the variability between pasture 
types indicate that insect populations are not a reliable nutrition source for 
pasture poultry.

Key Words: Pasture poultry, Insects

P284 Western Poultry Conference: Influencing practice change 
through innovation Valerie Carney*, Brenda Schneider, Jessica Josephson 
Alberta Agriculture and Forestry
Rapid genetic progress in all poultry sectors and a changing global envi-
ronment requires continual opportunities to update knowledge and man-
agement skills. The Western Poultry Conference (WPC), a one-day con-
ference held February 2015 in Red Deer, Alberta, extended global poultry 
science and influenced practice change. Specific elements were incorpo-
rated to increase uptake of information and adoption of new practices and 
provide feedback for organizers regarding knowledge gaps and uptake 
barriers. Rogers (1983) demonstrated that peer to peer learning is one of 
the most effective tools for research adoption. WPC featured presentations 
from international researchers immediately followed by a local farmer 
who shared their experience in adopting that innovation or new practice. 

The 268 attendees were surveyed to measure their knowledge before and 
after each presentation. Knowledge was rated as: very little, some, quite a 
bit or a lot. Intention of practice change was rated as: definitely will, prob-
ably will, probably won’t and definitely won’t. Audience knowledge and 
intention to change varied depending on the topic. For example, knowl-
edge of gut health principles increased from 63.3% of attendees knowing 
some to a lot of information prior to the presentation compared to 93.7% 
knowing some to a lot after; 66% of the audience indicated they intended 
to change practices based on what they learned. On the topic of husbandry, 
92.2 % of the attendees indicated they knew some to a lot before the pre-
sentation while 99.6% indicated they knew some to a lot after. Although 
attendees reported a high level of knowledge in husbandry, 81.8% indi-
cated they intended to change their practices. 

Audience response devices effectively engaged the group, benchmarked 
practices, measured knowledge uptake and identified knowledge/practice 
gaps. Attendees could ask questions in real-time with QWERTY keyboard 
response devices. Typically questions are held until the end of a presenta-
tion and are limited to 1-3. The QWERTY devices allowed between 9 and 
37 questions to be submitted; some were addressed immediately by the 
speaker or were addressed through development of technical resources 
following the conference, thereby extending the reach of WPC to all Al-
berta poultry farmers.

Nearly 70% of attendees (69.4%) indicated that the presentations from 
farmers inspired them to think about how they could implement changes 
on their farms. Through the use of response devices, surveys and presen-
tations from researchers and farmers, the WPC provided a foundation of 
learning and practice change within the Alberta poultry industry. 99% of 
attendees indicated that they would recommend WPC to others.  

Key Words: practice change, extenstion, audience engagement

P285 Air quality and litter in negative pressure systems: dark house 
and tunnel Rodrigo Garcia*, Cristina Ayala, Sarah Sgavioli, Beatriz Roriz, 
Irenilza Naas, Fabiana Caldara, Luiz Rombola Universidade Federal da 
Grande Dourados
The aim of this study was to evaluate the air quality (temperature and rela-
tive humidity) and the quality of the litter (temperature, pH and humidity) 
of two types of negative pressure systems (dark house and tunnel) with 

reused litters (7 times). The design was completely randomized in a facto-
rial design 2x4x2, with two systems (dark house and tunnel), four quad-
rants Q1 (air inlet and high moisture), Q2 (near air inlet) Q3 (close to exit 
air) and Q4 (air outlet), both sexes (male and female) with six replicates 
per treatment, totaling 96 measurement points. The measurements were 
taken at 42 days of age, avoiding the areas close to the feeder and drinkers. 
The data were submitted to analysis of variance (SAS version 9.2), and 
subject to the verification model (homogeneity and normality), in the case 
of effect (P<0.05), the means were compared by Tukey test. There was 
no difference (P<0.05) with the type of negative pressure systems for air 
temperature and relative humidity (P>0.05). There was a significant effect 
(P <0.05) for relative humidity, with respect to the quadrants, with higher 
humidity to the air outlet Q4 (57.76%) and Q3 (55.70%) compared with 
the other quadrants Q1 and Q2. Was observed the higher pH and tempera-
ture of the litter (P<0.05) for the poultry raised at the dark house system 
(34.89 °C and 8.59, respectively) when compared with the tunnel system 
(33.63 °C to 7.93, respectively). The litter moisture had no interaction be-
tween the systems and quadrants (P<0.05), with higher humidity the litter 
in the Q1 (air inlet) of the dark house system (76.53%) compared with the 
tunnel system (70.11%). In conclusion, this trial had shown that the dark 
house system results in a higher relative humidity, pH and temperature of 
the litter that can promote the more intensive volatilization of ammonia, 
moreover, the Q1 air inlet we should pay more attention to the handling of 
the moisture equipment as at this location the relative humidity is higher.

Key Words: humidity, negative pressure, pH, raising systems, 
temperature

P286 Model-predicted ammonia emission from two broiler houses 
with different rearing systems Rodrigo Garcia*, Nilsa Lima, Irenilza 
Naas, Fabiana Caldara Universidade Federal da Grande Dourados
Ammonia (NH3) emissions from broiler production can affect human and 
animal health and may cause acidification and eutrophication of the sur-
rounding environment. This study aimed to estimate ammonia emissions 
from broiler litter in two systems of forced ventilation, the tunnel ventila-
tion (TV) and the dark house (DH). The experiment was carried out on 
eight commercial broiler houses, and the age of the birds (day, d), pH and 
litter temperature were recorded. Broilers were reared on built-up wood 
shaving litter using an average flock density of 14 bird m–². Tempera-
ture and relative humidity inside the broiler houses were recorded in the 
morning during the grow-out period. A factorial experimental design was 
adopted, with two types of houses, four replicates and two flocks with two 
replicates each. A deterministic model was used to predict ammonia emis-
sions using the litter pH and temperature, and the day of grow-out. The 
highest litter temperature and pH were found at 42 d of growth in both 
housing systems. Mean ambient air temperature and relative humidity did 
not differ in either system. Mean model predicted ammonia emission was 
higher in the DH rearing system (5200 mg NH3 m−2 h−1 at 42 d) than in 
the TV system (2700 mg NH3 m−2 h−1 at 42 d). TV presented the lowest 
mean litter temperature and pH at 42 d of growth. In the last week of the 
broilers’ grow-out cycle, estimated ammonia emissions inside DH reached 
5700 mg m−² h−1 in one of the flocks. Ammonia emissions were higher 
inside DH, and they did not differ between flocks. Assuming a broiler mar-
ket weight in Brazil of close to 2 kg, ammonia emissions were equivalent 
to 12 g NH3 bird-marketed−1. Model- predicted ammonia emissions pro-
vided comprehensible estimations and might be used in abatement strate-
gies for NH3 emission.

Key Words: noxious gases, environmental impact, dark house, poultry, 
tunnel ventilation

P287 Foot scores of breeder Pekin ducks on conventional nipple 
water lines compared to open source water troughs Jocelyn Romano*1, 
Zachary Lowman2 1Poultry Consultant; 2North Carolina State University
Ducks have a unique fondness to water compared to other commercial 
poultry. There have been a few studies that show positive improvement in 
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welfare measurements such as foot pad condition in meat type slaughter 
ducks. However, after a review of the literature, there appears to be no 
trials that examine the effects of open source waterers on breeder ducks. 
In slaughter ducks high bacterial loads, and increased litter moisture are 
common occurrences in trough watering systems, both typically lead to 
a decline foot quality. Slaughter ducks are only grown an average of 38-
42 days, which minimizes long term effects, however breeder ducks are 
kept for significantly longer periods of time, so it is logical to explore 
the long term effects of such practices on the welfare of breeder ducks. 
For this trial a commercial Pekin breeder flock of 6,262 ducks, 17 weeks 
of age was equally split into 2 groups (3131 duck/ trt). All birds were 
housed in the same house, equal stocking density, with equal amounts of 
shavings added daily. The control group was provided access to 4 con-
ventional nipple lines; the other with 2 nipple lines and a supplemental 
trough waterer, to maintain equal water access between the groups. Foot 
pad scores were taken at 42 weeks of age. Groups of birds were caught 
at 6 different locations within each group. Feet were scored on a scale of 
0-3. The scoring system used consisted of: 0) No dermal lesions observed 
on center or toe pads, 1) A. Lesions on ≤2 pads and no center pad le-
sions, or B. Lesion on center pad, with no toe lesions. 2) Lesion on center 
pad and ≤2 toe pad lesions. 3) A. Lesions on all 3 toe pads, or B. any 
pad with evidence of current or prior bleeding. Data was analyzed us-
ing the ANOVA, and Chi squared features of JMP 10 with a significance 
threshold of p ≤ 0.05. There were significant differences in overall mean 
foot scores between treatments with control group mean score of 1.45, 
compared to 1.73 mean score in trough group. There were also significant 
differences in the distribution of scores between groups. Control score: 0) 
9.4%, 1)44.8%, 2)35.4%, 3)10.4% compared to trough scores: 0)7.89%, 
1)43.6%, 2)24.6%, 3)23.4%. Based on this trial, open source waterers ap-
pear to cause significantly more foot lesion in breeder ducks, which could 
cause significant welfare concerns.

Key Words: Pekin Duck, Breeder, Welfare, Trough, Open Source

P288 Effect of monochromatic green light exposure at different 
times during incubation on hatchability and hatching characteristics 
Mariana Mesquita1, Edgar Oviedo-Rondón2, Luis Bernal-Arango3, Albaraa 
Sarsour2, Liliane Borsatti4, Patricia Aristimunha4, Lindolfo Dorcino1, Mike 
Wineland2, Hernan Cordova*2 1Universidade Federal de Goiás – Goiânia; 
2North Carolina State University; 3Politécnico Colombiano Jaime Isaza 
Cadavid; 4Universidade Federal do Rio Grande do Sul – Porto Alegre
Research reports have indicated that exposing chicken eggs to monochro-
matic green light (GL) during incubation increased embryo development 
and hatchability. This experiment evaluated the effects of GL exposure 
on broiler breeder eggs at different times during incubation on hatchabil-
ity and hatchling characteristics. A total of 3,696 fertile eggs from Ross 
708 broiler breeder flocks were randomly distributed into six treatments. 
Treatments were: 1) no light during incubation; 2) LED GL during 21d of 
incubation; 3) no light until E5 and moved to GL until hatch; 4) GL until 
E5 and moved to no light until hatch; 5) no light until E18 and GL in the 
hatcher; and 6) GL until E18 and hatcher with no light. The treatment 
groups with No light or exposed to LED GL during all the incubation 
period had 6 trays (132 eggs per tray) each and the other treatments had 4 

trays each. Incubators were managed as in single stage incubation to ob-
tain optimum eggshell temperatures (37.8 to 38.0°C) during the whole pe-
riod. Eggshell temperatures were measured with pipe-probes and a therm-
istor 4 times/d. Hatchability of all eggs set or fertile eggs was calculated. 
Chicks (24/treatment) were randomly sampled, weighed with and without 
residual yolk. Proventriculus, gizzard and liver were weighed, and intesti-
nal length was measured. Chicks, unhatched eggs, and late dead embryos 
were counted in each tray. Data were analyzed as a completely random-
ized design with six treatments using orthogonal contrasts. The LED GL 
increased eggshell temperatures since the first days of incubation. There 
were significant effects (P<0.05) of light treatments on hatchability and 
hatch of fertile. The best (P<0.05) hatchability of set and fertile eggs was 
observed in the group with no light. There were no effects (P>0.05) of 
light treatments for embryo mortality, chick BW, yolk-free BW, and rela-
tive organ weights. Monochromatic green light exposure, during different 
incubation phases did not affect the incubation parameters or hatchling 
development under the conditions of this experiment maintaining eggshell 
temperature close to 37.8oC.

Key Words: broilers, hatchability, Monochromatic lights

P289 Early colonizing bacteria in the gastrointestinal tract of day-of-
hatch broilers Evan Hutchison*, Tom Rehberger, Eric Vang, Xandra Smith 
Agro BioSciences
Initial colonization of beneficial bacteria in the gastrointestinal tract in 
newly hatched broilers is essential for the health of the bird throughout 
its life. Early establishment of lactic acid bacteria (LAB) plays a vital 
role in stabilizing intestinal homeostasis, digestion and nutrient absorp-
tion, and nurturing mucosal conditions for immunological protection. 
We investigated the levels of LAB and avian pathogenic E. coli (APEC) 
in the gastrointestinal tracts of 300 day-of-hatch (DOH) birds across 5 
broiler hatcheries from two US broiler companies. Breeding hens of two 
of these complexes were also analyzed to determine vertical transmission 
of microbiota to the DOH birds. Results indicate both LAB and APEC 
populations were highly variable in birds across flocks in the same com-
plex and across the five complexes. The percent of birds harboring detect-
able levels of APEC from each complex ranged from 7% to 80%. The 
percent of birds harboring detectable levels of LAB from each complex 
ranged from 22% to 100%. Based on microbial community analysis by 
16S rDNA sequencing and terminal restriction fragment length polymor-
phism analysis, the LAB present in the breeder hens were not always pres-
ent in their respective DOH birds, suggesting that vertical transmission is 
limited. Microbiota consistently found in hens but missing in DOH birds 
included Lactobacillus crispatus, L. johnsonii, and L. salivarius. Interest-
ingly, RAPD PCR fingerprint analysis of APEC isolates from breeder hens 
and their DOH birds provided evidence indicating vertical transmission 
of APEC isolates. In commercial broiler production many factors may be 
influencing the establishment of early colonizing bacteria such as use of 
antibiotics, sanitizers and egg handling methods. While these practices are 
credited with reducing pathogen loads and disease transmission, they may 
also be interfering with the colonization of native and beneficial bacteria.

Key Words: LAB, APEC, community, gastrointestinal, early colonizing 
bacteria

Metabolism & Nutrition
P290 Evaluation of plant-based feed additive (AV/HLP/16) on egg 
quality, production performance and lipid parameters in laying hens 
Kathryn Hollingsworth*GS1, Francine Vercese1, Gita Cherian1, Shivi Maini2, 
Kotagiri Ravikanth2, Mohan.J Saxena2 1Oregon State University; 2Ayurvet 
Limited
The effect of feeding a plant-based feed additive (AV/HLP/16) to laying 
hens on hen production performance, egg quality, and lipid components 
in egg and hen tissues was tested. A total 96 laying hens were fed a corn 

soybean meal-based diets containing 0 (Control), 0.1 (Diet 1), 0.15 (Diet 
2) and 0.2% (Diet 3) AV/HLP/16 for a period of four months. Average 
egg weight, yolk weight shell weight and albumen weight was higher in 
hens fed Diet 3 than other diets (P<0.05). Haugh unit was higher in eggs 
from hens fed Diet 3 when compared to other diets (P<0.05). Egg yolk 
color was higher in all the diets containing AV/HLP/16 (P<0.05). Egg yolk 
index (height:width) was higher in hens fed Diet 2 and Diet 3 (P<0.05). 
A significant increase in shell thickness was observed in eggs from hens 
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Diet 3 (P<0.05). Hen day egg production was higher in hens fed Diet 3 
than other diets (P<0.05). Average egg mass/hen/day and feed conversion 
(per kg egg mass) was higher for Diet 3 (P<0.05). The total fat content 
of eggs were lower in hens fed Diet 3 (P<0.05) when compared to other 
diets. Egg cholesterol content was 11.23, 10.87, 10.86 and 10.75 mg/g 
yolk for Control, Diet 1, Diet 2 and Diet 3, respectively (P>0.05). No dif-
ference was observed in saturated, monounsaturated and polyunsaturated 
fatty acid content of eggs (P>0.05). A significant decrease was observed in 
liver total fat content in hens fed Diet 3 (P<0.001). The hen liver total fat 
content was 5.45, 6.70, 4.68 and 3.81 for Control, Diet 1, Diet 2 and Diet 
3, respectively ((P<0.05). No effect of feeding AH/HLP/16 on hen serum 
triglyceride was observed. There was no difference in feed consumption. 
Overall, feeding AV/HLP/16 at 0.2% level in diet leads to an improved 
production of eggs while enhancing egg quality and lipid parameters. 

Key Words: eggs, lipids, cholesterol, liver, yolk color

P291 Effect of dietary corn and sorghum on intestinal microbiota of 
chickens Naiara Fagundes*GS, Jaqueline Rafael, Maria Carolina Sciencia, 
Cristiano Bortoluzzi, Rafaela Pereira, Glaucia Napty, José Guilherme 
Barbosa, José Fernando Menten University of São Paulo
Dietary ingredients and broiler’s age can influence the intestinal micro-
biota equilibrium, which is related to improvement in intestinal function 
and nutrient utilization. This study evaluated small intestine and caecum 
microbiota of chickens fed corn or sorghum based diets and combinations 
between both grains. The experiment was in a 5 x 2 factorial arrangement 
(diets x ages) in a randomized complete design. Diets used were 100% 
corn (C100%), 100% sorghum (S100%) and 50% corn plus 50% sorghum 
(C:S50%) in all phases, and sorghum in the first seven days followed by 
corn (S-C) and the opposite (C-S). At 10 and 21 days of age, contents of 
the small intestine and caecum were collected to form pools (n=4) from 
each dietary treatment, totaling 40 samples. DNA extraction, sequencing 
for 16S rRNA (Illumina MiSeq) and bacterial taxonomic classification 
(16S Metagenomics App) were performed. The ten most frequent genera 
of each intestinal segment were compared using ANOVA and Tukey 5% 
(SAS 9.3). In the small intestine, the most frequent genera were Lacto-
bacillus, Clostridium, Enterococcus, Staphylococcus, Corynebacterium, 
Blautia, Weissella, Faecalibacterium, Alkaliphilus and Streptococcus. An 
interaction in Alkaliphilus level showed no effect of diets at 10d but at 
21d S100% presented higher Alkaliphilus level than C:S50%, S-C and 
C-S. Broilers fed C-S presented lower Clostridium level than C100% and 
S-C. Lactobacillus, Staphylococcus, Weissella and Streptococcus levels 
increased with age, while Clostridium and Enterococcus levels decreased. 
Blautia, Faecalibacterium, Ruminococcus, Clostridium, Bacteroides, 
Alkaliphilus, Lactobacillus, Oscillospira, Anaerofilum and Coprococcus 
were the most frequent genera in the caecum. Broilers fed S100% present-
ed higher Lactobacillus level than broilers fed C100%, C:S50% and S-C. 
Faecalibacterium, Bacteroides and Oscillospira levels increased with age, 
while Blautia, Ruminococcus, Alkaliphilus, Anaerofilum and Coprococ-
cus levels decreased. In conclusion, broilers fed C-S and S100% appear 
to have better intestinal microbiota conditions due to reduction of Clos-
tridium in the small intestine and increase in Lactobacillus in the caecum, 
respectively.

Key Words: nutrition, grain, milo, intestinal flora

P292 Effect of cysteine protease enzyme in diet to reduce soybean 
meal without affecting performance of Kadaknath birds in India 
Sandeep Gupta*GS, Mukesh Mehta College of Veterinary Science &AH, 
Mhow, NDVSU Jabalpur
Soybean meal is highly acceptable vegetable protein source in poultry 
industry due to this demand of soybean meal is always high. But the in-
crease use of soybean in human being is major challenge of availability 
for poultry industry. The present study is conducted to determine the effect 
of cysteine protease to reduce use of soybean meal and improve perfor-
mance of Kadaknath birds. Indegenous breed “Kadaknath” is well known 

for delicious black flesh with black beak, feathers, comb and shank in 
India. The bird is very popular due to its special capabilities such as adapt-
ability to local environment, resistance to certain diseases, meat quality 
and many other criteria specific to breed type. It has been neglected com-
mercially because of its poor production potential. In an experiment of 
twelve weeks 100 day old kadaknath broiler chicks were randomly di-
vided into two equal groups with five replicates, each replicate consisted 
of 10 chicks. Experimental diets for pre starter, starter and finisher birds 
consisted of maize, soybean meal, and feed additives. One of the two diets 
was supplemented with cysteine protease 130000 PU/gm at level of 250 
gm per ton with 5 % reduction of crude protein, lysine, methionine and 
metabolizable energy was reduced at the level of 50 Kcal per Kg of diet to 
meet the requirement of the birds as per BIS (2007). Approximate 20 kg of 
soybean meal (45 % CP) was reduced in cysteine protease supplemented 
diet. The feed intake was significantly (P<0.05) lower in cysteine protease 
supplemented group. The body weight gain and FCR were statistically 
similar in both group. Profitability was significantly (P<0.05) higher in 
cysteine protease group due to reduction of soybean meal in diet. In the 
above study, it was concluded that cysteine protease is very economic en-
zyme to improve performance of birds and fulfil scarcity of high protein 
ingredients like soybean meal.

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

P293 Impacts of alpha-galactosidase on ileal digestible energy and 
crude protein digestibility Rocky Latham*GS1, Ray Poureslami2, Jason 
Lee1, Kyle Smith1 1Texas A&M University; 2Kerry Inc.
An experiment was conducted to investigate the effect of alpha-galactosi-
dase on ileal digestible energy and crude protein digestibility when fed to 
male broiler chicks. The experiment was a 2 x 2 (diet*enzyme) factorial 
design study including four treatment groups with 15 replicates of 8 male 
broilers per replicate for a 21 day battery experiment. The two dietary treat-
ments included a positive control (PC) diet and a negative control (NC) 
diet which was formulated to contain 2.5% less AME and dig amino acids 
as compared to the PC diet. Each of these diets was fed with and without 
the inclusion of alpha-galactosidase. Broilers were fed a starter from 0-14 
d (crumble) and a grower from 14-21 (pellet). Birds were sampled on d 21 
to determine ileal digestible energy and crude protein digestibility. Tita-
nium dioxide was used as an indigestible marker for the determination of 
digestibility coefficients. Ileal digestible energy was decreased (P=0.037) 
in broilers fed the NC diet by 100 kcals/kg when compared to broilers 
fed the PC diet. Inclusion of alpha-galactosidase increased (P=0.047) il-
eal digestible energy value by 90 kcal/kg. Crude protein digestibility was 
not influenced by diet, however, similar improvements in crude protein 
digestibility with enzyme inclusion were observed as with energy.Alpha-
galactosidase inclusion increased (P=0.030) crude protein digestibility as 
compared to broilers not fed enzyme (0.729 vs 0.755). These data support 
the benefits of alpha-galactosidase inclusion to improve nutrient digest-
ibility across multiple dietary nutrient profiles. 

Key Words: Alpha-Galactosidase, Ileal Digestible Energy, Crude Protein

P294 Tissue distribution of oxidases and transaminases in broiler 
chickens fed methionine isomers or precursors Shuai Zhang*GS1, 
Behnam Saremi2, Elizabeth Gilbert1, Eric Wong1 1Virginia Tech; 2Evonik 
Nutrition & Care GmbH
The common dietary supplemental methionine (Met) sources include 
DL-Met and the analog DL-2-hydroxy-4-methylthio butanoic acid (DL-
HMTBA). D-Met and DL-HMTBA must be converted to L-Met through 
oxidation and transamination for utilization. We hypothesized that the 
mRNA abundance and enzyme activities would show tissue- and devel-
opment-specific expression in broiler chickens fed different Met sources. 
We collected liver, muscle, duodenum, jejunum and ileum at days 10, 21 
and 26 from male Cobb chickens fed a basal diet deficient in sulfur amino 
acids (control), or the control diet supplemented with DL-Met, L-Met or 
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DL-HMTBA to meet requirements (n=5). The mRNA abundance of 3 
oxidases and 4 transaminases was measured by real-time PCR, and the 
oxidase activities were measured using colorimetric assays. A split-plot 
design was used to analyze gene expression data, considering the main 
effects of treatment, tissue, age and their interactions. Enzyme activity 
data were analyzed within each tissue by ANOVA, considering the main 
effects of treatment, age and their interactions. JMP 11.0 was used and 
means were separated using contrasts (P<0.05). Both L-HMTBA oxi-
dase (L-2-hydroxy acid oxidase, HAO1) mRNA and D-HMTBA oxidase 
(D-2-hydroxy acid dehydrogenase) mRNA were more abundant in liver, 
while D-Met oxidase (D-amino acid oxidase) mRNA was more abundant 
in liver, duodenum and jejunum, as compared to other tissues. Among 
the 4 transaminase mRNAs, branched chain amino acid transaminase 
(BCAT1) was expressed greatest in muscle and alanine-glyoxylate ami-
notransferase was expressed greatest in liver. All of the measured mRNAs 
except BCAT1 had greater expression at day10 than day26. Chickens 
fed DL-Met had lower hepatic HAO1 mRNA compared to L-Met and 
DL-HMTBA fed chickens, while chickens fed DL-Met had greater glu-
tamic-oxaloacetic transaminase 2 mRNA relative to the other treatment 
groups in duodenum. The enzyme assays, however, showed no significant 
differences for the 3 oxidase activities among the 4 treatment groups. In 
conclusion, the oxidases and transaminases were differentially expressed 
across tissues and ages in broiler chickens. These results also illustrate the 
complexity and dynamics of Met converting enzymes regulation by the 
dietary source of Met.

Key Words: L-Met, DL-Met, DL-HMTBA, oxidases, transaminases

P295 Effects of Programmed Nutrition (PN) feeding strategy on the 
production performance, egg quality, bone quality, and liver mineral 
content of brown laying hens Marquisha Paul*GS1, Anthony Pescatore1, 
Tuoying Ao2, Michael Ford1, Harold Gillespie1, Austin Cantor1, Karl 
Dawson2 1University of Kentucky; 2Alltech, Inc.
Early nutrition and feeding strategies are known to have long-term ef-
fects on animal health and performance. The Programmed Nutrition (PN, 
Alltech, Inc.) feeding strategy for laying pullets encompasses feeding a 
post-hatch diet for 72 h that is formulated to optimize nutrient absorp-
tion and metabolism, followed by feeding a PN diet supplemented with 
antioxidants, enzymes, organic trace minerals and reduced levels of ME 
and nutrients. This study was conducted to determine the effects of the 
PN feeding strategy (72 h post-hatch ration + PN diet) and the PN diet 
alone on the production performance, egg quality, bone quality, and liver 
mineral content of brown egg laying hens. A complete randomized design 
was utilized to allocate 252 Hy-Line® Brown commercial hens to one of 
3 dietary treatments: corn-soybean meal (control) diet, PN diet, or total PN 
feeding strategy. Each treatment had seven replicates of 12 hens housed 
in cages in an environmentally controlled room and provided 16L:8D of 
light. Daily egg production, weekly feed intake, and monthly body weight 
and egg quality measurements were collected through 70 wk of produc-
tion. At 70 wk of production bone quality and liver mineral content were 
evaluated. Throughout the 70 wk production phase there was no effect 
of dietary trt on HDP, FI, or FCR (kg/dz). Lower BW (P<0.05) was con-
sistently observed in layers fed the PN diet. Egg wt, egg shell %, egg 
breaking strength, and yolk wt were not affected by dietary trt, however 
layers on the PN diet or PN feeding strategy were found to have increased 
redness (P<0.05) of egg yolks compared to the corn-soy diet over the en-
tire production phase. Despite the decreased nutrient density of the PN 
treatments, at 70 wk of egg production the tibia ash, tibia and humerus 
breaking strength, and liver Cu, Fe, Mn, Zn content were unaffected by 
dietary trt. In conclusion, the PN feeding strategy can be used to reduce 
nutrient density of diets for brown egg laying hens without compromising 
production performance, egg quality, and bone quality. Additionally, the 
PN feeding strategy had the added effect of increasing egg yolk redness, 
which may be useful for meeting yolk pigmentation preferences of some 
segments of the egg market.

Key Words: Early feeding strategy, Programmed Nutrition, brown layers, 
production performance, egg quality

P296 Carcass traits of heritage chicken breeds using sorghum and 
field peas to replace corn and soybean meal in diets Tatijana Fisher*GS1, 
Anthony Pescatore1, Jacquie Jacob1, Austin Cantor1, Mike Ford1, Tuoying 
Ao2 1University of Kentucky; 2Alltech Inc.
The objective of this study was to evaluate the carcass yield and composi-
tion of Rhode Island Reds (RIR) and Barred Plymouth Rocks (BPR) using 
alternative feed ingredients (sorghum and field peas). A 2 x 5 factorial 
arrangement of breeds and dietary treatments was used with the following 
diets: 1) a CSM-based control, 2) 100% of corn and 20% of soybean meal 
in CSM diet replaced with sorghum (SSM), 3) SSM diet with a dietary 
enzyme complex (Allzyme® SSF, Alltech Inc.) added at 0.02% of diet 
(SSM+), 4) complete replacement of CSM with a 2:1 ratio of field peas 
to sorghum (SFP), and 5) SFP diet with Allzyme® SSF added at 0.02% 
of diet (SFP+). Replacement of soy limited dietary protein levels; there-
fore, CSM contained 20% CP, SSM/SSM+ contained 18.5% CP, and SFP/
SFP+ contained 15.3% CP. Birds were housed in floor pens at 0.2 m2/bird 
with diet and water provided on an ad libitum basis. At 98 days of age, 
two male birds per pen were processed and the carcasses were chilled for 
at least two hours. The parameters measured at processing included live 
weight, chilled WOG weight, part weights (boneless skinless breasts, ten-
ders, leg quarters, and wings), and breast meat color. Live weight did not 
differ between breeds, but it differed significantly among diets. The live 
weight of birds fed CSM was similar to those fed SSM or SSM+ (2017 
g); however, birds fed CSM were significantly heavier than birds fed SFP 
or SFP+ (2088 vs. 1860 g, P<0.05). As a percentage of live weight, the 
chilled WOG weights (70.4%) were similar among breeds and diets. As a 
percentage of the chilled WOG weight, there were no significant (P>0.05) 
differences in relative parts weights. The breast meat of RIR birds was 
yellower than the BPR breast meat (2.82 vs. 1.93; P<0.05), but there was 
no significant difference between breeds for lightness or redness. A sig-
nificant (P<0.05) dietary effect was also noted – as corn and soybean meal 
were reduced in the diet, lightness and yellowness of the breast meat de-
creased while redness increased. No breed x diet interactions were noted 
for the parameters measured. In conclusion, the use of sorghum and field 
peas with or without a dietary enzyme complex to replace corn and soy-
bean meal may reduce the live weight and alter the breast meat color of 
heritage breeds, but it does not affect their carcass composition.

Key Words: Heritage breeds, Sorghum, Field peas, Carcass traits

P297 Relative bioavailability of Mn proteinate and Mn oxide through 
tissue Mn uptake in young chicks Masoumeh Gholami*GS1, Abolghasem 
Golian1, Tuoying Ao2, Hassan Kermanshahi1, Saeed Zerehdaran1 1Ferdowsi 
University of Mashhad; 2Alltech Inc, Catnip Pike, Nicholasville, KY, USA
A study was conducted to estimate the tissue uptake of Mn from Mn pro-
teinate (BioplexMn®) or reagent grade of Mn oxide relative to reagent 
grade of Mn sulfate in young broiler chicks. Corn-soybean meal diet with-
out Mn supplementation containing 25 mg/kg Mn was used as a basal diet. 
Nine treatment diets consisted of a basal diet supplemented with three 
pharmaceutical levels of Mn (800, 1,600 and 2,400 mg/kg) from either 
Mn proteinate, Mn oxide or Mn sulphate sources. Six replicate cages of 
five day-old chicks were randomly assigned to each of the nine diets and 
fed for two weeks. Feed and water were supplied ad libitum. MnDietary 
supplementation of increasing level of Mn caused the decrease of feed 
intake and body weight gain of chicks (P < 0.05). Dietary Mn level did 
not influence tibia phosphorus and calcium content. Chicks fed the diet 
containing Mn proteinate had lower (P< 0.01) tibia ash content than those 
fed Mn oxide or sulfate containing diet. Bone ash content and bone break-
ing strength were decreased (P < 0.05) with the increasing supplemental 
level of Mn. Tibia Mn content was significantly higher (P < 0.01) in chicks 
fed the diet containing Mn propionate compared to those fed Mn oxide. 
Tibia, liver and kidney Mn concentrations linearly increased (P < 0.05) as 
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the dietary Mn level increased. Tissue Mn analysis indicated that tibia was 
the most sensitive organ to dietary supplemental level of Mn. Based on 
the slope ratios from multiple linear regression analysis of Mn concentra-
tion in tibia, liver and kidney, the respective relative bioavailability values 
were 116.3, 96 and 165 % for Mn proteinate and 88, 92 and 105.8% for 
Mn oxide when compared to Mn sulfate. The relative bioavailability value 
of Mn proteinate in tibia, liver and kidney were 131.6, 104.3 and 156%, 
respectively when compared to Mn oxide.Thus Mn proteinateis more bio-
available than Mn sulfate or oxide in chicks.

Key Words: tibia, Mn proteinate, Mn oxide, Mn sulfate, bioavailability

P298 Impact of a Bacillus direct-fed microbial supplementation on 
bone quality, digestive traits and performance parameters in 28-days 
old broilers fed Barley/Corn/Soybean-based diets Juan Latorre*GS1, Ross 
Wolfenden2, Jose Vicente2, Xochitl Hernandez-Velasco3, Lisa Bielke4, Billy 
Hargis1, Guillermo Tellez1 1University of Arkansas; 2Pacific Vet Group-
USA, Inc.; 3Universidad Nacional Autónoma de México; 4The Ohio State 
University
A major factor influencing the nutritional value of barley for poultry di-
ets is the concentration of non-starch polysaccharides (NSP). Soluble 
β-glucans are the principal NSP in barley, and are related to increases in 
digesta viscosity, thereby reducing digestibility and nutrient absorption. 
However, the incorporation of dietary β-glucanase has shown reduce these 
antinutritional effects. In the present study, broilers were fed with a starter 
barley/corn (15%)/soybean diet (0-7d) and a barley/corn (20%)/soybean 
grower diet (8-28d) with or without inclusion of a Bacillus-DFM. Day-
of-hatch chicks were randomly assigned to two different groups: Control 
group without DFM (CON) or Bacillus-DFM group (DFM). Eight pens 
of 20 chicks were used per group (n=160). Bacillus-DFM spores were 
included to reach a concentration of 106 spores/g of feed. Performance 
parameters such as: body weight (BW), feed intake (FI) and feed conver-
sion (FCR) were evaluated weekly. Additionally, one broiler per pen was 
humanely killed and the intestinal content from duodenum to Meckel’s di-
verticulum was collected to measure digesta viscosity. Intestinal samples 
were also obtained for determination of total recovered Gram negative 
bacteria (GNB). Simultaneously, both tibias were collected to evaluate 
bone strength (kg/mm2) and bone composition (Ca%, P%). Chickens 
consuming the DFM improved BW and FCR in comparison to control 
(P<0.05). Furthermore, broilers from the Bacillus-DFM group showed a 
significant reduction in both digesta viscosity and recovered GNB. Bacil-
lus-DFM supplementation resulted in increased bone strength and bone 
composition when compared the control group (P<0.05). Results of this 
study suggest that the dietary inclusion of a previously selected Bacillus-
DFM based on in-vitro enzyme production profiles, could contribute to 
enhance bone quality, reduce digesta viscosity and improve both intestinal 
microbial balance and performance parameters in broiler chickens con-
suming diets that contained a considerable percentage of barley.

Key Words: Bacillus-DFM, Barley, Enzymes, Viscosity, Bone quality

P299 Effects of different feed restriction programs on antibody 
response to IBD of broiler chickens Patricia Cruz Aristimunha*GS, Priscila 
Oliveira Moraes, Mariane Possamai Della, Rodrigo Borille, Gustavo Dias 
Lovato, Carlos Ongaratto, Kátia Cardinal, Andrea Machado Leal Ribeiro 
Federal University of Rio Grande do Sul
Feed restriction in broiler has been commonly adopted to control BW, 
alleviate metabolic diseases and reduce mortality. Furthermore, several 
studies have shown that different programs of feed restriction could im-
prove the immunity response in poultry. The objective of this experiment 
was to evaluate the effects of different programs of feed restriction on 
antibody response and performance of broilers. A total of 300 Cobb 500 
male broiler chicks were randomly assigned to 30 pens with 10 birds and 
kept until 35 days of age. At 7 and 14d the birds were vaccinated against 
Infectious Bursal Disease (IBD) (Bursine® Plus, 2,000 doses, via drink-
ing water). All birds received the same corn-soybean meal basal diet in 

each phase (initial, grower and final) and water was being provided at 
libitum. The different programs of feed restrictions were: T1-positive con-
trol, feed ad libitum for 35 days; T2-daytime (7:30am to 7:30pm) feed 
restriction between 8-14d; T3-daytime feed restriction between 3-7d; T4-
daytime feed restriction between 4-6d and 11-13d. T5-All day (24hours) 
feed restriction at the 6th and 13th day. The performance data was collected 
weekly from 1-35 days and the blood samples were collected at 1, 14, 21, 
28 and 35 days to antibody detection by ELISA. The statistical analyses 
were performed using the JMP® Pro (2015) program with the averages 
compared by Tukey test at the 0.05 level of significance. In all phases, 
the T5 showed worse results of BW (P<0.05) compared to T1 and also 
for the entire period (1-35d). The other treatments were intermediate, but 
were not different from T1 (P<0.05). Feed intake and FCR from 1 to 35d 
weren’t affected by treatments, which could be explained by a better feed 
utilization that allowed a compensatory response by the restricted birds. 
There were no treatment effects on antibody titles, although the vaccine 
failed to show a positive response since the titles decreased compared to 
day one. In conclusion, the feed restriction programs 2, 3 and 4 could 
be applied without loses on broilers performances, but antibody response 
against IBD and the efficacy of vaccination and vaccine quality should be 
better evaluated.

Key Words: Feed restriction programs, immunity response, Infectious 
Bursal Disease, poultry

P300 Effect of glycosaminoglycans and vitamin C injected during 
incubation on the bone mineral content in broiler chicks Elaine 
Santos*GS1, Diana Correa Castiblanco1, Liliana Borges1, Carla Domingues2, 
Thays Quadros1, Sarah Sgavioli2, Tiago Petrolli1, Giuliana Garcia1, Natália 
Fonseca1, Diogo Goulart1, Lizandra Amoroso1, Silvana Artoni1 1Sao Paulo 
State University; 2Federal State University of Grande Dourados
The injection of nutrients into eggs can improve the incubation process 
and the chick quality. Due the fast body weight gain and high deposition 
of meat, broilers can show problems in bone structure, increase the occur-
rence of tibial dyschondroplasia. So the aim of the study was to evatue 
the bone mineral content in broiler chicks that received a supplemental 
injection composed of glycosaminoglycans and vitamin C on the fourth 
day of incubation. Four hundred ninety (490), fertile, broiler eggs (Cobb®) 
from 43-week-old breeder hens were used. The experimental design was 
completely randomized with five treatments (non-injected; injected with 
milli-Q water; injected with glycosaminoglycans and vitamin C at per-
centages of 2%, 4%, and 6%, diluted with 100 ul of milli-Q water), dis-
tributed in a single-stage, vertical CASP incubator, with 14 repetitions and 
98 eggs per treatment. Each 100 grams of the supplement were composed 
of the following: 30,000 mg of chondroitin sulfate, 30,000 mg of glucos-
amine, 5,000 mg of vitamin C, and carrier 100 grams. The supplement 
was injected into the albumen, approximately six mm below the eggshell 
on the fourth day of incubation. The injection site was then covered with 
a label identifying the treatment and repetition. Statistical analyses were 
performed using the SAS® (Statistical Analysis System, 2002) program 
with the averages compared by Tukey test at 5% probability. There was 
no significant difference (P<0.05) for the tibio-tarsus bone mineral con-
tent. Maybe, no difference in the mineral content It has not been checked 
immediately on the first day post-hatch, but if these birds were examined 
during growth, we could have gotten different answers to the minerals in 
the bones.Therefore, the intra-egg injection of glycosaminoglycans and 
vitamin C supplement had no effect on the tibio-tarsus bone mineral con-
tent in the chicks in this study.

Key Words: broiler, glycosaminoglycans, vitamin C

P301 Effect of NSP-degrading enzyme on the performance of laying 
hens. Ashley Bigge*GS, Sheila Purdum, Kathryn Hanford University of 
Nebraska-Lincoln
The objective for this study was to test the effectiveness of exogenous 
carbohydrase enzyme additives to improve nutrient utilization of laying 
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hen rations with low oil DDGS. Layer performance was hypothesized to 
vary depending on enzyme formulation inclusion in the diet. There were 
four treatments: Trt 1 was a positive control of corn, soybean meal, and 
DDGS; Trt 2 was a negative control with lower ME and amino acid den-
sity; Trt 3 contained 181.6g/ton of enzyme A, and Trt 4 contained 340.5g/
ton of enzyme B. The enzyme treatments 3 and 4 utilized the same diet 
formula as Trt 2. The first phase of the study was at 23-43 weeks of age, 
and phase 2 was at 43-58 weeks of age. The phase 2 negative control diet 
had a lower ME and density than in phase 1. Each treatment was assigned 
to 12 cages which were organized into 6 randomized complete blocks, and 
contained 3 Bovan White Leghorn hens with 688.17cm2 of floor space per 
bird. The birds were given access to 110g/bird/day and FI was determined 
every week and calculated biweekly. Data collection included hen BWt, 
EP, and EWt. Egg mass and FC were also calculated. The data were ana-
lyzed using Proc Glimmix in SAS for treatment, time, and treatment by 
time interaction effects. Significant differences for treatments were seen in 
phase 1 for FI (p=0.0001), EWt (Trt 1=58g; Trt 2=58.4g; Trt 3=57.6g; Trt 
4=57g; p≤0.01), FC (Trt 1=1.962; Trt 2=1.986; Trt 3=2.011; Trt 4=2.070; 
p≤0.0001), and BWt at 33 and 43 weeks of age (p=0.01 for both). For 
phase 2 treatments showed significant differences for EP (Trt 1=89.4%; 
Trt 2=90.0%; Trt 3=89.2%; Trt 4=88.5%; p=0.003), FI (p=0.0001), EWt 
(Trt 1=60.98g; Trt 2=59.65g; Trt 3=59.66g; Trt 4=59.7; p=0.036), FC (Trt 
1=1.944; Trt 2=2.01; Trt 3=2.035; Trt 4=2.061; p=0.0001), and BWt at 58 
wks of age (p=0.03). There were no significant differences for treatment 
by time interaction. NSP degrading enzymes failed to improve the nega-
tive control diets in this experiment.

Key Words: NSP degrading enzymes, laying hen, egg production, egg 
wts

P302 Metabolisable energy and nutrient availability of field beans 
for broiler chickens Jalil Abdulla*, S Rose, Alexander Mackenzie, Vasil 
Pirgozliev Harper Adams University
The experiment was conducted to investigate the content of apparent me-
tabolisable energy (AME) and nutrient availability of ten UK field bean 
cultivar samples for broiler chickens. Ten nutritionally complete meal-
form diets that included each field bean sample at 200 g/kg and a balancer 
feed at 800 g/kg were used to determine AME and nutrient availability 
coefficients. To allow linearity testing two more diets were fed: one con-
tained 900 g/kg balancer feed 100 g/kg of one of the bean cultivars and, 
the second was only the balancer feed. Each of the 12 diets was fed to 
8 pens that contained 5 birds following randomisation. The slope ratio 
method (Finney, 1978) was employed to obtain the AME and nutrient 
availability in individual field beans. The determined AME of field beans 
ranged from 8.49 MJ/kg DM (cultivar Sultan) to 10.98 MJ (cultivar Di-
vine) (P<0.001). The dry matter retention (DMR) coefficient ranged from 
0.345 to 0.543, as Sultan and Buzz had the lowest, and Honey the highest 
coefficients. Similarly to DMR, the coefficients for fat digestibility (FD) 
and nitrogen retention (NR) were relatively low (P<0.05) for bean culti-
vars Buzz and Sultan, 0.740 and 0.850, and 0.459 and 0.534, respectively. 
Regression analysis indicated that the amount of crude protein and phytate 
in the field beans were related (P<0.05) to the AME to gross energy (GE) 
ratio of the diets. There was also a negative correlation between hydrolys-
able tannin contents and AME:GE ratio (P<0.05). In conclusion, there is 
an indication from these samples that the feeding quality of different field 
bean cultivars can be predicted by their protein, phytate and hydrolysable 
tannin contents. These field bean sample characteristics could be used as 
a rapid test of the nutritive quality. Future research is needed to confirm 
whether the relationship between phytate and hydrolysable tannin content 
and available energy of beans remains when pelleted and enzyme supple-
mented feeds are given.

Key Words: field beans, AME, nutrient availability, chicks

P303 Effect of Organically Complexes Zinc on Broiler Performance, 
Zn Concentration of Tibia and Immune response Fereshte Gholami*, 
Farid Shariatmadari, Somayeh Kamran Azad Tarbiat Modares University
This experiment was conducted to investigate the effect of feeding dif-
ferent concentrations and forms of zinc (Zn) on the performance, tibia Zn 
status, blood parameters and Immune response in 0–4-wk broiler chicks. 
Dietary treatments included the corn–soybean meal-based diet (negative 
control), and the basal diet supplemented with 20, 50, or 80 mg of added 
Zn/Kg as ZnSO4 or Zn-Methionine. The results showed that birds fed Zn 
supplemented diets had higher AWG and AFI than birds fed the control 
diet (P<0.01). At the end of the experiment, the Zn deposition in tibia 
increased (P<0.01), regardless of source, in response to increasing dietary 
Zn concentrations. Tibia Zn concentrations were also strongly related to 
the dietary Zn source origin, as organically bound Zn significantly in-
creased the Zn content compared to inorganic supplementation (P<0.05). 
Moreover, blood biochemical parameters and immune response were not 
affected by Zn forms and levels (P>0.05). Results from the present study 
demonstrated that supplementation with 50 mg Zn may be sufficient for 
normal broiler growth to 28 d of age and the dietary inclusion of organic 
Zn could be utilized more effectively when compared to inorganic sources.

Key Words: : Blood Parameters, Broiler Chicks, Growth Performance, 
Immune response, Zinc.

P304 Production parameters and egg quality of laying hens 
supplemented with vitamin E, selenium and canthaxanthin Mariane 
Fernandes*, Alexandre Rosa, Angélica Londero, Alexandre Mariani, Ana 
Cougo, Adrian Ertmann, Janaina Moura, Pedro Feltrin Universidade 
Federal de Santa Maria
The objective of this study was to evaluate the effect of diets with added 
canthaxanthin (CTX), vitamin E and selenium on internal and external 
quality in eggs with different storage time (0, 7 and 21 days) and evaluate 
your production parameters. In total, 320 laying hens Novogen Brown 
lineage (40 to 47 weeks of age) were used in the Poultry Science Labo-
ratory-LAVIC at Federal University of Santa Maria (UFSM) The treat-
ments were: diet negative control (CN); diet with addition of 6mg/kg of 
canthaxanthin (DCX); diet with200 mg/kg of vitamin E (DVitE); diet with 
0.4mg/kg of selenium (DSE); and diet with 6mg/kg of canthaxanthin plus 
200mg/kg of vitamin E plus 0.4mg/kg of selenium (DCX+DVitE+DSE). 
The hens were distributed in a completely randomized design, totaling five 
treatments with eight replicates of eight laying hens each. The parameters 
production evaluated were: egg production rate, body weight, feed intake 
an egg weight. The parameters of egg quality evaluated were: yolk color, 
egg membrane strength (VMS) and yolk, shell and albumen weights. The 
egg production rate and eggs weight were calculated weekly for each rep-
licate. To determine egg quality the variables were separated three eggs 
per replicate according to egg weight (within a range of 2.5% variation). 
To determine VMS were using TA.XT Plus Texture Analyzer 123 with 3 
eggs yolks by replicate. To determine the yolk color in this study was used 
the colorimetric range (DSM color fan) with scale of 1 to 15, being 1 – 
light yellow and 15 - orange. Data were submitted to variance analysis and 
when significant differences were detected at, 5% it was used the Tukey 
test. The treatments DCX+DVitE+DSE (60.88 g) and DSE (60.84g) 
showed better results for egg weight (P = 0.0211) when compared to diet 
CN (59.06g), non-differing from the other treatments. Supplementation of 
canthaxanthin and canthaxanthin plus selenium plus vitamin E increased 
yolk color of eggs (P<0.0001). Body weight, feed intake, egg production 
and yolk, shell and albumen weights were not affected by the treatments 
(P>0.05). It can be concluded that supplementation of selenium and se-
lenium together canthaxanthin and vitamin E increased the weights and 
yolk color eggs.

Key Words: feed additives, productive performance, egg quality, laying 
hens, storage time
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P305 Dietary pearlzyme as a regulator of performance and 
development of digestive organs in broilers Seokmin Kang*1, Jimin 
Kim1, Jeong Yong Yoon1, Young-Rok Yang1, Won Kim2, Jung-Soon 
Jang3, Yang-Ho Choi1 1Gyeongsang National University; 2Mill Tech, Inc.; 
3Pearlzyme, Inc.
We investigated the effects of dietary pearlzyme (mudflat-bacteria origin 
protease) on growth performance and development of digestive organs in 
broilers. Two hundred forty, 4 day-old female Ross broiler chicks were di-
vided into 2 groups (control vs. pearlzyme) which were randomly housed 
in 8 pens with 15 chicks/pen. They were fed for 4 weeks one of two diets 
containing pearlzyme at 0 or 0.1%. Dietary pearlzyme resulted in sig-
nificant increase in body weight during the first week of the experiment 
(p<0.05). With age, weight gain and feed efficiency continued to decrease 
reaching significant level during the last week. Mortality was 3.3% in con-
trol but not in pearlzyme during the entire period of the experiment. Di-
etary pearlzyme resulted in increased weights (p<0.05) of the cecum and 
rectum, and increased length of the cecum (p<0.05). However, there was 
tendency to increase the weight of the gizzard (p<0.071) but to decrease 
the length of the small intestine (p<0.068). The results of the current study 
show that dietary pearlzyme affects weight gain and the development of 
digestive organs. 

Key Words: broilers, performance, digestive organs, pearlzyme

P306 Digestible valine requirement for Japanese quail from 1 to 42 
days Danilo Cavalcante*1, Fernando Guilherme Costa1, Cristina Lima1, 
Jose Vidal Jr1, Gabrielle Castro1, Guilherme Lima1, Eduardo Nogueira2, 
Gabriel Sandt Pessoa2 1Federal University of Paraiba; 2Ajinomoto from 
Brazil
The objective of this study was determine the optimal intake of digestible 
valine (dVal) for Japanese quails (Coturnix coturnix japonica) from 1 at 
42 d old. A total 420 Japanese quails with 1 d of age, were distributed in 
a completely randomized design, with 6 treatments (dVal levels), 7 rep-
licates with 10 birds per cage. The levels of dVal used were 0.83, 0.89, 
0.95, 1.01, 1.07 and 1.113%, with 1.083% of dVal. The study was divided 
into two phases, from 1 to 21 and 22 to 42 d, but with the same levels 
of dVal and digestible lysine. Were analyzed the feed consumption (FC, 
g/quail), final body weight (BW, g/quail), body weight gain (BWG, g/
quail) and feed conversion ratio (FCR, g/g). Data were analyzed by one 
way ANOVA using the GLM procedure of SAS and regression analysis. 
In the phase from 1 to 21 d, the levels of dVal influenced the BW, BWG, 
and FCR of the quails, as the final BW (p<0.01; BW=-165.27dVal2 + 
314.74dVal - 61.852 ;R² = 0.86), BWG (p<0.01; BWG=-167.92dVal2 + 
319.87dVal - 71.763; R² = 0.89), and FCR (p=0.002) (FCR=11.221dVal2 
- 21.246dVal + 13.571; R² = 0.91) had a quadratic effect, with optimum 
dVal levels in 0.950%. The FC was not affected (p>0.05) in the phase. In 
the next phase from 22 to 42 d there was no effect of dVal levels about 
any variable, wen the lowest level (0.83%) was sufficient to supply the re-
quirement of the dVal in that phase. In conclusion, we recommend a level 
of 0.95% and 0.83% dVal for Japanese quails from 1 to 21 d and from 22 
to 42 d, respectively.

Key Words: ideal protein, growth, optimal performance

P307 In ovo threonine supplementation and post-hatch intestinal 
morphology of chicks challenged with Salmonella Enteritidis Alexandre 
Moreira Filho*, Patrícia Givisiez, Celso José Oliveira, Alessandra Azevedo, 
Maria De Fátima Andrade, Candice De Leon, Cristina Lima, Silvana 
Santos Federal University of Paraíba
The use of nutrients involved in intestinal immune response may be a vi-
able alternative for improving chick response to pathogens. High dietary 
threonine levels enhance mucus production in chickens when supple-
mented post-hatch, which is supposed to be associated with improved in-
testinal integrity and to help preventing colonization by Salmonella. This 
study aimed to test the hypothesis whether in ovo threonine (Thr) supple-

mentation could improve intestinal morphology of birds inoculated with 
Salmonella Enteritidis (SE). Fertile eggs were inoculated in the amniotic 
fluid with saline (control) or 3.5% threonine solution at 17.5 days of in-
cubation. At hatch, chicks were individually weighed and cloacal swabs 
were sampled for Salmonella screening. At 2 days of age (2d), half of 
the birds of each in ovo treatment were given either 0.5 mL of nutrient 
broth (sham-inoculated) or nalidixic-acid resistant Salmonella Enteritidis 
in nutrient broth (8.3 x 107 CFU SENal+/mL). The birds were distributed 
according to a completely randomized design with four treatments after 
challenge with Salmonella: no Thr supplementation in ovo and sham-
inoculated in the post-hatch challenge (NT-SHAM); in ovo Thr supple-
mentation and sham-inoculated (T-SHAM); no Thr supplementation in 
ovo and SENal+-challenged (NT-SE); and in ovo Thr supplementation and 
SENal+-challenged (T-SE). Four birds per treatment were slaughtered on the 
day of hatch, and at 24 and 96 hours after inoculation (hpi) and the me-
dial region of the jejunum was sampled for histology analyses. In ovo Thr 
supplemented birds showed better (p<0.05) crypt depth, villus:crypt ratio, 
villus width and villus area, but no difference for villus height (315,0µm 
vs 311,2µm). T-SHAM and T-SE showed similar results (p>0.05) for vil-
lus height, crypt depth, villus:crypt ratio, villus width and villus area at 24 
and 96 hours hpi, which were better (p<0.05) than those of NT-SE birds. 
Our results suggest that providing in ovo threonine promotes intestinal 
health improvements in broilers challenged with Salmonella Enteritidis in 
the first days of life.

Key Words: immunity, immunomodulation, incubation, histology, 
intestinal Health

P308 Digestible valine requirement for laying Japanese quail 
Cavalcante Cavalcante*1, Fernando Guilherme Costa1, Cristina Lima1, 
Luzia Silva1, Guilherme Lima1, Sarah Pinheiro1, Matheus Lima1, Gabrielle 
Castro1, Eduardo Nogueira2, Gabriel Sandt Pessoa2 1Federal University of 
Paraiba; 2Ajinomoto from Brazil
A study was conducted to establish the dietary valine (dVal) requirement 
of Japanese quails (Coturnix coturnix japonica). Experimental diets were 
formulated to contain 0.692, 0.752, 0.812, 0.932 and 0.992% dVal and 
were fed to 6 replicate cage of 8 quails per cage. Feed consumption (FC, 
g/quail), egg production (EP, egg/day*100), egg weight (EW, g/egg) and 
egg mass (EM, g/egg), and feed conversion per egg mass (FCEM, g/g) 
and feed conversion per dozen eggs (FCDE, kg/dz) from each cage were 
recorded. Data were analyzed the one way ANOVA using the GLM proce-
dure of SAS and regression analysis. Based on the results, there was great 
influence of dVal on Japanese quails performance. The EP (p=0.012) had 
a quadratic effect (EP=-132.72dVal2 + 209.93dVal + 4.620685; R2=97.8) 
in the same manner as the EM (p=0.005) (EM=-19.43dVal2 + 30.91dVal - 
1.65; R2=97.1), and the FCEM (p=0.035) (FCEM 6.62dVal2 -10.93dVal + 
7.54; R2=84.04). For these variables, the optimal levels determined by the 
equations were 0.791, 0.795 and 0.825% dVal, respectively. In this trial 
FC (p=0.675) and EW (p=0.721) were not influenced by levels of dVal. In 
conclusion, a dietary level of diet with 0.825% of dVal for Japanese quails 
improve the egg production.

Key Words: egg production, ideal protein, optimal performance

P309 Hydrolyzed yeast in laying hen diets Natalia Koiyama*1, Bruno 
Locatelli2, Cristiane Araújo1, Melina Bonato3, Lucio Araujo1 1University of 
São Paulo; 2Federal University of Grande Dourados; 3ICC
A study was conducted to evaluate levels of hydrolyzed yeast in the diet of 
laying hens from 48 to 68 weeks of age in performance production and egg 
quality. A total of 256 laying hens were distributed in a completely random 
design of 4 treatments with 0.0, 1.0, 2.0, and 4.0 kg/t of hydrolyzed yeast 
and 8 replications with 8 birds per cage. Data were subjected to analysis 
of variance and polynomial regression (P <0.05). The equations were ad-
justed with respect to all the observed data, which explains the value of R2. 
Feed consumption, egg production, mass and weight of the eggs showed 
cubic polynomials responses. Equations were derived from the maximum 
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values were found: feed consumption 104.33 g/bird/day (R2=0.20) in the 
level of 3.17 kg/t additive, egg production 99.77% (R2=0.29) in the level 
of 3.12 kg/t, egg mass 60.92 g in the level of 3.10 kg/t, and egg weight 
66.07 g (R2=0.11) in the level of 3.10 kg/t. The feed conversion ratio per 
dozen of eggs showed linear response (Y=1.42567 – 0.01648x; R2=0.07), 
the treatment 2 and 4 kg/t of the additive did not differ. The height of the 
albumen, shell strength and percentage of non-commercial eggs showed 
quadratic polynomial responses, were found 8.45 mm (R2=0.02) in the 
level of 2.93 kg/t, 3.55 kgf (R2= 0.01) at 2.30 kg/t, 0.66% (R2=0.37) at 
2.82 kg/t of additive, respectively. Egg shell thickness response showed 
linear increasing (0.35464 + 0.00177x; R2 = 0.008), the use of hydrolyzed 
yeast resulted in 2.86% thicker shells than the control. No significant dif-
ferences were observed between treatments for Haugh unit and yolk color 
eggs. The hydrolyzed yeast added in laying hens diet of 48 to 68 weeks 
of age increases growth performance and eggs quality. In conclusion, the 
inclusion of 3.11 kg/t of hydrolyzed yeast increase egg production and 
benefiting egg quality, without affecting the feed conversion ratio of birds.

Key Words: egg production, egg quality, mannan-oligosaccharide, 
prebiotic, Saccharomyces cerevisiae

P310 Welfare of Broilers Ingesting a Pre-Slaughter Hydric Diet of 
Lemon Grass Ana Flávia Royer*, Rodrigo Garcia, Irenilza Nääs, Fabiana 
Caldara, Sarah Sgavioli, Beatriz Roriz, Cristina Ayala Federal University 
of Grande Dourados
The pre-slaughter period is considered critical in broiler production. Sev-
eral factors contribute to increase the birds’ stress, such as handling, har-
vesting, and transportation, negatively affecting their welfare. This study 
aimed at evaluating the addition of lemon grass (Cymbopogon citratus 
Stapf) to the drinking water of broilers during the pre-slaughter period 
on their behavior, blood cortisol, and surface temperature. The study was 
carried out at the experimental farm of the Federal University of Grande 
Dourados (UFGD), Dourados, MS, Brazil. In total, 2594 broilers were 
distributed according to a completely randomized experimental design, in 
a 3x2x2 factorial arrangement, with four replicates per treatment. Treat-
ments consisted of three different lemon grass levels (Cymbopogon ci-
tratus Stapf) used in the form of an infusion (0, 0.1, and 5 g per L of 
water), sex (male or female), and genetic strain (Ross® 308 or Cobb® 
500). The infusion was offered when birds were 42 days old. On that day, 
blood was collected for blood cortisol level determination, broiler surface 
temperature was recorded, and an ethogram was applied to register broiler 
behavior. Blood cortisol level and broiler surface temperature were not 
affected by treatments (p>0.05). The behavior of beak opening was dif-
ferent between the genetic strains (p<0.05), being more frequent in Ross® 
308 broilers. Lemon grass water content did not affect broilers’ surface 
temperature when consumed during the pre-slaughter period.

Key Words: Behavior, blood cortisol, phytotherapy, body surface 
temperature

P311 The Link Between Egg Shell Quality, Bone Alkaline Phosphatase, 
and Tartrate Resistant Acid Phosphatase in Breeder Hens and Their 
Progeny Craig Coon*, Andrew Magnuson, Justina Caldas, Judy England, 
Garrett Mullenix, Nirun Boonsinchai University of Arkansas
Broiler breeder hens are subject to the dual expectation to not only main-
tain a high production of eggs, but to produce eggs which will then hatch 
into chicks that have the ability to develop strong bones or egg shells if 
they become hens themselves. The inheritability of these traits was mea-
sured using two enzymes: Tartrate resistant acid phosphatase (TRAP), and 
Bone alkaline phosphatase (BAP) to determine if there is a correlation be-
tween these enzymes, bone quality, egg shell quality, and the bone quality 
of the hens’ progeny. In order to investigate this, 2 studies were conducted 
utilizing breeders hens which were fed a standard breeder diet and had 
their eggs collected every day for 16 weeks. Twice a week the eggs were 
measured using dual energy x-ray absorptiometry (DEXA) to determine 
the mineral concentration. For the first study the hens were divided into 

poor and good egg shell groups from the DEXA information and then had 
their eggs set for hatch and reared until 10 days of age. The progeny were 
euthanized and had their blood and left tibias collected for measurement 
of BAP, TRAP, bone ash, and tibia breaking strength. At the end of both 
studies, blood was collected from each hen within 30 minutes of oviposi-
tion and then they were euthanized and had their left tibias collected. For 
the first study, the poor egg shell quality hens had a higher concentration 
of TRAP (4985.2 ± 1306.4 U) and a lower BAP concentration (253.19 
± 87.2 pg/ml) compared to the good egg shell hens which had a lower 
TRAP concentration (2203.4 ± 745.2 U) (P < 0.003) and higher BAP con-
centration (326.49 ± 108.2 pg/ml) (P < 0.023). Progeny of the poor shell 
hens had a higher TRAP concentration (23590.7 ± 6156.6 U) and a lower 
BAP concentration (312.4 ± 112.6 pg/ml) than the progeny of the good 
shell hens which had a TRAP concentration (18012.9 ± 4527.3 U) (P < 
0.042) and BAP concentration (372.3 ± 130.4 pg/ml) (P < 0.001). For the 
second study the poor egg shell hens had once more a higher concentra-
tion of TRAP (1232.4 ± 382.6 U) and lower BAP (292.4 ± 101.2 pg/ml) 
compared to the good egg shell hens which had a lower TRAP (872.4 ± 
302.5 U) (P < 0.039) and higher BAP (682.3 ± 298.2 pg/ml) (P < 0.025). 
These findings suggest that there is a positive correlation between egg 
shell thickness and the blood concentration of BAP, and a negatively cor-
relation between shell thickness and TRAP, and that these enzymes con-
centrations are heritable.

Key Words: TRAP, BAP, Bone, Egg Shell, Breeder

P312 Relationship between Phosphorus Retention and FGF23 in 
Breeder Hens and Broilers Craig Coon*, Andrew Magnuson, Nirun 
Boonsinchai, Justina Caldas, Karen Vignale, Judy England University of 
Arkansas
Having the correct amount of dietary phosphorus for poultry is impor-
tant for meat and egg production, as it is not only necessary to meet the 
requirements of the birds in order to maximize production, but also to 
minimize P excretion for environmental concerns. The theoretical dietary 
requirement of NPP for broilers and breeders is estimated to be 0.40%, but 
phosphorus begins to show up in the excreta for both broilers and breed-
ers at approximately 0.23% NPP and increases as dietary phosphorus in-
creases. Fibroblast growth factor 23 (FGF23) is synthesized by osteoclasts 
in the bone and acts to promote the degradation of 1,25-dihydroxyvitamin 
D and inhibit its synthesis, and increase the excretion of phosphorus at 
the kidney suggesting that it is potentially involved in this phosphorus 
retention threshold. Three experiments were conducted to investigate the 
role of FGF23 in phosphorus retention involving 2 studies with breeders 
and 1 with broilers. Results show as phosphorus in the diet increased so 
did plasma inorganic phosphorus with a plateau at approximately 0.23% 
dietary NPP where it stopped increasing indicating a saturation of phos-
phorus. Conversely, phosphorus in the excreta was constant until 0.25% 
dietary NPP where it began to increase. FGF23 concentration in the plas-
ma increased from 0.15% NPP to the 0.20% NPP treatment where it pla-
teaued and remained constant regardless of any increase of dietary NPP. 
The sudden plateau of phosphorus in the blood at 0.23% NPP and increase 
in phosphorus excretion at 0.25% may indicate a saturation of phosphorus 
in the body. The increase in concentration of FGF23 coincides with the 
plateau of plasma inorganic phosphorus and increase in excreta phospho-
rus, which suggests it is a part of the regulation of removing phosphorus 
once it reaches a certain concentration in the broiler and breeder. The bone 
is involved in regulating the P retention threshold for both meat and egg 
producing poultry.

Key Words: FGF23, Phosphorus, Calcium, Breeder, Retention

P313 Non-essential nitrogen sources and essential: total nitrogen 
ratios in poultry diets Rosana Maia*, Bruno Faria, Diego Da Silva, Luiz 
Albino, Horacio Rostagno Universidade Federal de Viçosa
The reduction of dietary protein levels can lead to limitation of the nones-
sential nitrogen (NNe) for broiler’s performance. Thus the definition of 
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an optimum essential (Ne): total nitrogen (Nt) ratios in low protein diets 
could be important tool for optimal performance and efficiency of protein 
utilization. The objective of this study was to evaluate the effect of differ-
ent dietary Ne:Nt ratios on the performance of broiler chickens from 8 to 
21 days old. It was used 300 males broiler chickens, Cobb 500, distributed 
in a completely randomized design with 6 treatments, 10 replicates and 5 
birds per experimental unit. Treatments consisted of six Ne:Nt ratios T1 
= Basal diet with 185 g/kg CP (56.95%);T2 = T1+ Glycine (47.06%); T3 
= T1+ Alanine (47.06%); T4 = T1+ Glutamic Acid (47.06%); T5 = T1+ 
Mixture (Gly+Ala+Glu) and T6 = Control diet 222.5 g/kg CP (47.06%). 
To calculate the essential nitrogen it was considered the nitrogen content 
of each essential amino acid present in the diet. It was evaluated the pa-
rameters for weight gain, feed intake and feed conversion from 8 to 21 
days old. The performance data were analysed using SAS (Statistical 
Analysis System), F test (α = 0.05) and subsequently compared by Stu-
dent Newman Keuls (SNK) test (α <0.05). The glycine supplementation 
worsened the broiler’s performance compared with others treatments, it 
might be caused by the amount of glycine added that could have had a 
toxic effect. The birds fed with 56.95% Ne:Nt ratio had higher feed intake 
and worse feed conversion ratio than birds fed with 47.06%. It was not 
found significant difference for final body weight, feed intake, weight gain 
or feed conversion ratio between the treatments with 47.06% Ne:Nt. The 
use of diet formulated with intact protein to reach 47.06% had the same 
results when it was used low protein and added of non-essential amino 
acids. In conclusion, the use of alanine, glutamic acid or the mixture (Gly+ 
Ala+Glu) in diets with low protein increases the broiler’s performance.

Key Words: Alanine, glycine, glutamic acid, nitrogen ratios, performance

P314 Variation of crude protein and amino acids contents in corn, 
wheat, and barley among different origins Su Hyun An*, Changsu Kong 
Konkuk University
The objective of this study was to investigate the variability of crude pro-
tein (CP) and amino acids (AA) contents in cereal grains imported from 
different origins to South Korea from 2006 to 2015. Four hundred fifty 
corn samples from 7 countries, 83 wheat samples from 7 countries, and 58 
barley samples from 3 countries were analyzed for CP and 4 AA including 
Lys, Met, Cys, and Thr. The analyzed CP and AA concentrations of the 
cereal grains differ (P < 0.05) among origins, except for CP in barley and 
Met in wheat. The CP concentrations in the corn, wheat, and barley ranged 
from 7.13% (Brazil) to 7.68% (India), from 10.6% (Ukraine) to 13.3% 
(Brazil), and from 9.52% (India) to 10.5% (Ukraine), respectively. The 
Lys concentrations in the corn, wheat, and barley ranged from 0.18% (Ro-
mania) to 0.24% (China), from 0.26% (Australia) to 0.34% (China), and 
from 0.22% (India) to 0.31% (Australia), respectively. The analyzed AA 
to CP ratios of the cereal grains were different (P < 0.01) among origins, 
except for Thr:CP of wheat. The CP and Lys concentrations in the cereal 
grains were positively correlated, but the regression coefficient (r2) were 
low. The prediction equations for the Lys concentration (%, as-fed basis) 
in each cereal grain were developed with CP concentration (%, as-fed ba-
sis) as an independent variable: Lys = – 0.033 + 0.034 × CP (r2 = 0.14) in 
the corn; Lys = 0.108 + 0.015 × CP (r2 = 0.34) in the wheat; Lys = 0.096 
+ 0.019 × CP (r2 = 0.31) in the barley. In conclusion, the present study 
showed that there were variations in the CP and AA contents of the cereal 
grains used in the present study and these variations should be considered 
when formulating poultry diet.

Key Words: amino acid, cereal grain, crude protein, origins

P315 Variability in the nutrient composition of cereal grains from 
different origins Jinyoung Lee*, Changsu Kong Konkuk University
Nutrient composition of individual feed ingredient in mixed feed should 
be known for accurate feed formulation for poultry. However each feed 
ingredients could be different depending on origin. Therefore, this study 
was conducted to investigate the variability among origins in the nutrient 
compositions of corn, barley, and wheat grains. The cereal grains inves-

tigated in the present study were from 7 countries for 450 corn samples, 
from 3 countries for 60 barley samples, and from 7 countries for 76 wheat 
samples, and they were imported to Korea from 2006 to 2015. All of the 
grain samples were analyzed for dry matter, ether extract (EE), crude fi-
ber (CF), ash, calcium (Ca), phosphorus (P), and gross energy (GE). All 
the analyzed nutrients and GE concentration of corn differed (P < 0.05) 
among countries and the GE in corn samples ranged from 3,836 kcal/kg 
(Ukraine) to 4,009 kcal/kg (India). There were also differences among 
countries in the moisture, CF, Ca, P, and GE in barley (P < 0.05) and 
the moisture, ash, and P in wheat (P < 0.05). The GE values in barley 
and wheat samples ranged from 3,894 kcal/kg (India) to 4,059 kcal/kg 
(Australia) and from 3,884 kcal/kg (Romania) to 4,058 kcal/kg (USA), 
respectively.The most different nutrient among origins was Ca and the 
coefficients of variation were 22.93% for corn, 18.92% for barley, and 
20.54% for wheat. In conclusion, there were variations among countries 
in the nutrient and GE contents in corn, barley, and wheat investigated 
in the present study and it is necessary to consider these variations when 
formulating poultry diet.

Key Words: barley, corn, location, variation, wheat

P316 Concentrations of the Mannan-Binding Lectin in broilers fed a 
yeast fermented product and vaccinated against the Newcastle virus 
Raul Cortes Coronado*1, Sergio Gomez Rosales2, Maria De Angeles2, Marie 
Casaubon3 1Faculty of Higher Studies Cuautitlan, National Autonomous 
University of Mexico; 2National Center of Disciplinary Research in Animal 
Physiology, INIFAP; 3Poultry Science Department, University City, 
National Autonomous University of Mexico.
The objective of this research was to evaluate the serum concentrations of 
the mannan-binding lectin (MBL) at different ages in broilers fed increas-
ing amounts of a yeast fermented product (YFP) and inoculated with a 
vaccine against the Newcastle disease virus (NDV). Eighty mixed Ross 
B308 broilers were individually housed. Groups of 20 broilers were ran-
domly assigned to four dietary levels of YFP (0, 400, 800 and 1600 ppm). 
Birds had free access to feed. Serum concentrations of MBL were deter-
mined on days 17, 21, 28 and 35. At 21 days, birds were vaccinated against 
NDV and the titers of antibodies (Ab) against NDV were determined at 35 
days of age. MBL data was subjected to the MIXED procedure; ANOVA 
was used for Ab and performance data; linear regression analyses were 
also run. The increasing levels of YFP did not have any effect on the serum 
concentrations of MBL across the sampling days. The concentrations of 
MBL showed a quadratic pattern (P < 0.05) across the sampling days with 
a decreasing trend by day 35. Vaccination against NDV did not have any 
effect on the serum concentration of MBL. The Ab titers showed a cubic 
pattern (P < 0.05) having the lowest titers at the highest dietary YFP. In 
conclusion, the serum concentrations of MBL decreased over time, reach-
ing the lowest value at 35 days of age, but the consumption of YFP did not 
affect the concentrations of MBL during the experiment but diminished 
the titers of Ab to NDV at 35 days of age. The vaccination against NDV 
did not affect MBL concentrations at 35 days of age.

Key Words: Broiler chickens, Yeast fermented product, Newcastle 
vaccination, MBL concentrations

P317 Evaluation of multiple zinc levels and sources on male broiler 
performance and processing yield Kyle Brown*UG1, Pat Welch2, Kendre 
Stringfellow2, Melanie Roux2, Bob Buresh2, Rocky Latham1, Christine 
Alvarado1, Jason Lee1 1Texas A&M University; 2Novus International Inc.
The impact of multiple levels of zinc from multiple commercial sources 
on broiler growth performance and processing yield was evaluated in a 4 
x 3 factorial experiment. Each source of zinc (A, B, C, and D) was fed at 
40, 100, and 160 ppm with all other trace minerals consistent across treat-
ment. The experimental design consisted of a total of twelve treatment 
groups with ten replicates per treatment and 24 chicks/rep placed on used 
litter. A large basal diet was manufactured free of a trace mineral premix 
and methionine. Custom trace mineral premixes of each of the 4 sources 
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at the three different levels were then added along with methionine as one 
of the trace mineral sources (product A- Mintrex® Zn) contributed me-
thionine to the diet. Parameters evaluated were feed consumption, body 
weight, tibia zinc concentration, mortality corrected feed conversion ra-
tio (FCR), processing yield and product quality (woody breast and white 
striping determination). On day 43, following an 8 hour feed withdrawal, 
five male broilers per pen were processed, immersion chilled, deboned for 
carcass and breast yield determination, and evaluation of woody breast 
and white striping. An interaction was observed between source and zinc 
level regarding body weight throughout the experiment. The interaction 
observed was associated with product C, as the 160 ppm level decreased 
body weight compared to the 100 ppm level which continued through-
out the entirety of the experiment. Additionally, an interaction was ob-
served in starter FCR as increasing zinc levels with Product A reduced 
observed FCR while increasing zinc levels did not impact FCR with any 
other source. Cumulative FCR (d 1-42) was impacted by source however 
not zinc level. Product A and D exhibited decreased (p<0.05) FCR com-
pared to product C with B being intermediate. Zinc concentration of the 
tibia increased as zinc level increased (p<0.05) in the diet with 100 and 
160 ppm having a higher concentration in the bone compared to 40 ppm. 
Carcass yield and breast quality (woody breast and white striping) was not 
impacted by zinc source or zinc level. In conclusion, these data suggest 
that zinc level necessary to impact growth performance is dependent upon 
source and that meat quality does not seem to be influenced by increasing 
zinc level up to 160 ppm.

Key Words: zinc, performance, yield, broiler, meat quality

P318 Feasibility of using Elusieve processing to improve the 
nutritional profile of feed ingredients used in commercial poultry 
diet formulation Ana Beatriz Oliveira*UG, Wei Zhai, Kelley Wamsley 
Mississippi State University
Due to the costs of feed and feed manufacture for rearing poultry, it is 
important to explore technology that may enhance the nutritional value of 
feed ingredients to optimize bird performance and streamline production 
costs. One technology of interest is the Elusieve process, which has the 
potential to remove fiber from a variety of feed ingredients. The Elusieve 
process uses the combination of sieving and air classification (Elutriation) 
to separate fiber from feeds. The objectives of this research were to deter-
mine: 1) the repeatability of the fractionation process for corn, soybean 
meal, corn distiller’s grains and solubles (DDGS) and low fat corn DDGS; 
and 2) the effect of the fractionation process on true amino acid digestibil-
ity (TAAD) of the elusieve fractionations, using cecectomized roosters. 
Ingredients were processed through the MSU Elusieve pilot plant as a ran-
domized complete block design, with four replications for each ingredient 
(experimental unit of 454 kg). All fractions were weighed; samples were 
obtained for nutrient analysis. Elusieve fractionations were classified as 
beginning, enhanced, and fiber; resulting TAAD was observed with four 
replications for each feed ingredient (and fractionation) tested. After a 24 
h fast, 30 g of each sample was precision fed to an individual rooster, with 
four roosters fed per feed ingredient sample. Data demonstrated that the 
repeatability of the fractionation process was consistent, as weight varia-
tions of the varying fractionations did not differ between the same ingre-
dient (P>0.05). Beginning and enhanced corn and low fat DDGS TAAD 
data consistently demonstrated improved digestibility for most of the 
tested amino acids, as compared to proposed fiber fractionations (P<0.03). 
The Elusieve process had no effect on TAAD of soybean meal fraction-
ations (P>0.05) with the exception of histidine, which demonstrated de-
creased digestibility for the proposed fiber fractionation (P=0.046). For 
regular DDGS, TAAD was improved for only beginning fractionations 
for the following amino acids: alanine (P=0.01), histidine (P=0.03), leu-
cine (P=0.01), phenylalanine (P=0.03), and tyrosine (P=0.03). These data 
demonstrate that corn, soybean meal, low fat DDGS and regular DDGS 
can be processed through the MSU Elusieve pilot plant with little variation 
among fractionation yields. While TAAD data was not consistent, it did 

demonstrate feasibility for corn and low fat DDGS to be processed using 
the Elusieve pilot plant. 

Key Words: True amino acid digestibility, Feed manufacture, Elusieve 
process, Feed ingredients

P319 The effect of herbal medicine on immune system, blood 
biochemical parameters, intestinal microbial population and 
performance of broilers Shaban Rahimi*, Mohammad Amir Karimi 
Torshizi, Mohammad Mahdi Ayyari, Saeed Yakhkeshi, Gholamreza Zaboli 
Tarbiat Modares University
This study was conducted to compare the effects of a novel herbal medi-
cine with antibiotic, a commercial herbal medicine and coneflower on im-
mune system, blood biochemical parameters, intestinal microbial popu-
lation and performance of broiler chickens. A total of 300 one-day old 
male broilers (Ross 308) were randomly allocated to 5 treatments, 6 rep-
licates with 10 birds/pen in a completely randomized design. Treatments 
were contained basal diet (control), novel herbal medicine (Immunosup-
port®), commercial herbal medicine (Immunofen®), antibiotic (Virginia-
mycin) and medicinal plant (purple coneflower) in a ratio of 1 to 1000 
in drinking water. The highest body weight gain obtained by antibiotic 
treatment (P<0.05). The lowest and the highest feed conversation ratio 
obtained by control and antibiotic treatments, receptivity (P<0.05). More-
over, the herbal medicines caused to increase number of usefull microbial 
population of intestine like lactic acid bacteria, and decrease the growth 
of coliforms and total aerobic bacteria. Also, Immunosupport® showed the 
highest cell mediated immune response, and lowest serum cholesterol and 
triglyceride compared to the other treatments (P<0.05). According to re-
sult of this experiment Immunosupport® can be used as antibiotic alterna-
tive in poultry production.

Key Words: Medicinal plants, immune system, broilers, performance

P320 Effects of royal jelly, honey and ethanolic extracted propolis 
on immune system of Japanese quails (Coturnix coturnix japonica) 
Sakineh Babaei1, Shaban Rahimi*1, Mohammad Amir Karimi Torshizi1, 
Naser Khaleghi Miran1, Gholamhosein Tahmasebi2, Amin Rahimi3 
1Tarbiat Modares University; 2Animal Science Research Center; 3Islamic 
Azad University
This study was conducted to determine the effects of royal jelly, honey and 
ethanolic extracted propolis on immune system of Japanese quails. A total 
of 128 mixed-sex quail chicks were distributed in a completely random-
ized design into 4 treatments and 4 replications with 8 birds/cage. Experi-
mental groups included control diet (not supplemented), ethanolic extract 
of propolis 1000 ppm (EEP), royal jelly 125 ppm (RJ) and 2.2% aqueous 
honey (H). Vaccination against Newcastle disease (ND) were performed 
on d 7 (Live B1 strain) and Avian influenza H9N2 subcutaneous injection 
on d 21 (Newcastle and Avian influenza killed vaccines) to all chicks. As 
a booster, the second live Newcastle disease vaccine (La Sota strain) was 
performed via eye drop at day 21. The HI titers against both vaccines were 
determined on serum samples of the same birds at day 42. Chicks were in-
jected into breast muscle with SRBC followed by a booster injection at 28 
and 35 days, respectively. Blood samples were drawn at day 42. The anti-
body levels against SRBC were measured by hemagglutination test. The 
cell-mediated immune response was determined via phytohemagglutinin 
(PHA) and dinitrochlorobenzene (DNCB), on day 41 of age. The data 
were analyzed by GLM procedure of SAS. The results showed that bee 
products increased the ND titer (p < 0.01). However, EEP group was the 
highest in the (NDV) antibodies titer when compared with control groups 
at the end of experiment. There was significant difference for total anti-
SRBC and AI antibody (on 42 day). The highest concentration was related 
to H treatments for AI (p < 0.01). There was significant increase in skin 
thickness of honey drank quails compared to the rest of the experimen-
tal groups for DNCB (p < 0.01). Significant differences were observed 
in heterophils to lymphocytes ratio between EEP, RJ and H with control 
groups (P<0.01). The present findings suggest that use of bee products as 
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a natural feed additive could promote humoral and cell-mediated immune 
responses in Japanese quail.

Key Words: honey bee products, cell mediated immunity, humoral 
immunity, Japanese quail

P321 Effects of different levels of vermi humus supplement on 
productive performance and egg quality traits of laying hens Morteza 
Youssefi*, Babak Khosh Zareh, Javad Nasr Islamic Azad University-Saveh 
Branch
Vermi humus supplement (VHS) is consisted of earthworm meal, coccons 
and humus that is introduced as a new feed replacing with common feed 
materials in laying hen diets.

In order to study was carried out one-hundred sixty White Leghorn Hy-
Line W-36 commercial strain at 60-wk in a completely randomized design 
with seven treatments and three replicates (cage pens), in total 21 experi-
mental units during two 28-d periods. All diets were adjusted to nutrient 
requirements of laying hens by feed formulation software. Diets were con-
taining 0, 0.5, 1, 1.5, 2, 2.5 and 3% VHS.

Layer indices including feed intake, egg weight, egg mass and feed con-
version ratio at every week, and egg numbers and mortality were recorded 
daily. Eggshell quality parameters were measured at the end of 28-d peri-
ods and also, yolk colour index at the end of the trial.

The results showed that different levels of VHS had no effect on layer in-
dices at all weeks and 28-d periods (P>0.05). Also, VHS had no significant 
effect on eggshell quality. But, yolk colour index among treatment groups 
and control group did showed significant different at 56-d. So that, con-
trol and 3% supplemented diet (treatment 7) respectively, had lower and 
higher yolk colour. Between treatment 2 and treatment 7 was significantly 
different. Thus, the results showed the replacing VHS levels up to 3% with 
meat and bone meal had no adverse effects on layer indices and eggshell 
quality, and caused to improve the egg yolk colour at higher levels.

Key Words: earthworm, eggshell, humus, layer, yolk colour

P322 Responses of broilers to acute versus chronic heat stress Manoel 
Garcia-Neto*, Danilo Sandre, Mayara Rodrigues, Sílvia Perri, Max Faria-
Júnior, Marcos Pinto Faculdade de Medicina Veterinária de Araçatuba, 
UNESP - Univ Estadual Paulista
Two experiments (Exp. 1 and Exp. 2) involving 1280 male Cobb-500 
chicks were conducted to evaluate the possible interactions between early 
thermal conditioning and electrolyte balance of the diet on the perfor-
mance of broiler chickens, as well as studying the effects of acute and 
chronic heat stress. The birds were housed until the 7th day of age on 
metal batteries in a completely randomized design. On d 8, the broilers 
were transferred to 32 floor pens with wood shavings as litter while main-
taining the same treatments with eight replicates each. The data from Exp. 
1 (acute stress) and Exp. 2 (chronic stress) were combined in a 2x2x2 fac-
torial arrangement [with and without early thermal conditioning (ETC)]; 
diet with and without electrolyte balance (EB); and acute or chronic heat 
stress. The diet with EB was calculated as mEq/kg for Na+K-Cl and the 
value the ratio (K+Cl)/Na, with 300 mEq/kg and a ratio the 3:1, respec-
tively. The birds were fed: (1) a traditional diet (176 mEq/kg and a ratio 
the 3.36:1) without ETC; (2) traditional diet with ETC; (3) diet with EB 
and without ETC and (4) diet with EB and ETC. Feed and water were 
supplied ad libitum. Half of birds were exposed to 36°C for 24h at the 
age of 5, whereas the remaining half was not exposed to ETC. At the age 
of 38 d, half chicks were thermally challenged by an acute heat stress 
of 36°C for 6h (Exp. 1) or at the age of 35 to 39 d, another half chicks 
were thermally challenged by a chronic heat stress of 32°C for 6h (Exp. 
2). Feed intake, body weight (BW), moisture of feces and abdominal fat 
deposition were determined at 46 d of age and adjusted feed conversion 
ratio was calculated by including BW of mortality. Trichromatic coordi-
nates (L*, a*, and b*) were measured on the breast muscle at 24h. No 
interaction effects were found for any of the parameters evaluated. Thus, 

there is no synergism for any of the traits. There was expressive increase 
of mortality [(3.06 to 65.62%) / P<0.0001] from acute stress. The EB in-
creased moisture of feces (P=0.0202). Lipid contents of abdominal tissues 
was affected by heat exposure with significantly decreased (P<0.0001) 
to chronic (53.9g) versus acute stress (127.5g). Also, a significant effect 
(P<0.0001) values higher was found in meat for acute (66.4 and 23.2) 
versus chronic stress (57.6 and 17.6) on L* and b*, respectively. The re-
sults suggest that birds submitted to acute stress are subject to pale poultry 
muscle syndrome.

Key Words: Pale poultry muscle syndrome, dietary anion-cation balance, 
early thermal conditioning

P323 Effects of herbal methionine on growth performance and gene 
expression for liver nutrient metabolism in pullets Paula Sedlacek*1, 
Shivi Maini2, Mohan Ji Saxena2, Ravikanth Kotagiri2 1University of 
Georgia; 2Ayurvet Limited
A study was conducted to evaluate the effects of herbal methionine (ME-
THIOREP®) on pullet growth, feed efficiency, and mRNA expression for 
liver nutrient metabolism related genes in pullets. A total of 384 1-day 
old Leghorn pullets (Hy-Line W-36) were randomly allocated to 5 dietary 
treatments: 1) Trt1=Positive control1 (DL-methionine to the requirement 
level), 2) T2 = Positive control2 (DL-methionine to the requirement level), 
3) T3 = Negative control (No methionine supplementation), 4) T4 = DL-
methionine (50%) + herbal methionine (50%) in the negative control, and 
5) T5 = DL-methionine (67%) + herbal methionine (33%) in negative con-
trol. Feed consumption, body weight, and feed efficiency were measured 
weekly for 17wk. At WK 6 and 18, liver samples were collected for mRNA 
expression of glucose and lipid metabolism related genes. Overall, body 
weight, body weight gain, and feed efficiency were significantly improved 
in DL-methionine groups (T1 & 2) and herbal methionine (T4 & 5) com-
pared to those in negative control (T3). Negative control (T3) significantly 
increased mRNA expression of PEPCK, a key gene for gluconeogenesis, 
whereas DL-methionine and herbal methionine groups reduced it, indicat-
ing that methionine deficiency may hinder optimum amino acid utilization 
for protein synthesis but increase amino acid utilization for glucose and 
energy metabolism. Herbal methionine supplementation reduced mRNA 
expression of PPAR-gamma and LPL, key adipogenic genes, suggesting 
that herbal methionine may have potential effects on fat formation and 
lipid metabolism. Since excess abdominal fat formation in laying hens 
may reduce optimal nutrient utilization for muscle and egg production, 
herbal methionine has potential to replace DL-methionine and improve 
nutrient utilization during pullet growth periods.

Key Words: herbal methionine, pullet, nutrient metabolism, growth 
performance

P324 Energy source and not dietary electrolyte balance influenced 
ileal endogenous amino acid losses in 21 d-old broilers fed nitrogen-free 
diets Sunday Adedokun*1, Anthony Pescatore1, Austin Cantor1, Michael 
Ford1, Jacqueline Jacob1, Tuoying Ao2, Ariane Helmbrecht3 1University of 
Kentucky; 2Alltech; 3Evonik
The effect of dietary electrolyte balance (DEB) and sources of energy 
on ileal endogenous amino acid (EAA) losses was evaluated in 21 d-old 
broilers. A total of 360 chicks were assigned to 4 experimental treatments 
on d 16 with 6 birds/cage and 15 replicate cages/treatment. Treatments 
consisted of four nitrogen-free diets (NFD) with 2 levels of DEB (106 
and 208 mEqv/kg) and 2 sources of energy (corn starch and dextrose). 
All birds had access to feed and water on an ad libitum basis throughout 
the experimental period. Ileal EAA losses in mg/kg DMI and in g/kg of 
digesta/g of feed intake (FI) during the 5-d feeding period (d 16-21) were 
calculated. Data were analyzed using the GLM procedure of SAS appro-
priate for a completely randomized design for a factorial arrangement of 
treatments (2 x 2). For both methods of estimation (mg/kg DMI and g/kg 
of digesta/g of FI), there were no interactions between DEB and source 
of energy. Low DEB (106) resulted in higher (P<0.05) ileal endogenous 
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Arg (304 vs. 251), Lys (432 vs. 348), Glu (873 vs. 730), Ser (460 vs. 387) 
losses in mg/kg DMI and lower endogenous Trp loss (59 vs. 74 mg/kg 
DMI). Seven AA (Ile, Leu, Met, Phe, Ala, Gly, and Tyr) showed a tenden-
cy (P<0.1) for higher endogenous losses with low DEB. When estimated 
in g/kg of digesta/g of FI, low DEB resulted in higher (P < 0.05) endog-
enous Lys (0.970 vs. 0.829) and lower (P<0.05) endogenous Trp (0.127 
vs. 0.171) losses. All the indispensable AA showed increased (P<0.05) 
endogenous losses (mg/kg DMI) when dextrose was the only source of 
energy in the diet except Trp (lower, P<0.05), His (no difference), and Thr 
(tendency for increased loss with corn starch; P=0.058). For the dispens-
able AA, only Ala (343 vs. 281 mg/kg DMI) and Asp (647 vs. 509 mg/kg 
DMI) showed increased (P<0.05) ileal endogenous losses with dextrose. 
With the exception of Trp (no effect), dextrose as the only source of energy 
in the diets resulted in higher (P<0.05) ileal EAA losses for all the AA, 
nitrogen (4.15 vs. 3.12) and total AA (18.7 vs. 14.2) in g/kg of digesta/g 
of FI. Results from this study showed that dextrose as the sole source of 
dietary energy had greater effect on ileal EAA losses in 21 d-old broilers 
fed NFD when compared with DEB level.

Key Words: Broiler, dietary electrolyte balance, endogenous amino acid 
loss, energy source

P325 Apparent metabolizable energy from microalgae Spirulina 
maxima for broiler chickens Fernando Tavernari*1, Lenilson Roza2, 
Diego Surek1, Marcio Da Silva1 1EMBRAPA; 2UDESC
The use of microalgae for biodiesel production has now grown due to 
large amount of ether extract (EE) of this type of feedstock. The ending 
result from the EE extraction process is a defatted microalgae residues rich 
in proteins and carbohydrates that can be used for animal nutrition. How-
ever, the metabolizable energy (ME) of this residues was little explored. 
Therefore, a metabolism trial was performed using broiler chickens to de-
termine the metabolizable energy corrected for nitrogen balance (AME) 
present in microalgae Spirulina maxima. A randomized block design with 
two treatments and 10 repetitions (metabolic cages) with 14 birds per rep-
etition was used. The treatments were composed of two group of birds. 
One received reference diets (RD) and the second group received 80% of 
RD amended 20% microalgae. The analyzed microalgae had 88.8% DM, 
51.5% CP, 0.99% EE, 1.1% CF, 4399 kcal/kg CE, 9.4% Ash, 0.34% Ca 
and 1.08% P. The experimental period was conducted within 14 and 22 
days of birds age. Total collection method was used to estimate apparent 
metabolizable energy. The results indicate that the apparent metabolizable 
energy of microalgae is 2,865.9 kcal/kg (3,219.4 Kcal/Kg, on DM basis) 
and 2,492.9 kcal/kg (2,800.4 Kcal/Kg, on DM basis) when corrected for 
nitrogen.

Key Words: energy, brollers, microalgae, Spirulina maxima

P326 Broiler chicken ileal apparent digestibility of calcium and 
phosphorus from microalgae Spirulina maxima Fernando Tavernari*1, 
Diego Surek1, Lenilson Roza2, Marcio Da Silva1, Luiz Albino3 1EMBRAPA; 
2UDESC; 3UFV
Microalgae can be an alternative ingredient for broiler chickens diets that 
are solely based on corn and soybean meal. However, evaluation of digest-
ibility of minerals such as calcium (Ca) and phosphorus (P) present in the 
microalgae is required for a precise formulation of the diet. Therefore, a 
metabolism trial using broiler chickens was performed to determine the 
ileal apparent digestibility coefficients (IADC) of Ca and P from the mi-
croalgae Spirulina maxima. A randomized block design with two treat-
ments and 10 repetitions (metabolic cages) with 14 birds per repetition 
was used. The treatments were composed of a group of birds that received 
reference diet (RD) and another group received 80% of RD amended 20% 
microalgae. The analyzed microalgae had 88.8% DM, 51.5% CP, 0.99% 
EE, 1.1% CF, 4399 kcal/kg CE, 9.4% Ash, 0.34% Ca and 1.08% P. To de-
termine the ileal apparent digestibility of Ca and P ratio 1% of indigestible 
indicator acid insoluble ash (CIA) was added into diets. The experiments 
took place within 14 and 22 days of birds age. On the last day of trial, the 

birds were slaughtered by cervical dislocation to collect the ileal content. 
IADC of Ca and P were 84.1% and 94.78%, respectively. Thereby, micro-
algae Ca and P digestibility corresponded to 0.29 and 1.02%, respectively 
on as fed basis.

Key Words: broilers, microalgae, digestibility, calcium, phosphorus

P327 The effect of Aviator supplementation compared to other feed 
additives on layer Performance Gustavo Castañeda1, Sangita Jalukar*2, 
Hans Mann3 1Universidad De San Carlos De Guatemala; 2Arm and 
Hammer Animal Nutrition; 3Desarrollo Y Nutricion Animal
AVIATOR™ is a unique feed additive containing Refined Functional 
CarbohydratesTM (RFC®) derived from yeast, designed to improve overall 
health, growth and feed conversion in poultry. This study evaluated the 
benefit of supplementing AVIATOR in layer diets compared to some of 
the other common feed additives. Two hundred Lohman White Classic 
layers, 28 weeks of age, were allotted in a completely randomized block 
design to five treatments with 4 birds/cage, 8 reps/treatment for 10 weeks. 
Two week adaptation period was followed by 8 weeks of data collection. 
The treatments were: T1 negative control, T2 positive control (BMD 11% 
@ 330 g/MT), T3 probiotic (Lactobacillus sp.), T4 AVIATOR Dry 500 g/
MT, T5 herbal extract X-Tract. Parameters measured were, feed intake, 
egg production, and egg parameters. Feed efficiency (FE) was calculat-
ed using the formula, FE = grams feed/grams egg mass (egg mass= egg 
weight * % production). Data was analyzed statistically by Tukeys’ mean 
separation test. Statements of statistical significance were based upon P< 
0.05 unless otherwise stated. All treatments improved egg production 
compared to control but AVIATOR gave the largest numerical improve-
ment in % production and number of eggs/hen housed. FE was improved 
in hens supplemented with AVIATOR and X-Tract compared to all other 
treatments (P<0.05). Egg weight was not affected by treatments. Egg yolk 
color was significantly higher in hens supplemented with BMD, AVIA-
TOR, and X-Tract compared to control and probiotic. Egg shell thick-
ness was highest in hens receiving X-Tract and lowest in those receiving 
the probiotic, with all other treatments being intermediate. In conclusion, 
AVIATOR fed to layers resulted in the largest improvement in layer per-
formance while improving egg parameters.

Key Words: layers, yeast, refined functional carbohydrates, egg 
production

P328 Performance of broiler chickens fed antibiotic free diets 
supplemented with Ration Plus® for Poultry David Hall*1, Elizabeth 
Wozniak1, Danny Hooge2, Michael Sims3 1Cytozyme Laboratories, Inc.; 
2Hooge Consulting Service, LLC; 3Virginia Diversified Research Corp.
A 31-day feeding trial (7-38 days; July-August) was conducted with 
2,160 straight-run Cobb 500 broiler chicks on new wood shavings litter 
to evaluate effects of corn-soy based diets with corn DDGS, meat and 
bone meal, and soy oil, with or without Ration Plus® for Poultry (RP; 
AAFCO 36.11 Dried Lactobacillus acidophilus Fermentation Product), a 
naturally-derived feed additive, on live performance. Chicks were given 
Coccivac-B and regular vaccinations at hatch. Each pen was 1.52 x 5.18 m 
and contained 120 chicks initially. Extra litter was added during the trial. 
All of the birds received an antibiotic-free (ABF) control diet for the first 7 
days, and ABF experimental diets (control or RP at 0.10%) from 7-38 days 
of age. A randomized complete block design was used with 2 treatments, 
9 replicate pens per treatment, and 2 pens in each block. Tukey’s test was 
used to separate means (P ≤ 0.05; Statistix 8). Results were reported as 38-
day body weight, 0-38 day feed conversion ratio, and 0-38 day mortality 
%. Broilers fed diets supplemented with RP had significantly greater final 
body weight (0.110 lb or 49.9 g; 3.155% relative to control; P=0.019) and 
lower feed conversion ratio (-0.077; -4.529% relative to control; P=0.047) 
compared to birds fed control diets. Mortality % was not significantly af-
fected by dietary treatments (3.0567% for control vs. 3.7956% for R P; 
P=0.516) and were typical of levels in the commercial broiler industry. 
Data from this trial suggest that the addition of RP (0.10%) effectively 
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improved nutritional quality of ABF diets fed to broiler between 7 and 38 
days of age based on their significantly heavier body weight and lower 
feed to gain requirement (feed conversion ratio) in comparison to non-
supplemented hatch-mate broilers. Further research is required to deter-
mine if additional beneficial observations may be possible by feeding RP 
from 0-7 days as well.

Key Words: antibiotic free, broiler, Ration Plus

P329 The impact of iron source on the activity of exogenous phytase 
Kate Jacques* Alltech
Phytase supplementation to poultry diets has increased remarkably in the 
past 20 years and has enabled more efficient utilisation of dietary phos-
phorous in addition to alleviating the negative impacts of phosphorous 
pollution. Trace minerals, such as iron (Fe), are essential in poultry diets 
and are involved in numerous physiological processes. A complete pre-
mix for poultry incorporates essential vitamins, amino acids, enzymes, 
trace minerals and other important ingredients. However, the potential for 
negative interaction between individual premix components is high and is 
often overlooked. 

Thus, this study focused on assessing the potential in vitro interaction 
between inorganic (sulphate) and organic forms of Fe (proteinates, gly-
cinates, polysaccharide complexes and amino acid chelates) with four 
different sources of commercially available phytases (Aspergillus niger, 
Escherichia coli and Peniophora lycii).
The results indicated that statistically, phytase efficacy was negatively af-
fected in a concentration dependant manner by iron; however the extent 
of inhibition was dependent on the mineral source (p<0.001). Notable dif-
ferences in inhibition were observed not only between the inorganic and 
organic sources but also between different organic trace minerals. Ferrous 
proteinates were consistently and significantly less inhibitory than the ma-
jority of the other sources.

Differences were also noted with respect to the relative activity of the in-
dividual enzymes following mineral interaction, with the phytase from a 
solid state fermentation of Aspergillus niger retaining most activity

Overall, the inhibition is likely due to the physicochemical differences 
which exist between the different mineral sources, with bonding strength 
and stability being the primary reason. Weak bonding of mineral results in 
liberation of free ferrous ion with resultant phytase inhibition.

Key Words: Phytase, Inhibition, Premix, Interaction, Diet

P330 Effects of copper source and supplementation level on broiler 
performance and litter moisture from 0 to 28 d of age Terri Parr, Kurt 
Perryman*, Jeff Cohen, James Usry Micronutrients
Consumer demand for antibiotic-free (ABF) meat and poultry products 
has increased substantially, creating opportunities for many novel products 
aimed at supporting growth performance in the absence of conventional 
antibiotics. However, producers should also consider well-established 
products already present in the feedmill, which may be complementary 
to an ABF program. Inclusion of tribasic copper chloride (Intellibond C; 
IBC) at levels exceeding the nutritional requirement has been demon-
strated to improve feed conversion ratio (FCR) and reduce gastrointestinal 
tract lesions in broilers. The objective of this study was to evaluate the 
effects of 2 dietary copper sources (IBC and CuSO4) included at 3 levels 
(125, 187.5, and 250 ppm) on the performance of broilers receiving an 
ABF diet from 0 to 28 d of age. One thousand six hundred eighty male 
Ross × Ross 708 broilers were placed into 56 floor pens (30 birds/pen) 
on used litter and were randomly assigned to 1 of the following 7 dietary 
treatments (TRT) for duration of the experiment (8 replicate pens/TRT): 
1) nutritionally-adequate control diet containing 3 ppm Cu from CuSO4;
2) As TRT 1 + 125 ppm Cu from CuSO4; 3) As TRT 1 + 187.5 ppm Cu
from CuSO4; 4) As TRT 1 + 250 ppm Cu from CuSO4; 5) As TRT 1 + 125 
ppm Cu from IBC; 6) As TRT 1 + 187.5 ppm Cu from IBC; 7) As TRT 1 + 

250 ppm Cu from IBC. In order to mimic sub-optimal growing conditions, 
ventilation was slightly reduced below recommendations. Litter moisture 
was determined at 28 days. Increasing Cu levels resulted in linear and qua-
dratic increases (P < 0.05) in BW gain, regardless of Cu source. Increased 
dietary Cu also resulted in quadratic improvements (P < 0.001) in FCR. 
For broilers consuming Cu from IBC, FCR was improved (P < 0.001) 
by more than 5 points compared with that of broilers receiving Cu from 
CuSO4. Although no significant differences (P > 0.09) due to Cu source or 
level were observed for litter moisture, the average litter moisture for birds 
fed IBC was numerically 1.5 points drier than that for birds fed CuSO4. 
These results indicate that 187.5 ppm Cu from IBC improves feed effi-
ciency from 0 to 28 d of age and may aid in maintaining drier litter when 
fed to broilers in an ABF program under sub-optimal growing conditions.

Key Words: copper hydroxychloride, TBCC, CuSO4, broiler, litter 
moisture

P331 Efficacy and safety of applying Sal CURB® to different feed 
forms using an APEC Mistcoater Chris Rude*, Dillon Mellick, Arlene 
Lamptey, Mark Bienhoff Kemin Industries
There is increasing interest in reducing risk by protecting feed with form-
aldehyde. An inline Mistcoater (APEC, Lake Odessa, MI) is designed to 
distribute a liquid more evenly through a feed matrix than a mixer. Trials 
were conducted to validate the application method and the safety of apply-
ing Sal CURB® ASF Liquid Antimicrobial (SC) using a Mistcoater. Two 
trials evaluated application rate and variation, exposure to formaldehyde 
during application, and ability to withstand a Salmonella challenge. Both 
trials targeted a Sal CURB application rate of 6.5 lb/ton with a Mistcoater 
feeding rate of 2,000 lb/hr. During application, a flow meter was used to 
adjust liquid application based on Mistcoater flow rate, and application 
rate was verified by liquid disappearance as measured by a scale. Mea-
surements were taken every 4 min from each device. Trial 1 studied the 
effects of post-pellet application of SC and fat. Treatments included SC 
and fat applied simultaneously, SC applied without fat application and SC 
applied before fat application. Average application rate for the flow me-
ter in all treatments varied from 6.45 to 6.62 lb/ton and average applica-
tion rate measured by weight disappearance ranged from 6.51 to 6.74 lb/
ton, with a difference ranging from 0.02 to 0.12 lb/ton. Measurements of 
formaldehyde exposure were recorded at different levels of the mill. The 8 
hour time weighted, average exposure level varied from 0.0186 to 0.0285 
ppm and was below the 0.50 ppm OSHA action level. All SC treatments 
remained Salmonella negative after each challenge. Trial 2 evaluated the 
applicator using a mash feed with 5% added fat. There were 2 treatments, 
a SC negative and a SC positive treatment. Average measurement for the 
flow meter was 6.49 lb/ton and the average for the weight disappearance 
was 6.57 lb/ton, with a difference of 0.08 lb/ton. Average weighted, 15 
min exposure level was 0.07 to 0.09 ppm. Similar to the previous trial, 
SC-treated feed remained negative after each Salmonella challenge. The 
Mistcoater is safe for employees. Treated feed remained Salmonella nega-
tive after challenge. Small differences between the weight disappearance 
scale and flow meter confirm there was accurate application of SC, and 
consistentcy across different conditions and feed forms. 

Key Words: Salmonella, Formaldehyde, Safety

P332 Evaluation of using protease enzyme in corn-soybean meal 
broiler diets. Nessrin Selim*, Heba Habib, Hemat Abdel Magied, 
Amany Waly, Ahmed Fadl, Sayed Shalash Animal Production Research 
Institute(APRI), ARC
The aim of this study was to evaluate the effect of adding protease en-
zyme to low protein corn-soybean meal broiler diets to reduce feeding 
cost and improve the quality of meat. Two hundred and forty 1-d old un-
sexed Arbor Acres broiler chicks were distributed to six treatments (2*3 
factorial design) of 4 replicates of each. Two levels of protease activity 
(without and with 300,000 U/kg; CIBENZA® DP100), and three levels 
of dietary crude protein were examined (Standard, STD; less 10% or less 
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15% from STD protein recommendation of each feeding phase, L10 and 
L15, respectively). The dietary protein levels were 23, 20.7and 19.5% at 
the starter phase; 21, 18.9 and 17.8% at the grower phase; and 19, 17.1 
and 16.1% at the finisher phase. Diets were formulated to save the strain 
requirements from the rest of nutrients. All chicks were housed in open 
system broiler house and received the same managerial conditions and 
veterinary program during experimental period (1-40 d of age). Param-
eters of growth performance, carcass characteristics, physical and chemi-
cal evaluation of broiler meat were carried out and feeding cost was cal-
culated. The recorded results showed that using protease improved final 
body weight (4.1%) and feed conversion ratio (6.1%) and reduced skin% 
of drum stick significantly (p<0.05). Decreasing protein of diets to (L15) 
increased consumed feed, drip loss of thigh and back quarter weight. 
Also, skin and pH of breast and concentrations of low density lipoprotein 
and malondialdhyde (MDA) in broiler meat were depressed significantly 
(p<0.0001). One way analysis of variance showed that adding protease 
to L10 diets recorded the same marketing weight (2015 g), made broiler 
meat healthier (MDA decreased by 35%, p<0.0001), and depressed the 
feeding cost/kg of life body weight by 3.94% relative to value calculated 
of STD group. Generally it could be concluded that adding 300,000 U 
protease enzyme/kg to low protein broiler diets could help producers to 
achieve acceptable marketing weight, get better meat quality, and reduce 
feeding cost according to Egyptian prices of feed ingredients. Key words: 
Broiler, protease, performance, meat quality.

Key Words: Broiler, Protease, Performance, Meat Quality

P333 Effects of dietary supplementation of Actigen® and Allzyme 
SSF® on the performance and carcass yield of boiler chicks Tuoying 
Ao*, Lizza Macalintal, Marquisha Paul, Anthony Pescatore, Austin 
Cantor, Mike Ford, Karl Dawson Alltech-University of Kentucky Nutrition 
Research Alliance
Actigen® is a concentrated source of the mannan-rich fraction of the cell 
wall of the yeast Saccharomyces cerevisiae. It has been developed to 
modulate gut health and integrity. Allzyme® SSF is a naturally fermented 
product with multiple enzyme activities including carbohydrase, protease 
and phytase. A study was conducted to investigate the effect of dietary 
supplementation of Actigen® and Allzyme SSF® on the performance and 
carcass yield of broiler chicks. A 2 x 2 factorial dietary treatment structure 
was used with 2 levels of Actigen® (no or + 400 g/Ton) and 2 levels of Al-
lzyme SSF® (no or + 200 g/Ton). The low nutrient density corn-soybean 
meal diet contained100 kcal/kg less ME and 0.15% less Ca & available 
P than the diet used in commercial production. A total of 480 1-day old 
chicks were randomly assigned to four dietary treatments with five rep-
licate pens of 24 chicks. The chicks were raised in floor pens in an envi-
ronmentally controlled room for 41d with free access to feed and water. 
At the end of the trial, carcass yield was measured by using four birds 
per pen. Data were subjected to ANOVA for a 2 x 2 factorial design us-
ing the linear model of Statistix V. 9. Mean differences were determined 
using Fisher’s LSD test. Chicks fed the diet containing Allzyme SSF® or/
and Actigen® had higher (P<0.05) weight gain than those fed control diet 
during 1-30d growing period. Dietary supplementation of Allzyme SSF® 
increased (P<0.05) overall weight gain and cold carcass yield of broiler 
chicks. Dietary supplementation of Actigen® increased cold carcass yield 
significantly. Data from this trial indicate that supplementation of Allzyme 
SSF® or Actigen® in corn-soybean meal diet can improve growth perfor-
mance and carcass yield of broiler chicks by increasing nutrient utilization. 

Key Words: broiler, performance, carcass yield, Actigen®, Allzyme 
SSF®

P334 Effect of Original-XPC on the cecal microbiome of broilers 
influencing the survival of Salmonella in an anaerobic in vitro mixed 
culture assay Stephanie Roto, Peter Rubinelli, Si Hong Park, Steven 
Ricke* University of Arkansas
In this research, Original-XPC (XPC) was investigated for its ability to 
impact the survival of Salmonella Typhimurium (ST) in an adapted in vi-
tro anaerobic mixed culture assay. XPC has been recognized for its abil-
ity in reducing Salmonella in previous studies conducted, yet the exact 
mechanism is unclear. It is hypothesized to work in concert with the cecal 
microbiome of the host. The experimental design of this research entailed 
two trials involving nine broiler chickens in each trial. The trials consisted 
of three biological replicates at three time points: 14, 28, and 42 d. The 
objective of this research was to evaluate the influence treatment with 
XPC has on the cecal microbiome in the reduction of ST. Cecal contents 
were collected, diluted, and subsequently added to serum bottles contain-
ing poultry feed and 1% XPC. Negative controls (NC) in this experiment 
contained: feed + cecal slurry (NC 1), feed + XPC (NC 2), and cecal slurry 
only (NC 3). The samples were allowed a 24 h pre-incubation at 37°C be-
fore being inoculated with a nalidixic acid- resistant strain of ST. Samples 
were removed from incubation and plated on selective media at 0, 24, 
and 48 h post- inoculation with ST to evaluate its survival. Data indicated 
the greatest reduction in treatment with XPC at the 28 d sampling age, 
approximately a 3-log reduction when compared to NC 1 at the 48 h time 
point. Reductions of 1.5 and less than 1 log at the 48 h time point were 
observed at the 14 and 42 d sampling ages. Approximately 2-log differ-
ence in reductions was observed when comparing XPC and NC 2 at 14 
and 28 d sampling ages at the 48 h timepoint. This research suggests that 
XPC enables the cecal microbiome to reduce ST prevalence. Additionally, 
at the 42 d sampling age it appears the maturity of the cecal microbiome 
may be critical in the reduction of ST; treatment with XPC is only 1 log 
more reductive than NC 1.

Key Words: Original-XPC, Salmonella, poultry, cecal microbiome, in 
vitro

P335 Effect of a new herbal product containing 1,25-dihydroxycho-
lecalciferol-glycosides on broiler chicken performance. Heinrich Bach-
mann* Herbonis Animal Health GmbH
Aim: 
Modern meat production is highly productive. A broiler chicken grows 
within 42 days to a body weight to 3.4 kg with a feed conversion ratio of 
1.5. Such performance requires a highly optimized nutrition. In order to 
allow the massive body growth, is skeletal development a critical point. 
Supplementation with regular vitamin D3, up to the legal limit, may not 
always suffice, especially when feed components available differs in their 
quality, because of growing conditions. The present work explores a herb-
al product containing 1,25-dihydroxycholcalciferol-glycosides on their 
effect on broiler performance.

Material and methods:
192 male Cobb 500 chickens in 8 replications per treatment were fed a 
starter (14d), grower (to d24) and a finisher diet (to day 42). Performance 
data was recorded on days 14, 24, 35 and 42. Feed and water was supplied 
ad libitum with lightning for 21 hours. Statistical analysis was done by 
a randomized block design by analysis of variance using SAS statistical 
package. 

Test product was a standardized product (Panbonis 10) from the plant So-
lanum glaucophyllum (supplied by Herbonis AH, CH-4001 Basel). The 
active content was standardized to 10 µg/g analytically determined 1,25-
DHCC after hydrolysis. All groups received 50 µg/kg feed vitamin D3. 
Treatments in [mg/kg feed] per starter/grower/finisher phase: Control: 
0/0/0; T1: 400/400/400; T2: 100/100/100; T3: 200/50/100.

Results: 
At day 14 was weight gain in g: Control/T1/T2/T3: 485/491/488/487. 
Feed conversion ratio: 1.171*/1.157**/1.155**/1.154**. Livability in 
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%: 98.4/99.0/99.0/99.5. Flock uniformity in %: 92.5/93.5/92.9/93.1. 
Tibia ash in %: 52.2#/52.7##/52.4##/52.5##. At day 35 was weight 
gain in g: 3’189/3’292/3’270/3’280. Feed conversion ratio: 
1.540*/1.515**/1.522**/1.516**. Livability in %: 97.4/98.4/98.4/99.0. 
Flock uniformity in %: 92.5/93.5/92.9/93.1. Tibia ash in %: 
52.6#/53.4##/53.2##/53.0##. 

Conclusion:
Addition of the herbal, vitamin D activity containing product supplement-
ed on top of a sufficient dose of vitamin D3 was able to reduce feed con-
version ratio significantly (p>0.05). Tibial bone ash was improved near 
significant at day 14 and day 35 (p>0.1). Livability was non-significantly 
reduced in this research station trial at a generally very low mortality.

Key Words: Broiler chicken, 1,25-dihydroxycholcalciferol-glycosides, 
Feed conversion ratio, Tibia ash %

P336 Statistical design for optimization of experiments with broilers 
Manoel Garcia-Neto*, Sílvia Perri, Mayara Rodrigues, Danilo Sandre, Max 
Faria-Júnior FMVA - Univ Estadual Paulista
The poultry industry has sought to optimize the animal production. For 
this reason, the mathematical modeling is an essential tool to achieve 
greater control and production planning appropriate to the different condi-
tions of feeding, market and economic interests. The aim of this work was 
to evaluate the effect of electrolyte balance to optimize the performance 
of broilers supplemented with phytase and to apply the central composite 
design (CCD) as an alternative to the full factorial with the same quality 
of the estimates of the studied responses. Therefore, two experiments were 
conducted simultaneously, with a total of 530 Cobb 500 male chicks. The 
treatments consisted of diets containing electrolyte balance of 250 mEq/kg 
and combinations of different levels of electrolyte ratio (ER) and phytase. 
Experiment I was conducted with 370 birds distributed in a completely 
randomized design in a factorial arrangement 3x3 (0, 1000 and 2000 
phytase units (FTU)/kg and 2.5; 3.0 and 3.5 for RE) and the experiment 
II used 160 birds in a factorial arrangement 2x2 (293 and 1707 FTU/kg 
and 2.65 and 3.35 for ER). The birds were housed in 53 boxes (4 repli-
cates per treatment and 10 birds per plot with exception of the treatment 
in the central point, with 5 replicates). These two experiments enabled to 
compare four designs of treatments: full factorial, incomplete factorial, 
central composite and rotational central composite, to estimate a response 
surface. The performance data (weight gain, feed intake and feed conver-
sion), the bio-economic index and the phosphorus concentration in the 
excreta of broilers at 42 days of age were measured. The variables phy-
tase and ER within the range evaluated did not affect the performance of 
the birds nor the bio-economic index. The phosphorus content in excreta 
decreased linearly with the increase of phytase in the diet (P<0.05). The 
CCD showed similar results to the full factorial with the advantage of 
using a smaller number of birds in the experiment, with the reduction of 
64.9% over the full factorial. The CCD can be suitable for experiments 
with low coefficients of variation values or, more precisely, when smaller 
than or equal to 10%.

Key Words: Electrolyte balance, mathematical modeling, performance, 
phytase

P337 Effect of protease supplementation on performance, egg quality 
and intestinal morphometry of layers Silvana Barbosa1, Gerusa Corrêa1, 
Bruno Vieira1, Guilherme Silva2, Ricardo Gonzalez-Esquerra3, Raquel 
Araujo*3 1Universidade Federal do Mato Grosso; 2Granja Mantiqueira; 
3Novus do Brasil Ltda
Two trials were conducted to determine the effects of a protease enzyme 
(Cibenza DP100, Novus International Inc.) on parameters of commercial 
relevance for layers in Peak (from 28 to 39 wks, Trial 1) and Layer 2 (from 
75 to 86 wks, Trial 2) phases. In each trial, 234 Hy-Line W36 layers with 
similar weight and production were distributed in a completely random-
ized arrangement to 3 treatments with 6 replicates of 13 birds each. Posi-

tive control (PC) diets were Corn/SBM/MBM/Corn gluten meal-based 
with phytase and formulated to meet minimum requirements of layer 
in each Trial. Negative control (NC) diets were reduced in CP, AAs and 
20kcal/kg ME according to provider recommendations. Treatment 3 (Pro) 
consisted of NC plus protease (150 units/g of feed). Performance was de-
termined weekly while internal and external egg quality was measured 
every 4 wks. At the end of the trial 1 layer/pen was sacrificed to evaluate 
gut morphometry and organ weights including liver, proventriculus, giz-
zard, pancreas, duodenum, jejunum, ileum and large intestine. Data were 
analyzed by ANOVA and difference among means established by Tukey 
Test (P=0.05). In Trial 1, Pro significantly increased egg production (from 
76.9 to 82.5%), FI, egg mass over NC, reaching or improving PC results 
of layers from 28 to 39 wks. There was a numerical improvement with 
Pro on egg weight, FCR and villus:crypt ratio of duodenum, jejunum and 
ileum. Treatments did not affect egg composition, Haugh units, specific 
gravity and organs weight. For Trial 2, Pro increased egg production in 
11.6%, egg weight, egg mass and FCR (from 2.43 to 2.00g/g) over NC 
(P<0.05). There were no differences between PC and Pro for these param-
eters. Regarding egg composition, only egg shell (%) presented differenc-
es (P<0.05) with a reduction for NC compared to PC and Pro treatments. 
In accordance to Trial 1, there were no effect on Haugh units, specific 
gravity and organs weight. Regarding gut morphometry, villus height was 
significantly higher for PC and Pro and villus:crypt ratio showed numeri-
cal improvement. In conclusion, for layer fed typical Brazilian commer-
cial diets, protease can maintain the performance and egg quality while 
reducing CP, AAs and ME and consequently feed costs.

Key Words: protease, laying hens, performance, egg quality

P338 Protected combination of sodium butyrate and essential oils in 
pullets feed, a field evaluation Monica Puyalto*1, Miguel Colilla1, Teresa 
Flores2, Juan Mallo1 1NOREL S.A.; 2St. John Biomedics
The aim of the study was to evaluate the effects that NATESSE (sodium 
butyrate and essential oils protected with vegetable fat) has on the produc-
tion parameters of pullets in a field trial.

One thousand one-day-old pullets were distributed in two treatments: a 
control treatment (C), a standard diet without additive, and an experimen-
tal treatment (N), basal diet with protected sodium butyrate and essential 
oils (NATESSE), added on top at 1kg/t in starter feed (1-5 weeks) and at 
0.5 Kg/t in grower feed (6-16 weeks). Live body weight, feed intake, flock 
uniformity, score of necrotic enteritis, health condition and mortality were 
evaluated. The average body weight was 43 g higher at the end of the trial 
for N group (1.175 Kg vs 1.132 Kg). The feed intake was equal for both 
treatments (4.2 Kg). Flock uniformity for animals with butyrate and es-
sential oils in protected form was 98% vs 78% in control group. Regarding 
health condition animals in treatment C showed signs of necrotic enteritis, 
emaciation and respiratory diseases but these signs were not shown in N 
group. Feathers were white in N group and dirty in C group. There were 
differences in mortality as well, the C group had 4.5% mortality at the end 
of the trial, whilst N group had less mortality, 3.5%.

We can conclude that the use of sodium butyrate and essential oils in pro-
tected form on pullet feed allows higher growth, better FCR, flock unifor-
mity and health status.

Key Words: sodium butyrate protected, essential oils

P339 Effect of Bacillus subtilis supplementation and dietary crude 
protein on growth performance and intestinal morphlogical changes 
of meat type chicken Kamel Mahmoud*, Belal Obeidat, Mohammad Al-
Sadi Jordan University of Science & Technology
A study was conducted to evaluate the effect of adding Bacillus subtil-
is-based probiotic to broiler diet with two levels of crude protein (CP). 
Growth performance, carcass and meat quality characteristics, digestive 
tract development and ileal digestibility of CP were investigated using 
a total of 720 day-old mixed sex Hubbard Classic chicks. The recom-
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mended level of CP (CP100) or 2% below the recommended level (CP98) 
were tested in the presence or absence of 0.2g/kg B.subtilis supplemented 
as Gallibro® (0.8x109 cfu/g) in a 2 × 2 factorial arranged treatments in 
completely randomized design. Chicks were randomly assigned to four 
dietary groups with 6 replicates per treatment and 30 chicks per replicate. 
Basal diets of starter, grower, and finisher were formulated according 
to Hubbard’s broiler manual. B.subtilis supplementation did not affect 
broiler growth performance. However, reducing dietary CP requirement 
decreased (P<0.05) body weight gain (BWG) and increased (P<0.05) feed 
conversion ratio (FCR). Fillet weight was higher (P<0.05) in B.subtilis 
supplemented groups with no differences recorded for other carcass char-
acteristics parameters. Adding B.subtilis had no effect on the meat quality 
parameters. However, decreasing dietary CP reduced (P<0.05) meat water 
holding capacity. The gut morphology examination showed that B.subtilis 
had beneficial effect on jejunum morphology causing a significant in-
crease in crypt depth during overall period. Also, ileal CP digestibility re-
ported to be improved (P<0.05) by using B.subtilis. The results collected 
from this study do not have enough evidence to insinuate that B.subtilis 
supplementation can spare the decrease in dietary CP. However, it may 
be safe to conclude that the alteration in gastrointestinal morphological 
characters due to probiotic use was positively reflected on better CP ileal 
digestibility and the improved feed efficiency.

Key Words: B. subtilis, Broiler, Digestibility, Meat quality, Performance

P340 Field comparison of inclusion of two sources of protected 
butyric acid in broiler starter feeds Monica Puyalto*1, Miguel Colilla1, 
Paolo Balzarini2, Juan Mallo1 1NOREL S.A.; 2ORSELL S.R.L.
Two field trials were used to compare the effect of two sources of butyric 
acid (sodium butyrate protected with sodium salt of PFAD (N’RGY) and 
ester of butyric acid with glycerol (MB)), on the starter phase performance 
of broiler chickens (Ross 708). In the first trial,19,603 broilers were fed 
28 days with a diet with 1.5 Kg of MB/t of feed and 20,000 animals with 
that diet, without MB but with 1 kg of N’RGY/t of feed. Males receiving 
N’RGY were heavier at day 28 than animals with MB (1708 g vs 1570 g). 
The females receiving the N’RGY had higher weight than MB group as 
well (1355 g vs 1350 g). FCR was 60 g better for N’RGY (1.84 vs 1.90). 
The MB group had a mortality of 1.18%, whilst N’RGY group had less 
mortality: 0.86%. The second trial compared the performance of 33000 
broiler chickens, fed the diet with 1.5 Kg of MB/t of feed with 33125 
animals fed the diet with 1 kg of N’RGY/t of feed. This trial lasted 21 
days. Females in the N’RGY group had higher body weight at day 21 
than animals with MB (916 g vs 866 g). The feed conversion ratio of the 
MB was 40 g worst than N’RGY: 1.84 vs 1.80. There were differences in 
mortality as well, the MB group had a mortality of 2.89% at the end of the 
trial, whilst N’RGY group had less mortality, 1.78%.It was concluded that 
the use of sodium butyrate protected with PFAD salts (N’RGY) on broiler 
feed allows higher growth, better FCR and less mortality than the use of 
MB in these broiler flocks in the starter period.

Key Words: sodium butyrate protected, ester butyric acid, glycerol

P341 Effects of Lysophospholipids product (LIPIDOLTM) 
supplementation to low-protein amino acid diets on growth 
performance, nutrient digestibility, blood profiles, and carcass traits in 
broilers Byoungyun Jung*1, Waewaree Boontiam2, Lin Hu Fang2, Han Bit 
Yoo2, Yoo Yong Kim2 1EASY BIO, Inc.; 2Seoul National University
The experiment was conducted to evaluate the effects of lysophospholipids 
product (LIPIDOLTM) supplementation to low-protein amino acid (AA) 
diets on growth performance, nutrient digestibility, blood profiles and car-
cass traits of broilers. A total of 300 male (Ross308®) day-old chicks were 
allotted to 1 of 5 dietary treatments with 6 replicates in a randomized com-
plete block design. The positive control (T1) was calculated amount of 
lysine, methionine, and threonine met the recommendation by Ross 308® 
standard, negative control (T2) was 5% less of crude protein and major 
AAs than positive control (T1). T3, T4, and T5 diets were added with 

0.05 0.10 and 0.15% of LIPIDOL™ into the diet T2, respectively. Body 
weight and weight gain were increased linearly as dietary LIPIDOLTM 
supplementation level increased in grower, finisher, and overall periods 
(p<0.05). Feed conversion ratio (FCR) was also improved linearly in fin-
isher and overall periods (p<0.05). Birds fed with 0.15% LIPIDOL™ had 
greater growth performance and FCR than birds fed negative control and 
0.05% LIPIDOL™ (p<0.05). Dietary supplementation of LIPIDOL™ 
also showed positive effect on digestibility of crude protein and ether ex-
tract (linear effects, p<0.05), whereas dry matter and ash digestibility had 
no effect by dietary treatments. The relative weights of breast muscle, ab-
dominal fat, spleen, liver and bursa of Fabricius were not affected among 
treatments. However, thigh muscle was increased with the response of 
0.15% LIPIDOL™ inclusion (quadratic effect, p<0.05). No significant 
differences were observed in total cholesterol and their fractions among 
treatments. Glucose concentration was affected by inclusion level 0.15% 
LIPIDOL™ as compared to 0.05% of LIPIDOL™ addition (p<0.05). 
Blood urea nitrogen decreased when lower nitrogenous diets were pro-
vided to birds as compared to optimal AA requirements (p<0.05). Conse-
quently, LIPIDOL™ could be considered as a feed additive into the reduc-
tion of 5% crude protein and AA diets without any detrimental effects on 
growth performance, immune organ weights and hepatic function with the 
improvement of nutrient digestibility.

Key Words: Low-protein and amino acids, lysophospholipids, 
LIPIDOL™, Performance, broilers

P342 Effect of Lysophospholipids product (LIPIDOLTM) 
supplementation on growth performance, nutrient digestibility, blood 
profiles, and carcass traits in broiler chickens Young Hyun*1, Yoon 
Kyung Hyun1, Waewaree Boonitam2, Yoo Yong Kim2, Byoungyun Jung1 
1EASY BIO, Inc.; 2Seoul National University
The study was conducted to evaluate the effects of Lysophospholipids 
product (LIPIDOLTM) supplementation to low-energy diet on growth per-
formance, nutrient digestibility, blood profiles, and carcass traits in broiler 
chickens. A total of 300 male (Ross308®) day-old broilers, with an average 
initial body weight of 47.0 ± 1.20 g were randomly divided into 1 of 5 
treatments in a randomized complete block design and 6 replicates with 
10 birds per pen. Dietary treatments were consisted of 5 diets; 1) positive 
control (PC; T1) having 3,025 (starter period), 3,150 (grower period), and 
3,200 kcal/kg (finisher period) of ME for Ross308® energy requirement; 
2) negative control (NC; T2) having 2,875, 3,000 and 3,050 kcal/kg of ME
which is 150 kcal/kg lower than PC; 3) T3: NC + LipidolTM 0.05%; 4) T4: 
NC + LipidolTM 0.10%; 5) T5: NC + LipidolTM 0.15%. Results revealed 
that the birds fed with LipidolTM showed heavier body weight (BW) and 
body weight gain (BWG) and better feed conversion ratio (FCR) during 
grower and finisher periods than that of birds in NC (P<0.01). This experi-
ment showed linear and quadratic responses to LIPIDOLTM supplementa-
tion during grower, finisher and overall periods regardless of BW, BWG, 
FI and FCR (P<0.01), whereas BWG and FCR had a quadratic response 
(P<0.05) during a finishing phase. Conversely, FCR was improved as 
dietary LIPIDOLTM increased at the starter period, resulting in the linear 
response (P<0.05). Feeding of 0.15% LIPIDOLTM had a positive effect on 
ash digestibility compared with NC in the linear and quadratic responses 
(P<0.01 and P<0.05, respectively). There was the quadratic response of 
glucose level in blood (P<0.01) with increasing LIPIDOLTM level. Fur-
thermore, the broilers fed diet containing 0.10% LIPIDOLTM was greater 
high density lipoprotein than that of in PC group (P<0.05). Consequently, 
it is considered that dietary LIPIDOLTM at the proper levels (0.10 and 
0.15%) can be provided to low energy diet (-150kcal.kg) in order to im-
prove growth performance, feed efficiency, carcass compositions, and fat 
digestibility without any detrimental effects on lymphoid organ weights 
and hepatic enzyme of broiler chicken.

Key Words: Lysophospholipids, LIPIDOL, Low Energy, Growth 
Performance, Broiler
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P343 AZOMITE improved performance of white and brown egg 
layers. Roger James*1, James Mcnaughton2, Al Olinde2, Damon Fodge3 
1Azomite Mineral Products; 2AHPharma Research, Inc.; 3DF International, 
LLC
AZOMITER Feed-Grit, a HSCAS that is GRAS and composed of over 70 
minerals, was included in isocaloric, isonitrogenous feeds for Novagen 
White (W) hens at 0% (W1), 0.15% (W2), and 0.30% (W3) and for Hyline 
Brown hens at 0% (B1), 0.25% (B2), and 0.25% (B3, 1st 12 weeks) to eval-
uate the product for egg production. For each test, a total of 135 hens were 
weighed individually and then matched weights of 45 hens were assigned 
at 3 hens/cage and 15 cages /treatment. Egg production peaked at 93.02%a 

(W1), 95.48%a (W2), and 97.94%a (W3) in the White (W) hens. Egg pro-
duction peaked at 91%b (B1), 95%a (B2), and 95%a (B3) in the Brown (B) 
hens. The peak occurred in B2 and B3 10 days earlier than B1. (Means 
without a common superscript are significantly different (P<.05) as deter-
mined by Least Significant Difference). The bi-weekly, wks 6-16, avg. % 
egg production for the two tests were 91.11%b (W1), 93.02%ab (W2), and 
94.59%a (W3), and 84.34%b (B1), 87.99%a (B2), and 86.83%ab (B3). Feed/
dozen eggs (Kg/doz) were 1.728b (W1), 1.668ab (W2), and 1.644a (W3), 
and 1.796b (B1), 1.746a (B2), and 1.729a (B3). Average egg weights (gm/
egg) for the White (W) hens for wks 12-16 were 59.321b (W1), 60.761ab 

(W2) and 62.239a (W3). For the Brown (B) hens, egg weights for wks 
12-24 were 60.382b (B1), 64.806a (B2), and 64.196ab (B3). Shell weights 
(gm) at 12 weeks were 6.631b (B1), 6.826a (B2), and 6.855a (B3). At 24 
weeks, shell weights were 7.898b (B1), 8.287a (B2), and 7.800b (B3). Shell 
thickness (mm) at 24 wks was 0.283b (B1), 0.318a (B2), and 0.298ab (B3). 
There were no differences in shell weight or shell thickness in the White 
(W) hens. Specific gravity was not different in either test. The weights 
(kg) of the Brown (B) hens at 24 weeks were 1.552b (B1), 1.586a (B2) and 
1.562ab (B3). However, total feed consumption between treatments over 
the entire study was not different. There was no mortality during the test 
periods. AZOMITER boosted egg production, helped the Brown (B) hens 
achieve peak production sooner, improved feed conversion (kg/doz eggs) 
and increased egg weight and egg shell strength. 

Key Words: AZOMITE, Egg production, Egg weight, Shell thickness, 
Feed efficiency

P344 Replacing inorganic with organic trace minerals in light breeder 
hens Diego Martínez*1, Carlos Vílchez2 1LIAN Development & Service; 
2Universidad Nacional Agraria La Molina
The objective of this experiment was to determine the effect of the de-
crease in the supplementary levels of trace minerals, after being com-
pletely replaced by organic forms, on productive performance of light 
breeder hens, fertile egg quality and hatching rate. 936 Hy-Line White 
molted breeder hens of 73 weeks of age placed in 52 cages with 18 hens 
each were assigned to one of the following dietary treatments: T1, hens 
fed an inorganic trace mineral supplemented diet; T2, hens fed an organic 
trace mineral supplemented diet with 20% lower mineral content than T1. 
Each treatment had 26 replications. The organic trace mineral premix fed 
to the hens was based on copper, iron, manganese, selenium and zinc. 
Diets were formulated according to Hy-Line nutritional guidelines. Dur-
ing 9 weeks the response on feed intake, egg production, egg mass, feed 
conversion ratio, hatching rate, Haugh units, and shape, yolk and albumen 
indexes were monitored. Data of all variables were analyzed under a Ran-
domized Complete Block Design with 2 treatments and 26 replication, 
applying the GLM procedure of SAS. Results showed that egg production 
rate (T1, 68.5; T2, 69.2; %), egg weight (T1, 62.54; T2, 62.66; g), egg 
mass (T1, 44.16; T2, 46.14; g/hen/d), feed conversion ratio (T1, 2.42; T2, 
2.35), Haugh units (T1, 87.6; T2, 88.7), yolk index (T1, 83.38; T2, 84.46), 
albumen index (T1, 81.22; T2, 82.25) and hatching rate (T1, 70.38; T2, 
71.21; %) were not affected (P>0.05) by the treatment with exception of 
feed intake, being higher (P<0.05) in hens of T2 (107.8 vs 106.4 g/d). In 
conclusion, replacing the inorganic trace mineral premix by one based on 

organic minerals with a 20% lower mineral content does not affect the 
productive performance, fertile egg quality or hatching rate. 

Key Words: organic trace minerals, total replacement, layer breeders, egg 
quality, hatching rate

P345 Effect of adding a protease in broiler diets having different 
phytase levels and various carbohydrases blends on performance 
and carcass traits Ricardo Gonzalez-Esquerra*1, Raquel Araujo1, Carlos 
López-Coello2, José Árce-Menocal3, Cesar Lima4 1Novus International 
Inc.; 2Universidad Nacional Autónoma de México - UNAM; 3Universidad 
Michoacana de San Nicolás de Hidalgo; 4Universidade de São Paulo
Two trials tested the effect a protease (Cibenza DP100®; PR) fed to broil-
ers in combinations with other feed enzymes. Unsexed Cobb500 1d-old 
chicks were fed Corn/SBM/MBM or Corn/SBM/DDGS/wheat bran mash 
basal diets in trial 1 (E1) and 2 (E2) for 42d, respectively. E1 was a 2x3 
factorial composed of 6 Trt of 7 pens of 45 birds each, with 2 dietary levels 
of Phytaverse® (Phy), 500 or 1000 FTUs. The former level was formu-
lated at 0.15% of Av.P. & Ca, and AA and ME as suggested by Novus, 
and the latter at 30% higher values than 500 FTUs across nutrients. All E1 
diets had a blend of carbohydrases (Cibenza CSM®). E2 had 6 trt of 6 reps 
of 45 birds each in a 2x3 factorial with a mannanase (Cibenza DE200®; 
Man) fed at 0 or 800 units/g, in basal diets with 1000 FTUs of Phy formu-
lated as in E1. Each Phy or Man level (E1 or E2, respectively) was fed on 
3 types of diets: 1) positive controls (+Ctrl), 2) negative controls with less 
AA & ME than +CTRL(-Ctrl), and 3) -CTRL plus 500g/MT of PR. AA & 
ME differences btw +CTRL & -CTRL corresponded to the PR matrix val-
ues suggested by Novus. Carcass traits (from 5 birds/pen at random) and 
performance (pen averages) were analyzed by ANOVA and Tukey Test. 
Interactions btw either Phy or Man vs. PR were tested as a 2x2 factorial 
without +CTRL. In E1 at 42d, no Phy x PR interaction was seen for per-
formance (<0.05). Adding PR improved BWG & FCR at levels similar to 
+CTRL, and greater than -CTRL (P<0.05). Feed intake was unaffected by 
Trt (P<0.05). Carcass and breast weight improved with PR still for carcass 
weight the PR improvement was grater in diets with 1000 FTUs (P<0.05). 
Trt did not affect carcass yield, and breast yield was greater in diets with 
PR and 500 FTUs (P<0.05). In E2 at 42d, there was no PR x Man interac-
tion for performance (P>0.05). Adding PR showed better BWG & FCR vs 
–CTRL, and +CTRL showed intermediate values irrespective of Man use 
(P<0.05). Similar carcass weight and breast yield and weight were seen 
btw +CTRL and PR irrespective of Man use, and unexpectedly -CTRL 
had the highest carcass yield in diets with Man (P<0.05). These results 
suggest that Protease can be used in broiler diets with either 500 or 1000 
FTUs Phy and a blend of NSP´s, or 1000 FTUs with a Man.

Key Words: Protease, Phytase, Carbohydrases, Broilers, Enzyme blends

P346 Effects of dietary phytase and multi-enzyme combined on growth 
performance and nutrient digestibility in broilers Maziar Mohiti-Asli1, 
Moein Ghanaatparast-Rashti1, Abdollah Akbarian*2 1University of Guilan; 
2EASY BIO, Inc.
The trial was conducted by a total of 280 1-d-old male chicks (Ross 308) 
in a completely randomized design with 7 treatments and 4 replicates with 
10 birds in each replication. Experimental dietary treatments included: 1- 
Positive control (PC; metabolizable energy according to Ross 308 recom-
mendations), 2- Negative control (NC; lower metabolizable energy for 50 
kcal/kg), 3- NC + Phytase (50 g/ton of diet), 4- NC + Multienzyme (100 
g/ton of diet; Endo-power beta), 5- NC + Phytase + Multienzyme, 6- Low 
negative control (LNC; lower metabolizable energy for 100 kcal/kg), 7- 
LNC + Phytase + Multienzyme. Broilers fed PC diet shown higher body 
weight gain (BWG) and lower feed conversion ratio (FCR) in 1 to 3 week 
as compared to NC and LNC groups (P < 0.05), and was not significant 
different between other treatments (P > 0.05). There is no different in aver-
age daily feed intake among all experimental treatments (P > 0.05). Birds 
fed PC diet in 3 to 6 week had higher BWG than those fed LNC diet (P < 
0.05). The birds fed LNC diet in 3 to 6 week had higher FCR than other 
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dietary treatments (P < 0.05). The entire period, BWG and FCR of broilers 
fed NC diets supplemented with phytase and multienzyme was signifi-
cantly better (P < 0.05) than NC and LNC group, and there is no different 
growth performance among the broilers fed supplemented diet and PC 
group. It could be concluded that supplementation of phytase or multi-
enzyme combined alleviated the negative effect of growth performance in 
birds fed low metabolizable energy diets. The analysis of nutrient digest-
ibility is ongoing.

Key Words: Broilers, Growth performance, Phytase, Multienzyme

P347 Effects of Feed Additives on Performance, Intestinal Microflora 
and Fecal Gas Emission of Broiler chicks Dongwook Kim1, Ho Choe2, 
Kyeong Ryu*2 1RDA National Research Livestock Institute; 2Chonbuk 
National University
This study was conducted to investigate the feeding influence of multi-
probiotics, fermented ginseng and sulfone with probiotics on growth 
performance, intestinal microflora, blood composition of broiler chicks. 
Three hundred twenty of one day old Ross×Ross broiler chicks were ran-
domly assigned to five treatments with four replicates in the floor pen for 
five weeks. Treatments were divided into; 0.1% Avila mycin (control), 
probiotics (Lactobacillus plantarum 5×107 cfu/g, Saccharomyces cerevi-
siae, 6×107 cfu/g, Bacillussubtillis, 2×107cfu/g), fermented ginseng by-
products, sulfone addition with probiotics. Weight gain and feed intake 
were weekly measured. Blood characteristics and intestinal microflora and 
fecal gas emissions were determined at the end of the experiment. Weight 
gain of birds fed probiotics tended to be higher than other treatments. Feed 
intake and conversion were not statistically different among treatments. 
Tri-glycerides were lowest in multi-probiotics and low density lipopro-
teins were lowest in fermented ginseng with probiotics. Salmonella spp. 
and E. coli populations in the gut were significantly decreased in antibi-
otics treatments (P<0.05). Lactobacillus spp showed significantly higher 
proliferation in probiotics treatment than other treatments (P<0.05). Fecal 
ammonia and CO2 emission was significantly decreased in multi-probiot-
ics, fermented ginseng by-products and sulfone with probiotics (P<0.05). 
Thus, multi-probiotics would be valuable as a feed additive to improve 
the growth performance, lactobacillus proliferation and reduce gaseous 
emissions of broilers. 

Key Words: Probiotics, performance, intestinal microflora, ammonica 
emission, broiler chicks

P348 Effects of Feeding Cudrania Tricuspidata Fruit on the 
Performance, Blood Composition and IgG in Laying Hens. Hanbong 
Lee1, Kyeong Ryu*2, Ho Choe2 1Miracle Bio Inc; 2Chonbuk National 
University
This research was carried out to determine the effect of feeding Cudrania 
tricuspidata fruit (CTF) on the performance of laying hens, egg quality, 
yolk fatty acid composition, IgG and blood composition. A total 48-weeks 
old 288 Brown nick laying hens were placed into 4 groups with 4 repli-
cates of 18 birds in each group. Treatments were diets with dried CFT at 
0, 0.25, 0.5, 1.0%. ME and CP were 2,800kcal/kg, 16.0% in basal diets, 
respectively. Egg production and daily egg mass were significantly in-
creased (P<0.05) in 1.0% CTF diet. Egg weight and feed intake were not 
statistically different between treatments. Feed conversion ratio showed 
greatly lower in 1.0% CTF than other treatments (P<0.05). Eggshell color 
was not influenced by the addition of CTF. Albumin height, haugh unit 
and eggshell breaking strength tended to be higher as dietary CTF concen-
tration increased. Yolk color intensified as CTF concentration increased. 
Blood cholesterol, tri-glycerides (TG) and high density lipoprotein (HDL) 
of birds fed CTF was significantly lower compared to the control group. 
IgG was also statistically higher in CTF treatments than the control group. 
These results suggest that the addition of 1% CTF in diets of egg lay-
ing birds would be the most effective on performance and egg quality, 
whereas 0.25% CTF would be optimum to improve the blood cholesterol, 
TG, HDL, IgG in laying hens.

Key Words: Cudrania Tricuspidata fruit, performance, egg quality, yolk 
fatty acid, laying hens

P349 Effect of higher bioavailable sources of trace minerals on 
performance and quality of laying hens eggs G. Lima1, Gabrille Castro2, 
Fernando Costa1, D. Cavalcante1, C. Lima1, L. Silva1, Alexandre Sechinato3, 
Vitor Fascina*3 1Universidade Federal da Paraiba - UFPB; 2Universidade 
Federal da Paraiba; 3DSM Nutritional Products
Higher bioavailable sources of trace minerals may be added at a lower 
concentration in the diet comparatively with inorganic mineral, without 
any adverse effect on performance and quality and may potentially re-
duce the excretion of minerals. Therefore, this study aimed to evaluate 
the performance and the quality of laying hens eggs supplemented with 
Tortuga Mineral (DSM Nutritional Products, Brazil) and inorganic miner-
als (sulphates). A group of 320 Dekalb White hens were used, from 53 to 
77 weeks of age, distributed in a completely randomized design with two 
treatments: Tortuga Minerals (TM, DSM recommended levels, mg/kg): 
Cu 8.6, Fe 43.7; Mn 56.4; Se 0.34 and Zn 43.7 and Control (Sulphate in 
Dekalb recommendation levels, mg / kg): Cu 8; Fe 60; Mn 70; Se 0.25 
and Zn 60, with 10 replicates of 16 birds each one. Diets were mashed and 
based on corn and soybean meal. Data were submitted to analysis of vari-
ance and compared by Tukey test of SAS. The parameters studied were: 
feed intake (g/bird/day, FI), egg production (%, EP), egg weight (g, EW), 
egg mass (g, EM), feed conversion per egg mass (kg/kg, FCEM), specific 
gravity (g/cm³, SG), shell thickness (mm, ST) and shell resistance (kg, 
cm2

, SR). It was not observed significant difference for: EP and FCEM (P> 
0.05). However, Tortuga Mineral supplementation improved (P<0.05): 
FI (112.30 vs. 114.62), EW (64.93 vs. 65.69), EM (59.82 vs. 60.85), SG 
(1.080 vs 1.081), ST (412.73 vs. 423.19), SR (3.22 vs. 3.39). In this study, 
Tortuga Mineral source increased egg weight and egg shell quality, mak-
ing them more resistant to breaking. It may be concluded that is possible 
to replace sulphates trace mineral sources by Tortuga minerals without 
adverse effect on laying hens performance.

Key Words: egg production, eggshell quality, albumen quality, levels

P350 Effects of different levels of Probitics in Broiler feed Sagar 
Paudel*, Damodar Neupane Nepal Agricultural Research Council
The objective of the present study was to investigate the effects of differ-
ent levels of probiotics on broiler performance and meat quality. Differ-
ent levels of probiotics were added into feed. Five hundred day old Cobb 
chicks were allocate at randomized design with four different levels of 
probiotics (100 chicks in each treatment with 25 chicks in each replica-
tion)and four replication and one control groups. Final body weight and 
liver weight were significantly differences in different probiotics groups 
(p<0.05). Final body weight was in treatment four (2216 gram) compare 
to other treatments groups (2113, 2100, 2096 and 2088 gram in control) 
respectively. Liver weight also higher in treatment four (65 gram) compare 
to other treatment groups (60, 58, 57, 56 gram in control) respectively. 
Feed conversion ratio also significant in different treatments groups. Feed 
conversion ratio was not significantly different among the four treatments. 
Carcass yield was significantly higher (p<0.05) in treatment four. There 
were no significant differences in moisture, Ash, protein and fat content 
in meat. Supplementation of probiotics enhance body weight resulting 
higher carcass yield.

Key Words: broiler, probiotics, meat

P351 Evaluation of CALSPORIN® in feed and/or FINELACT® in 
water for broiler chickens given coccidial and clostridial challenge 
in battery pens Matt Kato1, Toshihiro Marubashi1, Corey Farmer1, Brett 
Lumpkins2, Greg Mathis2, Charles Hofacre3, Danny Hooge*4 1Calpis 
America, Inc.; 2Southern Poultry Research, Inc.; 3University of Georgia; 
4Hooge Consulting Service, LLC
Using a necrotic enteritis (NE) challenge model, CALSPORIN® (Bacil-
lus subtilis C-3102; 600,000 cfu/g starter feed continuously) and FINE-
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LACT® Poultry (Lactobacillus reuteri NHL2 of chicken origin via water 
at ½ pouch or 25 g/41.89 L water for 3 hours at 7, 14, or 20 d) were 
evaluated for improving performance and reducing NE lesions and mor-
tality of broiler chickens following coccidial and clostridial challenges 
in Petersime battery pens. A total of 320 newly hatched Cobb 500 male 
chicks were allocated at 8 chicks/pen (0.63 ft2 or 0.0585 m2/bird) and 8 
replicate pens per treatment in a Randomized Complete Block Design 
(8 blocks were comprised of 8 replications of 5 treatments). Placement 
was on d 0. On d 14, all birds were orally inoculated with 5,000 oocysts 
of Eimeria maxima. Starting on d 19, all birds, except T1, were given a 
broth culture of Clostridium perfringens (Cp) at 108 cfu/mL. The birds 
were administered a fresh broth culture once daily for 3 d on d 19, 20, 
and 21. Treatments were: T1 no Cp, no additive; T2 Cp, no additive; T3 
Cp, CALSPORIN® 0-28 d, FINELACT® on d 7; T4 Cp, CALSPORIN® 
0-28 d, FINELACT® on 14 d; and T5 Cp, CALSPORIN® 0-28 d, FINE-
LACT® on d 21. Birds and feed were weighed on d 0 and 28; intestinal 
NE scores (0-3 least to most severe) were taken on d 21; and NE mortality 
% was taken from 0-28 d. Results for T1 to T5, respectively, were: BW 
gain (g) 899a, 679b, 922a, 873a, 868a (p=0.001); mortality-adjusted feed/
gain 1.749b, 2.706a, 1.886b, 1.913b, 1.866b (p=0.000); total mortality % 
9.38c, 29.7a, 23.4ab, 12.5bc, 14.1bc (p=0.001); NE mortality % 0.00b, 29.7a, 
12.5b, 12.5b, 10.9b (p=0.000); and NE lesion scores 0.00b, 0.54ab, 0.63a, 
0.35ab, 0.40ab (p=0.026). Young broilers given CALSPORIN® in feed and 
FINELACT® single dose via water at 14 or 20 d had gain, feed efficiency, 
NE lesion scores and mortality % results not significantly different from 
the negative control (no Cp or additive). FINELACT® administration via 
water on d 14 (T4) gave the lowest total mortality % and NE lesion score 
under challenge.

Key Words: broiler, CALSPORIN, direct-fed microbial, FINELACT, 
necrotic enteritis

P352 Digestible valine requirement for European quail from 1 to 
42 days Fernando Costa*1, Cristina Lima1, Danilo Cavalcante1, Sarah 
Pinheiro1, Luzia Silva1, Gabrielle Castro1, Guilherme Lima1, Matheus 
Lima1, Eduardo Nogueira2, Gabriel Sandt Pessoa2 1Federal University of 
Paraiba; 2Ajinomoto from Brazil
The aim was to evaluate the nutritional requirement of digestible valine 
(dVal) for European quails (Coturnix coturnix). A total of 864 quails were 
used. There were 6 treatments of 6 replicates cage of 8 birds per cage, 
with a completely randomized design. The levels of dVal used were 0.998, 
1.058, 1.118, 1.178, 1.238 and 1.298%, with 1.344% digestible lysine 
(dLys). The study was divided into two phase, from 1 to 21 and 22 to 
42 d, but with the same levels of dVal and dLys. Were analyzed the feed 
intake (FI, g/quail), body weight (BW, g/quail), body weight gain (BWG, 
g/quail) and feed conversion ratio (FCR, g/g). Data were analyzed the one 
way ANOVA using the GLM procedure of SAS and regression analysis. 
In the It phase 1 to 21 d, it became clear the influence of the levels on 
the weight of the quails, as the final BW (p=0.004) (BW=-269.46dVal2 

+ 633.79dVal - 207.14; R²=0.94), BWG (p=0.002) (BWG=-215.92dVal2 

+ 500.74dVal - 133.2; R²=0.95), and FCR (p=0.002) (FCR=3.5105dVal2 

-8.1703dVal + 7.0781; R²=0.92) had a quadratic effect, with optimum 
dVal levels in 1.176, 1.159, 1.164%. In 22 to 42 d of age, the same effect 
was earlier stage, so that the BW (p=0.046) (BW) (BW=-216.36dVal2 + 
489.59dVal + 22.404; R²=0,92), BWG (p=0.007) (BWG=-280.27dVal2 + 
647.56dVal - 221.94; R²=0.97), and FCR (p=0.013) (FCR=10.574dVal2 

-24.443dVal + 20.371; R²=0.96) had optimum levels in 1.140, 1.150 and 
1.150% dVal levels, respectively. Feed intake was not affected at the stage 
from 1 to 21 d (p=0.579) and from 22 to 42 d (p=0.911). In conclusion, we 
recommend a level of 1.170 and 1.150% dVal for European quails from 1 
to 21 d and from 22 to 42 d, respectively.

Key Words: ideal protein, growth, meat production, optimal performance

P353 Digestible valine requirement for pullets and laying hens 
Fernando Perazzo Costa*1, Cristina Lima1, Danilo Cavalcante1, Sarah 
Pinheiro1, Luzia Silva1, Gabrielle Castro1, Guilherme Lima1, Matheus 
Lima1, Eduardo Nogueira2, Gabriel Sandt Pessoa2 1Federal University of 
Paraiba; 2Ajinomoto from Brazil
The objective was establish nutritional requirement of digestible va-
line (dVal) for pullets and laying hens. In experiments from 0 to 3, 4 to 
6, 7 to 12, 13 to 15 and 16 to 17 wk and egg production phase (26 to 
46 wk), 432 birds were used in each of the phases, and 420 in the lay-
ing hens. The levels of dVal used in each phases were 0.76, 0.73, 0.69, 
0.61 and 0.71% dVal, that each had two reductions 0.06 and 0.12 per-
centage points and three increments of 0.06, 0.12 and 0.18 percentage 
points of dVal, a total of six treatments with six replicates of 12 birds 
per cage, except in the laying phase, with 7 replicates of 10 birds per 
cage. The experiment from 0 to 3 wk, were influenced the BW (g/bird) 
(p<0.001; BW=-133.65dVal2+212.45dVal+130.73; R²=0.95), the BWG 
(g/bird) (p<0.001; BWG=-131.73dVal2+209.36dVal+96.166; R²=0.95) 
and FCR (g/g) (p=0.001; FCR=3.4976dVal2-5.3297 dVal+4.1127; 
R²=0,92). From 4-6 wk, the dVal affected the BW (p=0.003; BW=-
434.09dVal2+622.49dVal+167.46; R²=0,91), BWG (p<0.001; BWG=-
544.61dVal2+785.15dVal-66.167; R²=0.96) and the FCR (p<0.001; 
FCR=7.9912dVal2-11.319dVal+6,5699; R²=0.96). In the 7 to 12 wk, the 
dVal influenced the BW (p=0.033; BW=-337.03dVal2+466.85dVal+777.05; 
R²=0.95), BWG (p=0.052; BWG=-338.27dVal2+468.74dVal+364.51; 
R²=0.95) and the FCR (p=0.017; FCR=5.4666dVal2- 7.7294dVal+6.6559; 
R²=0.95). From 13 to 15 wk, the dVal influenced the BWG (p<0.002; 
BWG=-845.62dVal2+1155.2dVal-174.38; R²=0.93) and the FCR (p=0.04; 
FCR=20.536dVal2-27.448dVal+13.469; R²=0.90). From 16 to 17 wk, 
the 0.54% dVal was sufficient to support the demand of birds, because 
no effect in the BW (p=0.08), BWG (p=0.16), FI (p=0.74) and FCR 
(p=0.26). In the egg production phase, the dVal affects the egg produc-
tion (EP, egg/day*100; p=0.024; EP=-62.358dVal2+97.414dVal+54.403; 
R²=0.94), and feed conversion by dozen eggs (FCDE, kg/dz; p=0,042; 
FCDE=0.9473dVal2-1.4924dVal+1.7729; R²=0.95), and do not affect 
(p>0.05) the FI, egg weight, egg mass and feed conversion by egg mass. 
In conclusion, the dietary levels of 0.79, 0.72, 0.70, 0.68, 0.54 and 0,78% 
dVal for hens from 0 to 3, 4 to 6, 7 to 12, 13 to 15, 16 to 17, and egg pro-
duction phase (26 to 46 wk) was beneficial to the hens. 

Key Words: ideal protein, growth, egg production, optimal performance

P354 Effects on broiler performance and intestinal E. coli population 
of an additive based on essentials oils and benzoic acid Caroline 
Mendes2, Ricardo Abreu2, Leticia Bittencourt1, Dino Garcez*1, Claudia 
Silva1, Rafael Hermes1 1DSM; 2UFRB
A study was conducted to evaluate the effects of an feed additive, based 
on essential oils (thymol, eugenol and piperine) and benzoic acid, as an 
alternative to antibiotic growth promoter (AGP) in broilers diets. A total 
amount of 816 male one-day-old Cobb500 broiler chicks were used in a 
completely randomized design with 3 treatments, 8 replicates of 34 birds 
each one. Treatments were: 1) negative control NC, without AGP; 2) the 
feed additive at 300 ppm (CPP, Crina Poultry Plus from DSM Nutritional 
Products, Sao Paulo, Brazil and 3) the feed additive Enramycin at 8% 
(EN), 10 ppm. Data were analyzed using ANOVA and considered statisti-
cally different among treatments when P<0.05. Feed intake and mortality 
were not influenced by the treatments (P>0.05). Also, there was not effect 
of treatments for feed conversion at 41 days of age (1.46, 1.42, 1.41 g:g, 
respectively), however, at 21 days of age, the CPP (0.98) and EN (1:01) 
treatments differed (P<0.05) positively from the NC (1.04). Chickens fed 
with CPP and EN had greater (P<0.05) weight gain (1,234g and 1,229g, 
respectively) compared to NC (1,191g) at 21 days of age. There was no 
effect of adding any of the additives on intestinal crypt depth and absorp-
tion area at 41 days of age (P > 0.05). The intestinal E.coli count, was 
decreased (P<0.05) in chickens fed with CPP (4.760 log/g) compared to 
other treatments (NC 5.989 log/g, EN: 6.347 log/g) at 27 days of age. The 
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use of CPP improved weight gain and feed conversion from 1 to 21 days 
of age and reduced the intestinal E.coli count at 27 days of age, showing 
its effectiveness on broiler performance and intestinal health as an alterna-
tive to antibiotic growth promoters specially during early stages of life.

Key Words: organic acid, intestinal microbiota, prebiotics

P355 Effect of L-carnitine, vitamin E-selenium, and Newcastle 
disease vaccine via in ovo injection on hatchability and performance 
of broilers Yasser Jameel* University of Kerbala
This study was conducted to evaluate the effect of vitamin E-Selenium, 
L-carnitine, and Newcastle disease vaccine (ND) administered via in ovo 
injection on broiler performance and immunity. On day 18 of incubation, 
a total of four hundred fifty fertilized eggs (Ross-308) were allocated into 
five groups (90 eggs per group) with 3 replicates per group. All eggs were 
injected in the amnion by using an automated injector with 0.1 ml saline 
solution as a control (T1), 0.1 ml ND vaccine (T2), 0.1 ml ND vaccine 
plus 0.25ml vitamin E-Se (T3), 0.1 ml ND vaccine plus 0.25ml L-carnitine 
(T4), and 0.1 ml ND vaccine plus mix of 0.125 ml of each vitamin E-Se 
and L-carnitine (T5). After hatching, all hatched chicks were vaccinated 
at the hatchery by a commercial vaccine against ND and IB by spray, 
then transferred to floor pens and each group subdivided into 3 replicates 
randomly. Feed and water were provided ad libitum. Blood samples were 
collected at the end of the experiment to estimate the ELIZA antibody titer 
against the ND virus. Body weight (BW) and feed intake were collected 
at the end of the experiment and the Feed conversion ratio FCR was cal-
culated. Data were analyzed as a one way ANOVA and significant means 
were separated using Duncan`s Multiple Range test (p≤0.05). Results 
demonstrated that hatchability was unaffected by treatments (87, 86, 83, 
84, and 86% respectively). Also, BW and FCR were unaffected. However, 
ELIZA antibody titer was improved significantly (p≤0.05) in all in ovo 
injected groups as compared with the control group. Also, antibody titer 
in T3, T4, and T5 chicks were significantly greater than T2 group. These 
results suggest that in ovo injection of l-carnitine and vitamin E-Se with 
ND vaccine may enhance the immune response of broilers significantly 
that may be due to the synergistic effect of l-carnitine and vitamin E-Se 
with ND vaccine.

Key Words: in ovo injection, immune response, vitamin E, selenium, 
L-carnitine

P356 Digestible lysine requirement of male market turkeys Sally 
Noll*1, Adam Maidman1, Zhirong Jiang2, Paul Tillman3 1University of 
Minnesota; 2Ajinomoto Heartland, Inc; 3Poultry Technical Nutrition 
Services, LLC
Recent studies of amino acid requirement determinations in grow-finish 
turkeys are few resulting in a lack of confirmation of existing recommen-
dations. The objective of the study was to determine the digestible lysine 
(dlys) requirement in male Hybrid Converter turkeys (16 to 19 wks of 
age) using a basal summit approach. Prior to the start of the study, turkeys 
were weighed and allocated to pens to achieve a similar weight distri-
bution and average pen body weight. Diets were composed primarily of 
corn, soybean meal, and poultry byproduct meal with vitamin and mineral 
supplementation. The basal diet in addition contained wheat midds. The 
basal and summit diets were formulated to contain .65 and 1.25% dlys 
respectively, with a calculated ME content of 3350 kcal/kg. Crude protein 
content was 13 and 20.6%, respectively. Ratio of critical amino acids to 
dlys were kept constant in the basal and summit diets. Intermediate levels 
of diet dlys were achieved by mixing differing proportions of the basal 
and summit diets resulting in a total of seven diets. A control diet treat-
ment was fed and contained .85% dlys and 3350 ME kcal/kg following 
Hybrid recommendations. Each diet (mash form) was fed to 12 replicate 
pens (seven turkeys per pen). Turkeys were weighed at 16 and 19 wks of 
age with feed disappearance measured. At the end of the trial, one turkey 
per pen was removed and processed to obtain carcass and parts yield. The 
experimental design was CRBD and ANOVA was used to estimate dif-

ferences in treatment effects. Linear break point regression was used to 
determine the dlys requirement. Confidence interval for the break point 
was constructed using bootstrap methods. Analysis of variance indicated 
that dietary treatment affected gain, feed efficiency, carcass weight, and 
breast meat weight (P<.001). Performance of the control diet was similar 
to performance of turkeys fed intermediate levels of dlys. The calculated 
dlys requirement and the 95% confidence interval for gain using linear 
regression was 1.07% (.97-1.18%). For feed efficiency, the requirement 
was 1.11% (1.01-1.22%). In conclusion, the dlys requirement was greater 
than the estimated dlys requirement from NRC (1994) and Hybrid recom-
mendation.

Key Words: turkey, lysine, requirement

P357 Effect of three herbs anise, cumin, and rosemary and their 
combination on broilers lipid profile and performance Yasser Jameel*1, 
Ali Sahib2, Mohammed Husain1, Morouj Al-Ajeeli3, Mohammed Hashim3 
1University of Kerbala; 2University of Kufa; 3Texas A&M University
The ban of using antibiotics as growth promoters in some countries and 
consumer preference for antibiotic free poultry products have increased 
the demand for alternative growth promoters. Some herbs are classified 
under the term of phytobiotics and considered as alternative growth pro-
moters in poultry. The aim of this study was to evaluate the effect of three 
herbs powder anise, cumin, and rosemary and their combination on broil-
ers lipid profile and performance. Two hundred and twenty five 1-day-
old broiler chicks were randomly assigned into one of the 5 dietary treat-
ments (basal diet without any supplement T1 as control, 0.5% anise T2, 
0.5% cumin T3, 0.5% rosemary T4, 0.5% mix from three herds T5) with 
3 replicates of 15 birds for 35 days. Blood samples were collected at the 
end of the experiment (35 days) to estimate the lipid profile. Body weight 
(BW) and feed intake were collected at the end of the experiment and 
the Feed conversion ratio FCR was calculated. Data were analyzed as a 
one way ANOVA and significant means were separated using Duncan`s 
Range test (p≤0.05). Results indicated that BW and FCR were improved 
significantly (p≤0.05) for birds fed anise or cumin as compared with other 
treatments. In addition, lipid profile improved significantly (p≤0.05) in all 
treated groups as compared with control. In conclusion, anise and cumin 
may have growth promotion ability and can improve broiler performance. 
Also, supplementing broiler diet with herbs or a mixture of herbs en-
hanced serum lipid profile of broilers.

Key Words: broilers performance, lipid profile, anise, cumin, rosemary

P358 Improving broiler performance using a phytogenic feed additive 
in combination with/without phytase in an energy- and protein-
reduced diet Carina Schieder*1, Mirjana Dukic-Stojcic2, Sinisa Bjedov2, 
Lidija Peric2 1BIOMIN Holding GmbH; 2University of Novi Sad
The effects of a phytogenic feed additive (PFA) alone or in combination 
with phytase on growth performance were determined in an experiment 
using as hatched Ross 308 broilers. 700 broilers were assigned to 4 treat-
ments (5 pens/treatment) over a period of 42 days. Treatments included 
standard diet (fullCON), energy- and protein-reduced control (redCON; 
-4.0% ME and -0.8% XP); redCON supplemented with a selected blend 
of phytogenic feed additive (Digestarom® Poultry, BIOMIN Holding 
GmbH; redCON+PFA) and redCON supplemented with the same PFA 
and a phytase (redCON+PFA+ENZ). Feed and water was supplied ad libi-
tum. Body weight and feed consumption were recorded weekly. Mortality 
was recorded on daily basis. Foot pad lesions were scored at day 35 us-
ing scale from 0 (no lesion) to 2 (lesion extending through skin). Results 
showed that on day 42 the overall body weight (BW) was reduced (p<0.05) 
when sparing energy and protein in the diet (2143.43 g vs. 2007.58 g in 
the fullCON and redCON group, respectively). Supplementation of a 
PFA in combination without or with a phytase improved BW on day 42 
compared to redCON (2091.28 and 2187.28 when fed redCON+PFA and 
redCON+PFA+ENZ; p<0.05). Daily feed intake was significantly in full-
CON (100.85 g) and redCON+PFA+ENZ (101.26 g) groups compared to 
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redCON (93.89 g; p<0.05). Feed conversion ratio did not show any sig-
nificant differences (p>0.05; FCR of 1.98 in fullCON vs. 1.96 in redCON 
vs.1.95 in redCON+PFA vs. 1.94 in redCON+PFA+ENZ). In conclusion, 
down-specification of a diet in ME and XP results in reduced performance 
compared to a standard ration. Supplementation of diets with a PFA in 
combination with/without a phytase increased broiler growth perfor-
mance. Results are confirming positive effects of PFA in broiler diets.

Key Words: Phytogenic feed additive, energy- and protein-reduced diet, 
performance, broilers

P359 Maternal dietary polyunsaturated fatty acids and antioxidant 
compound affect levels of trace minerals in eggs and docosahexaenoic 
acid content in progeny tissues Lizza Macalintal*, Tuoying Ao, Anthony 
Pescatore, Austin Cantor, P Glenney, Michael Ford, Karl Dawson Alltech-
University of Kentucky Nutrition Research Alliance
The effects of supplementing broiler breeder diets with polyunsaturated 
fatty acid derived from microalgae and an antioxidant pack on the levels 
of egg trace minerals and fatty acids (FA) composition in chick tissues 
were assessed. Broiler breeders were fed a commercial corn-soy based 
diet with or without the addition of 1%All-G-Rich™ + EconomasE® uti-
lizing 6 pens/treatment containing 10 hens with 1 rooster/pen. Microalgae 
(All-G-Rich™, Schizochytrium limacinum CCAP 4087/2; Alltech, Inc.) 
is known to contain high levels of docosahexaenoic acid (DHA) while 
EconomasE® is a proprietary blend of ingredients designed to improve 
the antioxidant status of animals. At 24 wks of production, 3 eggs / pen 
were collected for trace mineral content and fatty acid analysis. Eggs col-
lected at 17 weeks of production were incubated and at hatch, 6 chicks / 
pen were harvested for FA profiling of the residual yolk, brain, liver and 
breast muscle. The selenium, manganese and iron content of eggs from 
breeder hens fed the All-G-Rich™ and EconomasE® supplemented diets 
were significantly higher (P<0.05) compared to those eggs from hens fed 
the corn-soy diet. Total n3 FA, particularly the DHA content of eggs from 
breeders fed the supplemented diet was higher than those eggs from non 
supplemented hens. No difference was detected for n6 FA however reduc-
tion in n6:n3 ratio was observed in eggs from breeders fed the supple-
mented diet (P<0.01). The DHA content of tissues harvested from progeny 
of breeder hens fed the supplemented diet was higher (P<0.01) than those 
chicks from breeder hens fed the corn-soy diet. EPA was detected and 
found be higher in the brain, liver and breast muscle but not at the residual 
yolk of chicks from hens fed the supplemented diet. Higher concentra-
tions of Ʃn-3 FA (P<0.001) were measured in the brain, liver, and muscle 
while low concentrations of Ʃn-6 FA for brain and liver but not breast 
muscle were detected in chicks from hens fed the supplemented diet. No 
difference was observed for the residual yolk. Reduction in the n6/n3 ratio 
(P<0.01) was observed for the residual yolk sac, brain and liver but not 
for the breast muscle. Supplementation of the maternal diet with All-G-
Rich™ + EconomasE® increased the levels of critical trace minerals in 
breeder eggs. Furthermore it appears that maternal transfer of n-3 FA may 
enhance brain function and development by enhancing the DHA content 
in the chick brain.

Key Words: DHA, broiler breeders, fatty acids, trace minerals, hatching 
eggs

P360 Comparing different zinc programs on broiler performance 
Terri Parr*, James Usry, Jeff Cohen Micronutrients
Mineral availability has historically restricted a nutritionist’s mineral 
choices to include either inorganic or organic minerals. Organic minerals 
are thought to perform better at lower inclusion levels, but high costs have 
limited their use. A newer class of minerals – hydroxy trace minerals – of-
fers equal performance to organic minerals. The objective of this trial was 
to compare the effects of different zinc sources, zinc combinations, and 
two different mineral feeding programs on broiler performance. Previous 
research (Rochelle et al., 2015) indicated no difference between sources 
in growth rate and tibia zinc when IntelliBond Zinc (IBz) and organic zinc 

(Zinpro Availa Zinc; AvZ) were fed in a classic relative bioavailability 
trial. Thus, a commercial trial was conducted wherein 5,760 Cobb 500 
straight-run birds were fed one of six diets for 43 days. Birds were housed 
60 per pen, and the trial included 16 replicates per treatment. Diets were 
corn – soy based with 3-4 % animal by-products. Biocox was included as 
an ionophore and no antibiotics were used. Treatments were differentiated 
by zinc source and level, and mineral programs were either fed all the way 
through, or reduced by 20% in the final of three phases. Dietary design 
included: 1) 50ppm IBz + 30ppm AvZ, 2) As 1 (phase 1 & 2), reduced 
20% in phase 3, 3) 60ppm IBz + 20ppm AvZ, 4) As 3 (phase 1 & 2), 
reduced 20% in phase 3, 5) 80ppm IBz, 6) As 5 (phase 1 & 2), reduced 
20% in phase 3. At 43 days, birds were weighed by pen and four birds 
were selected for processing and wing-banded. Processing (2 males and 
2 females per pen) was initiated at 44 days of age. Results demonstrated 
no significant differences between treatments for performance or yield. 
These data support the work by Rochelle et al. (2015) that hydroxy trace 
minerals work as well as organics, and indicate that feeding IntelliBond Z 
as the sole zinc source works as well as feeding combinations that include 
organic minerals.

Key Words: IntelliBond, zinc, hydroxy minerals, broiler

P361 Performance of quail supplemented with glutamine and 
glutamic acid from 1 to 21 days of age Paulo Silva Junior, Patricia 
Givisiez, Fernando Costa*, Danilo Cavalcante, Romilton Barros Junior 
Universidade Federal da Paraiba
Glutamine and glutamic acid (Aminogut) were supplemented to European 
quails from 1 to 21 days of age (d) and performance was assessed. Male 
and female quails (n=800) were distributed according to a completely ran-
domized design with five treatments (0, 1, 2, 3, 4% Aminogut) and eight 
repetitions with 20 birds per experimental unit. Feed intake, weight gain 
and feed conversion were assessed weekly and data were submitted to 
ANOVA using GLM procedure of SAS. Weekly performance was im-
paired (P<0.05) by increasing levels of Aminogut as well as performance 
from 1 to 21d, with lower feed intake, and weight gain. Feed conversion 
was not affected (P>0.05) from 8 to 14 and 1 to 21 days, but was worse 
on the other weeks. Glutamine and glutamic acid did not improve perfor-
mance from 1 to 21 days of age in European quails.

Key Words: birds, feed conversion, feed intake, weight gain, trophic 
agent

P362 Use of multi-strain probiotic SYNLAC™ II as a substitute for 
antibiotic growth promoters (AGPs) in commercial boiler duck farms 
in China Chung Chien Yang Synbiotech Inc
The aim of this study was to evaluate the potential of a probiotic, SYN-
LAC™ II , as a substitute for AGPs in the production of boiler ducks. This 
study was performed at thirteen commercial duck farms in northeast Chi-
na, at an average of 10,000 to 20,000 Cherry Valley ducks per farm per 
group. SYNLAC™ II is a multi-strain probiotic composed of Lactobacillus 
acidophilus LAP5, Enterococcus faecium EF08, L. plantarum LP28 and 
Bacillus subtilis and has a total cell count of 1010CFU/g. SYNLAC™ II 
was supplemented in drinking water at a dosage of 100g/5000 birds per 
day and the production parameters, including body weight, feed intake, 
feed conversion ratio (FCE), mortality and drug consumption during the 
whole production period of 36 days were compared with AGPs group. 
The result showed that supplementation of SYNLAC™ II had better FCR 
and mortality rate than AGPs at 46% and 53.4% of duck farms, respec-
tively. The use of medication was also reduced in SYNLAC™ II group at 
all farms. From all the 13 duck farms, the production cost reduced 474 US 
dollars per 10,000 birds when SYNLAC™ II was used in replacement of 
AGPs. In conclusion, SYNLAC™ II has the potential to be used as a feed 
additive to replace AGPs in broiler duck.

Key Words: SYNLAC™ II, probiotic, Lactobacillus acidophilus LAP5, 
broiler duck
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P363 Inclusion of a pasteurized worm leachate in the drinking water 
of growing broiler chickens fed comercial feeds Jesus Maguey1, Sergio 
Gomez Rosales*2, Maria De Angeles2 1School of Veterinary Medicine 
and Animal Husbandry, Metropolitan Autonomous University; 2National 
Center of Disciplinary Research in Animal Physiology, INIFAP
The objective was to evaluate the productive performance, carcass yield 
and the nutrient balance based on a total mass approach in broilers from 21 
to 45 d of age. A total of 421 Ross B308 broilers were assigned in groups 
of 17-18 birds/pen to 3 treatments: 1) Broilers were fed grower and finish-
er diets and were provided with plain water via 20 L containers connected 
to bell drinkers (Water); 2) As in 1) but the drinking water was added with 
20% of raw worm leachate (RWL); and 3) As in 1) with 20% of a pasteur-
ized worm leachate added in the drinking water (PWL). The RWL was 
filtered with cheesecloth and the PWL was filtered and heated to 60-70º C 
during 1 h before mixing them with water. There were 8 replicate pens per 
treatment and data was subjected to ANOVA. The yield of the carcass (P < 
0.08) and the yield of breast (P < 0.05) were greater in the PWL treatment 
compared to the Water and RWL treatments. The rest of the productive 
variables and mortality were similar among treatments. The concentra-
tion and total body nitrogen of the chickens and the concentration and 
total nitrogen in litters were similar among treatments at the beginning and 
end of the experiment. The average efficiency of nitrogen retention in the 
total body, litter and total body+litter were 36.79, 18.68 and 55.34%, re-
spectively, and were not different among treatments. The gaseous nitrogen 
losses by each finished broiler and by kg of finished broilers (1.67 and 0.77 
g/day) were also similar among treatments. The inclusion of a PWL in the 
drinking water of broilers from 21 to 45 d of age fed comercial diets only 
improved the carcass and breast yield but did not affect other productive 
parameters neither the total nitrogen balance.

Key Words: Worm leachate, Drinking water, Growth performance, 
Nitrogen balance

P364 Tapioca dried meal is a valuable unconventional feed stuff in 
native chicken ration Kumarave Varadharajan* TANUVAS
Cassava Dried Meal (CDM) is rich in carbohydrates, but low in protein, 
amino acids. In India, Tamil Nadu stands first in respect of processing of 
Cassava into starch and sago and hence this crop has now acquired a status 
of one of the important commercial crops in the State. Cassava usage in 
human consumption has declined dramatically and fluctuation of market 
price is incredibly high every year. The price fluctuation is an important 
problem in marketing of Cassava. Sometimes price of the Cassava is in-
creased (In 2013 the price of Cassava per bag was $ 7.3 - 11.60) and some-
times it is reduced (In 2012 the price per bag was $ 2.20) thus it is neces-
sary to find the other alternative marketing channels like incorporation in 
livestock and poultry feed to minimize the economic losses incurred by 
Cassava producing farmers. Freshly harvested Cassava tubers should be 
cleaned by removing dust, sand or any other foreign materials attached, 
and then they were chopped into thin slices and dried in the sun light for 3 
days to eliminate anti-nutritive factors like hydrocyanic acid (HCN). Sun 
drying, heating and or soaking in water for 3-5 days eliminates 80-95 per 
cent of cyanide in Cassava tubers. After sun drying, Cassava dried meal 
can be prepared by grinding of the Cassava slices in hammer mill. CDM is 
a rich source of carbohydrate and it can be used safely @ 10 per cent level 
replacing other grains in native chicken diets and also CDM is a valuable 
non-conventional feed ingredient that could be used in native chicken ra-
tion when available locally at cheaper cost.

Key Words: native Chicken, feed, Cassava

P365 Effects of low-protein diets on growth performance and carcass 
yield of growing White Pekin ducks Ming Xie*, Yong Jiang, Jing Tang, 
Wei Huang, Shuisheng Hou Institute of Animal Sciences, Chinese Academy 
of Agricultural Sciences
A dose-response experiment with 6 dietary CP levels (13.54, 14.37, 14.71, 
16.04, 16.61, and 17.22% ) was conducted to investigate the effects of 
low-protein diets on growth performance and carcass yield of growing 
White Pekin ducks from 14 to 35 d of age. All diets were formulated to 
be similar dietary energy level and the standardized ileal digestive amino 
acid profile including Lys, Met, Thr, Trp, Arg, Ile, Val, and Gly. A total 
of 288 14-d-old male White Pekin ducks were divided to 6 experimental 
treatments and each treatment contained 8 replicate pens of 6 birds. Ducks 
were reared in raised wire-floor pens from 14 to 35 d of age. At 35 d of 
age, the weight gain, feed intake, feed/gain, and the yield of carcass, breast 
meat, leg meat, and abdominal fat of ducks from each pen were all mea-
sured. As dietary CP decreased from 17.22 to 13.54%, reducing dietary CP 
had no significant effects on weight gain and feed intake of ducks (P>0.05) 
but feed/gain of these birds increased linearly or quadratically (P<0.05) as 
dietary CP decreased. On the other hand, the yield of carcass, leg meat, 
and breast meat were not influenced by reducing dietary CP ( P>0.05 ) 
but the abdominal fat increased linearly or quadratically as dietary CP 
decreased (P<0.05 ). According to broken-line regression, the 14.81 and 
14.94% were the minimum dietary CP to keep the feed/gain and abdomi-
nal fat similar to the ducks fed 17.22% CP diets, respectively. In summary, 
with crystal amino acid supplementation based on similar standardized 
ileal amino acid profile, it was possible to formulate the low-protein diets 
of Pekin ducks without adverse effects on their growth performance and 
carcass yield.

Key Words: ducks, protein, growth performance, carcass yield
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